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SYSTEM AND METHOD FOR REFUELING AIR VEHICLES 

TECHNOLOGICAL FIELD  

The presently disclosed subject matter relates to systems and methods for 

refueling air vehicles, especially aircraft, in particular for refueling aircraft during flight. 

 5 

BACKGROUND  

Airborne refueling (also referred to interchangeably herein as air refueling, in-

flight refueling, air to air refueling (AAR), aerial refueling, fueling, tanking, and the 

like) refers to the process of transferring fuel from a tanker aircraft to a receiver aircraft 

during flight. 10 

Two types of airborne refueling systems are currently in use for refueling 

airborne military aircraft: 

- the so-called “hose and drogue” system, used by the US Navy and many 

non-US air forces; 

- the so-called “boom and receptacle” or “flying boom” system, used by the 15 

US Air Force, and also used by Israel, Turkey and the Netherlands. 

In the hose and drogue system, the refueling aircraft is provided with one or 

more non-rigid refueling lines, at the end of each of which there is a drogue which 

functions as a stabilizer and includes a receptacle, while the receiver aircraft is fitted 

with a probe that is configured for engaging with the receptacle. In use, the drogue is 20 

not actively controlled, but rather aligns itself freely in the airflow aft of the tanker. The 

pilot of the receiver aircraft controls the flight path thereof to ensure engaging contact 

between the probe and the receptacle. Thereafter, the receiver aircraft is refueled via the 

refueling line and probe.  

In the boom and receptacle system, the tanker includes a so-called “flying 25 

boom”, which is a rigid tube that telescopes outwardly and is gimbaled to the rear of the 

tanker aircraft, and is otherwise retracted into the tanker fuselage when not in use. The 

boom carries a fuel line and comprises a fuel transfer nozzle at the end thereof, and the 

boom is equipped with adjustable flight control surfaces. Once the tanker and receiver 
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aircraft are in close proximity and flying in formation, with the receiver aircraft at a 

position behind the tanker within an air refueling envelope (referring, for example, to 

safe limits of travel for the boom with respect to the receiver aircraft and within which 

contact between the receiving aircraft and the boom is safe), a dedicated operator in the 

tanker controls the position of the boom via the control surfaces, and inserts the end of 5 

the boom including the nozzle into a receptacle provided on an upper part of the 

receiving aircraft, ensuring proper mating between the nozzle and receptacle, after 

which fuel transfer can begin. During refueling, and while the boom is engaged with the 

receptacle, the pilot of the receiver aircraft must continue to fly within the air refueling 

envelope, and if the receiver aircraft approaches these limits the operator in the tanker 10 

requires the receiver aircraft pilot to correct the position thereof, and if necessary the 

boom is disconnected to prevent accidents. All current tankers of this type carry a single 

boom and can refuel a single receiver aircraft of this type at a time.  

In addition, there are some tankers that comprise a flying boom system and at 

least one hose and drogue system as well, and are commonly known as Multi-Point 15 

Refueling Systems (MPRS). In some cases a hose and drogue system is provided at the 

aircraft tail, and thus only this system or the flying boom system may be used at any one 

time. In other cases, two under-wing hose and drogue pods, known as Wing Air 

Refueling Pods (WARPs), can be provided, one under each wing, in addition to the 

flying boom system. 20 

The subject matter of the current application is in the same technological field as  

publications WO 2013/102906 A2 (Publication date 11 July 2013) and WO 

2013/102903 A2 (Publication date 11 July 2013), submitted by the same  applicants. 

Both applications are incorporated hereby by reference in their entirety. 

US 7,562,847 discloses an autonomous in-flight refueling hose end unit 25 

including a first end configured to be coupled to a fuel hose of a tanker aircraft and a 

second end configured to be coupled to receiver aircraft and adjustable control surfaces, 

and a flight control computer autonomously controls the control surfaces to fly the 

refueling hose end into contact with the receiver aircraft. 

In GB 2,237,251 an in flight refueling apparatus mountable on a tanker aircraft 30 

has a probe receptor coupled with a fuel line and is arranged to be deployed outboard of 
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the aircraft, and can be provided on a drogue or a boom. In one mode, the apparatus is 

arranged to provide a parameter which is representative of the deviation of the path of 

the receptor from a predetermined initial path for actuating control means for changing 

automatically the position of the receptor relative to the initial path. In another mode, a 

parameter which is representative of the relative angular position of the receptor with 5 

respect to the probe of an approaching refueling aircraft for actuating control means for 

changing automatically the relative angular position to achieve alignment of receptor 

and probe.  

Additional references considered to be relevant as background to the presently 

disclosed subject matter are listed below: US 2007/108339, US 2007/084968, US 10 

2006/065785, US 2006/043241, US 2006/060710, US 2006/060709, US 2005/224657, 

US 2004/102876, US 7,097,139, US 6,966,525, US 6,994,294, US 6,644,594, US 

5,906,336, US 5,785,276, US 5,499,784, US 5,326,052, US 4,282,909, US 4,126,162, 

US 4,072,283, US 3,948,626, US 3,091,419, US 3,059,895, US 2,954,190, US 

2,582,609, USD 439,876, DE 100 13 751. 15 

Acknowledgement of the above references herein is not to be inferred as 

meaning that these are in any way relevant to the patentability of the presently disclosed 

subject matter. 

The references cited above teach background information that may be applicable 

to the presently disclosed subject matter. Therefore the full contents of these 20 

publications are incorporated by reference herein where appropriate for appropriate 

teachings of additional or alternative details, features and/or technical background. 

 

SUMMARY OF THE INVENTION 

In accordance with a first aspect of the presently disclosed subject matter, there 25 

is presented a method of controlling maneuver of a refueling device, comprising: 

(a) providing a refueling device that is attached by means of a non-rigid 

hose to a component of an aircraft; the component is configured to selectively maintain 

a reference force on the hose, and a controller, associated with the refueling device, and 

comprising a processing circuitry to perform the following;    30 
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(b) obtaining  a desired position of the refueling device; 

(c) obtaining a current position of the refueling device; 

(d) determining, based on at least the current position and the desired 

position of the refueling device, whether to extend or retract the hose; 

(e) sending a command for adjusting the state of one or more force 5 

generating arrangements that are attached to the refueling device, causing the 

component of an aircraft to detect a changed force on the hose and to maintain the 

reference force on the hose, thereby changing the distance between the refueling device 

and the aircraft; 

(f) repeatedly performing (b) to (e) until the difference between the current 10 

position and the desired position of the refueling device is within a defined threshold. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is presented a method, wherein the command further comprises: 

in response to the determination being to extend the hose, a command for 

adjusting the state of one or more force generating arrangements, so as to increase the 15 

force on the hose, thereby causing the component of an aircraft to detect the increased 

force and to extend the hose so as to maintain the reference force on the hose, thereby 

increasing the distance between the refueling device and the aircraft; 

in response to the determination being to retract the hose, a command for 

adjusting the state of one or more force generating arrangements, so as to decrease the 20 

force on the hose, thereby causing the component of an aircraft to detect the decreased 

force and to retract the hose so as to maintain the reference force on the hose, thereby 

decreasing the distance between the refueling device and the aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is presented a method further comprising:  25 

in response to an indication of an update in the desired position, performing (b) to (f) of 

the first aspect of the presently disclosed subject matterin respect of the updated desired 

position. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is presented a method, further comprising:  30 

performing (b) to (f) of the presently disclosed subject matter, for at least one of the 

following desired positions: an at least one waiting point position, an updated waiting 

point position, a position of a receptacle located on a receiver aircraft, an updated 
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position of the receptacle, a safe disengagement position, an updated safe 

disengagement position and an at least one post-disengagement waiting point position. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is further presented a method performed for one or more additional receiver 

aircraft, whereby one or more receiver aircraft can be refueled. 5 

In accordance with an embodiment of the presently disclosed subject matter, 

there is presented a method further comprising:  

i. in response to an indication that the component changed to a response 

mode, whereby the component is configured to maintain the reference force on the hose, 

obtaining  at least one waiting point position at which the refueling device will await 10 

arrival of at least one receiver aircraft; 

ii. in respect of each one of the at least one waiting point positions: 

A. setting the waiting point position to constitute the desired position of the 

refueling device; 

B. performing (b) to (f) of the presently disclosed subject matter in respect 15 

of the waiting point position, and in case of an indication of an update in the waiting 

point position, setting the updated waiting point position to constitute the desired 

position of the refueling device and performing (b) to (f) in respect of the updated 

waiting point position,    

iii. in response to an indication that one of at least one receiver aircraft 20 

meets an engagement area specification condition, obtaining the position of a receptacle 

located on the receiver aircraft, setting the position of the receptacle to constitute the 

desired position of the refueling device, and  performing (b) to (f) in respect of the 

position of the receptacle, and in case of an indication of an update in the position of the 

receptacle, setting the updated position of the receptacle to constitute the desired 25 

position of the refueling device and performing (b) to (f) in respect of the updated 

position of the receptacle, for the purpose of reaching and then engaging the receptacle;        

iv. in response to an indication of engagement of the refueling device and 

the receptacle, obtaining a safe disengagement position, and setting the safe 

disengagement position to constitute the desired position of the refueling device; 30 

v. performing (b) to (f) in respect of the safe disengagement position, and in 

case of an indication of an update in the safe disengagement position, setting the 

updated safe disengagement position to constitute the desired position of the refueling 
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device and performing (b) to (f) in respect of the updated safe disengagement position; 

and   

vi. in response to an indication of disengagement of the refueling device and 

the receptacle, performing, for each next receiver aircraft of at least one receiver 

aircraft: 5 

A. obtaining at least one post-disengagement waiting point position;  

B. performing (ii) to (v), wherein each one of the at least one post-

disengagement waiting point position constitutes each one of the at least one waiting 

point positions;  

whereby one or more receiver aircraft can be refueled. 10 

In accordance with an embodiment of the presently disclosed subject matter, 

there is further presented a method wherein the receptacle is a fuel receptacle.      

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the safe disengagement position is the 

current position of the refueling device adjusted by an offset. 15 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the determining whether to extend or 

retract the hose, is based also on at least one of the current velocity of the refueling 

device and the current acceleration of the refueling device. 

In accordance with an embodiment of the presently disclosed subject matter, 20 

there is yet further presented a method, wherein the adjusting the state of the force 

generating arrangements is performed while factoring  at least one of the current 

velocity of the refueling device and the current acceleration of the refueling device. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method, wherein the desired position and current 25 

position are distances from the component of an aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method, wherein the distances are in the direction fore 

and aft. 

In accordance with an embodiment of the presently disclosed subject matter, 30 

there is yet further presented a method wherein the distances are between the refueling 

device and the point where the hose exits one of the components of the aircraft or the 

aircraft. 
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In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the component of an aircraft is a hose 

winding component capable of being attached to at least one of: the aircraft and a pod 

which is attached to the aircraft.  

In accordance with an embodiment of the presently disclosed subject matter, 5 

there is yet further presented a method wherein the hose winding component is a Host 

Drum Unit (HDU).  

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the aircraft is a tanker aircraft, the hose 

is a fuel hose, the refueling device includes a fuel delivery nozzle and the refueling 10 

device is capable of engaging and refueling the receiver aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the receiver aircraft is a combat aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the refueling device is unmanned. 15 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the refueling device does not include an 

independent means of propulsion. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a method wherein the method is performed autonomously 20 

by the refueling device. 

In accordance with a second aspect of the presently disclosed subject matter, 

there is yet further presented a system capable of controlling maneuver of a refueling 

device, comprising: a controller, associated with the refueling device; wherein the 

refueling device is capable of being attached by means of a non-rigid hose to a 25 

component of an aircraft, wherein the component is configured to maintain a reference 

force on the hose; the controller comprising a processing circuitry and configured to: 

(a) obtain  a desired position of the refueling device; 

(b) obtain a current position of the refueling device; 

(c) determine, based on at least the current position and the desired position 30 

of the refueling device, whether to extend or retract the hose; 

(d) send a command for adjusting the state of one or more force generating 

arrangements that are attached to the refueling device, causing the component of an 
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aircraft to detect a changed force on the hose and to maintain the reference force on the 

hose, thereby changing the distance between the refueling device and the aircraft; 

(e) repeatedly perform (a) to (d) until the difference between the current 

position and the desired position of said refueling device is within a defined threshold. 

In accordance with an embodiment of the presently disclosed subject matter, 5 

there is yet further presented a system, wherein the command further comprises: 

in response to the determination being to extend the hose, a command for 

adjusting the state of one or more force generating arrangements, so as to increase the 

force on the hose, thereby causing the component of an aircraft to detect the increased 

force and to extend the hose so as to maintain the reference force on the hose, thereby 10 

increasing the distance between the refueling device and the aircraft; 

in response to the determination being to retract the hose, a command for 

adjusting the state of one or more force generating arrangements, so as to decrease the 

force on the hose, thereby causing the component of an aircraft to detect the decreased 

force and to retract the hose so as to maintain the reference force on the hose, thereby 15 

decreasing the distance between the refueling device and the aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system, wherein the controller is further configured to:  

in response to an indication of an update in the desired position, perform  (a) to (e) of 

the second aspect of the presently disclosed subject matter in respect of the updated 20 

desired position. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system, wherein the controller is further configured to: 

repeatedly perform said (a) to (e) of the second aspect of the presently disclosed subject 

matter, for at least one of the following desired positions: an at least one waiting point 25 

position, an updated waiting point position, a position of a receptacle located on a 

receiver aircraft, an updated position of the receptacle, a safe disengagement position, 

an updated safe disengagement position and an at least one post-disengagement waiting 

point position. 

In accordance with an embodiment of the presently disclosed subject matter, 30 

there is yet further presented a system, wherein the controller is further configured to: 

i. in response to an indication that the component changed to a response mode, 

whereby the component is configured to maintain the reference force on the 
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hose, obtain  at least one waiting point position at which the refueling device 

will await arrival of at least one receiver aircraft; 

ii. in respect of each one of the at least one waiting point positions: 

A. set the waiting point position to constitute the desired 

position of the refueling device; 5 

B. perform (a) to (e) of the second aspect of the presently 

disclosed subject matter in respect of the waiting point 

position, and in case of an indication of an update in the 

waiting point position, set the updated waiting point position 

to constitute the desired position of the refueling device and 10 

perform (a) to (e) in respect of the updated waiting point 

position,    

iii. in response to an indication that one of at least one receiver aircraft meets 

an engagement area specification condition, obtain the position of a receptacle 

located on the receiver aircraft, set the position of the receptacle to constitute 15 

the desired position of the refueling device, and  perform (a) to (e) in respect of 

the position of the receptacle, and in case of an indication of an update in the 

position of the receptacle, set the updated position of the receptacle to 

constitute the desired position of the refueling device and perform (a) to (e)  in 

respect of the updated position of the receptacle, for the purpose of reaching 20 

and then engaging the receptacle;        

iv. in response to an indication of engagement of the refueling device and the 

receptacle, obtain a safe disengagement position, and set the safe 

disengagement position to constitute the desired position of the refueling 

device; 25 

v. performing (a) to (e) in respect of the safe disengagement position, and in 

case of an indication of an update in the safe disengagement position, set the 

updated safe disengagement position to constitute the desired position of the 

refueling device and perform (a) to (e) in respect of the updated safe 

disengagement position; and   30 

vi. in response to the indication of disengagement of the refueling device and 

the receptacle, perform, for each next receiver aircraft of at least one receiver 

aircraft: 
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A. obtain at least one post-disengagement waiting point 

position; 

B. perform (ii) to (v), wherein each one of the at least one 

post-disengagement waiting point position constitutes each 

one of the at least one waiting point positions;  5 

whereby one or more receiver aircraft can be refueled. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system further comprising at least one of: 

i) a response mode control module, configured to automatically perform 

steps (a) to (e) of the second aspect of the presently disclosed subject matter while the 10 

refueling device is not engaged with the receptacle; 

ii) an engaged-response mode control module, configured to 

automatically perform (a) to (e) while the refueling device is engaged with the 

receptacle; 

iii) a sensor control module, configured to operate position sensors;  15 

iv) an actuators interface module, configured to send the command for 

adjusting  the state of one or more force generating arrangements. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is presented a system further comprising an engagement/disengagement control 

module, configured to provide at least one of: an engagement command to the refueling 20 

device for causing the refueling device to engage with the receptacle, and a 

disengagement command to the refueling device for causing the refueling device  to 

disengage from the receptacle. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the determination is provided by one of a 25 

Proportional Integral (PI) Controller and a Proportional Integral Derivative (PID) 

controller, comprised in the processing circuitry. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the controller receives as input at least 

one of: the desired position of the refueling device; the current position of the refueling 30 

device; a rate of movement of the refueling device; an acceleration of the refueling 

device; an indication of engagement state; and an indication of current component 

winding mode.  



 - 11 - 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the desired position and current position 

are distances from the component of an aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the distances are in the direction fore and 5 

aft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the distances are between the refueling 

device and the point where the hose exits one of the components of the aircraft or the 

tanker aircraft.      10 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the component of an aircraft is a hose 

winding component capable of being attached to at least one of: the aircraft and a pod 

which is attached to the aircraft.  

In accordance with an embodiment of the presently disclosed subject matter, 15 

there is yet further presented a system wherein the hose winding component is a Host 

Drum Unit (HDU).  

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a system wherein the aircraft is a tanker aircraft, the hose 

is a fuel hose, the refueling device includes a fuel delivery nozzle and the refueling 20 

device is capable of engaging and refueling the receiver aircraft. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a spatial control system, comprising: the controller and at 

least one of a data store coupled to the controller; one or more position sensors coupled 

to the controller; one or more engagement sensors coupled to the controller; one or 25 

more external data sources coupled to the controller; one or more force generating 

arrangements; actuators for the one or more force generating arrangements coupled to 

the controller and coupled to the one or more force generating arrangements; one or 

more other adjustable control surfaces; and one or more actuators for the one or more 

other adjustable control surfaces coupled to the controller and coupled to the one or 30 

more other adjustable control surfaces. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a refueling device for use in in-flight refueling operation, 
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comprising: a selectively steerable body configured for being towed by the aircraft via a 

hose at least during in-flight refueling, and comprising force generating arrangements 

configured to enable a change in the force on the hose; and the controller. 

In accordance with a third aspect of the presently disclosed subject matter, there 

is yet further presented a non-transitory program storage device readable by a computer 5 

tangibly embodying computer readable instructions executable by the computer to 

perform a method for controlling maneuver of a refueling device that is attachable by 

means of a non-rigid hose to a component of an aircraft, wherein the component is 

configured to selectively maintain a reference force on the hose; the method 

comprising: 10 

(a) obtaining  a desired position of the refueling device; 

(b) obtaining a current position of the refueling device; 

(c)  determining, based on at least the current position and the desired 

position of the refueling device, whether to extend or retract the hose; 

(d) sending a command for adjusting the state of one or more force 15 

generating arrangements that are attached to the refueling device, causing the 

component of an aircraft to detect a changed force on the hose and to maintain the 

reference force on the hose, thereby changing the distance between the refueling device 

and the aircraft; 

(e) repeatedly performing (a) to (d) until the difference between the current 20 

position and the desired position of said refueling device is within a defined threshold. 

In accordance with an embodiment of the presently disclosed subject matter, 

there is yet further presented a non-transitory program storage device, wherein the 

command further comprises: 

in response to the determination being to extend the hose, a command for 25 

adjusting the state of one or more force generating arrangements, so as to increase the 

force on the hose, thereby causing the component of an aircraft to detect the increased 

force and to extend the hose so as to maintain the reference force on the hose, thereby 

increasing the distance between the refueling device and the aircraft; 

in response to the determination being to retract the hose, a command for 30 

adjusting the state of one or more force generating arrangements, so as to decrease the 

force on the hose, thereby causing the component of an aircraft to detect the decreased 
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force and to retract the hose so as to maintain the reference force on the hose, thereby 

decreasing the distance between the refueling device and the aircraft. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the presently disclosed subject matter and to see how it 5 

can be carried out in practice, examples will now be described, by way of non-limiting 

example only, with reference to the accompanying drawings, in which: 

Figs. 1a and 1b are top and side views of an example of a tanker system that 

includes a refueling device, in accordance with certain embodiments of the presently 

disclosed subject matter. 10 

Fig. 2 is an isometric view of an example of a refueling device, in accordance 

with certain embodiments of the presently disclosed subject matter. 

Fig. 3a is a block diagram schematically illustrating a system configured for 

controlling maneuver of a refueling device, in accordance with certain exemplary 

embodiments of the presently disclosed subject matter. 15 

Fig. 3b is a block diagram schematically illustrating processing circuitry 

configured for controlling maneuver of a refueling device, in accordance with certain 

exemplary embodiments of the presently disclosed subject matter. 

Fig. 4a and 4b are an isometric view of another example of a refueling device, 

in accordance with certain embodiments of the presently disclosed subject matter. 20 

Figs. 5a to 5c illustrate a generalized example scenario of maneuver of a 

refueling device, in accordance with certain embodiments of the presently disclosed 

subject matter. 

Figs. 6a to 6c illustrate a generalized example scenario of maneuver of a 

refueling device movement, in accordance with certain embodiments of the presently 25 

disclosed subject matter. 

Figs. 7a to 7c illustrate a generalized example scenario of maneuver of a 

refueling device, in accordance with certain embodiments of the presently disclosed 

subject matter. 
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Fig. 8a illustrates a flowchart of an example generalized sequence of operations 

carried out for maneuvering a refueling device to a desired position, in accordance with 

certain embodiments of the presently disclosed subject matter. 

Fig. 8b schematically illustrates generalized processing circuitry configured for 

controlling maneuver of a refueling device to a desired position, in accordance with 5 

certain exemplary embodiments of the presently disclosed subject matter. 

Fig. 9 illustrates a generalized example scenario of maneuver of a refueling 

device, in accordance with certain embodiments of the presently disclosed subject 

matter. 

Fig. 10 illustrates an example scenario of maneuver of a refueling device, in 10 

accordance with certain embodiments of the presently disclosed subject matter. 

Figs. 11a to 11b illustrate a generalized example scenario of refueling device 

control while engaged with a receiver aircraft, in accordance with certain embodiments 

of the presently disclosed subject matter. 

Figs. 12a to 12b illustrate a generalized example scenario of maneuver of a 15 

refueling device, in accordance with certain embodiments of the presently disclosed 

subject matter. 

Fig. 13 illustrates a generalized flowchart of an example simplified sequence of 

operations carried out for maneuver of a refueling device, in accordance with certain 

embodiments of the presently disclosed subject matter. 20 

Fig. 14 illustrates a generalized flowchart illustrating of an example simplified 

sequence of operations carried out for maneuver of a refueling device, in accordance 

with certain embodiments of the presently disclosed subject matter. 

Figs. 15a to 15b illustrate a generalized example scenario of maneuver of a 

refueling device, in accordance with certain embodiments of the presently disclosed 25 

subject matter. 

Figs. 16a to 16b illustrate generalized flowcharts of example simplified 

sequences of operations carried out for maneuver of a refueling device, in accordance 

with certain embodiments of the presently disclosed subject matter. 

 30 
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DETAILED DESCRIPTION OF THE DRAWINGS 

In the drawings and descriptions set forth, identical reference numerals indicate 

those components that are common to different embodiments or configurations. 

In the following detailed description, numerous specific details are set forth in 

order to provide a thorough understanding of the invention.  However, it will be 5 

understood by those skilled in the art that the presently disclosed subject matter may be 

practiced without these specific details.  In other instances, well-known methods, 

procedures, components, circuits and protocols have not been described in detail so as 

not to obscure the presently disclosed subject matter. 

Unless specifically stated otherwise, as apparent from the following discussions, 10 

it is appreciated that throughout the specification discussions utilizing terms such as 

"maneuvering", "steering", "aligning", "determining", "calculating", "providing", 

"causing", "activating", "receiving", "acquiring", "comparing", "obtaining", “updating”, 

"changing", "processing" or the like, include action(s) and/or processes of a computer 

that manipulate and/or transform data into other data, said data represented as physical 15 

quantities, e.g. such as electronic or mechanical quantities, and/or said data representing 

the physical objects.  The term “computer” should be expansively construed to cover 

any kind of hardware-based electronic device with data processing capabilities, 

including, by way of non-limiting example, a personal computer, a server, a computing 

system, a communication device, a processor or processing unit (e.g. digital signal 20 

processor (DSP), a microcontroller, a microprocessor, a field programmable gate array 

(FPGA), an application specific integrated circuit (ASIC), etc.), any other electronic 

computing device, including, by way of non-limiting example, the processing circuitry 

therein, such as for example the processing circuitry 350 (further detailed herein with 

regard to Fig. 3b) and the PID Controller processing circuitry 8000 (further detailed 25 

herein with regard to Fig. 8b), disclosed in the present application.     

The operations in accordance with the teachings herein may be performed by a 

computer specially constructed for the desired purposes, or by a general-purpose 

computer specially configured for the desired purpose by a computer program stored in 

a non-transitory computer-readable storage medium. 30 
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Embodiments of the presently disclosed subject matter are not described with 

reference to any particular programming language.  It will be appreciated that a variety 

of programming languages may be used to implement the teachings of the presently 

disclosed subject matter as described herein. 

The terms "non-transitory memory" and “non-transitory storage medium” used 5 

herein should be expansively construed to cover any volatile or non-volatile computer 

memory suitable to the presently disclosed subject matter.   

As used herein, the phrase "for example," "such as", "for instance" and variants 

thereof describe non-limiting embodiments of the presently disclosed subject matter. 

Reference in the specification to "one case", "some cases", "other cases", "one 10 

example", "some examples", "other examples" or variants thereof means that a 

particular described method, procedure, component, structure, feature or characteristic 

described in connection with the embodiment(s) is included in at least one embodiment 

of the presently disclosed subject matter, but not necessarily in all embodiments.  The 

appearance of the same term does not necessarily refer to the same embodiment(s) or 15 

example(s). 

Usage of conditional language, such as “may”, “might”, or variants thereof 

should be construed as conveying that one or more examples of the subject matter may 

include, while one or more other examples of the subject matter may not necessarily 

include, certain methods, procedures, components and features. Thus such conditional 20 

language is not generally intended to imply that a particular described method, 

procedure, component or circuit is necessarily included in all examples of the subject 

matter. Moreover, the usage of non-conditional language does not necessarily imply that 

a particular described method, procedure, component or circuit is necessarily included 

in all examples of the subject matter. 25 

It is appreciated that certain embodiments, methods, procedures, components or 

features of the presently disclosed subject matter, which are, for clarity, described in the 

context of separate embodiments or examples, may also be provided in combination in a 

single embodiment or examples. Conversely, various embodiments, methods, 

procedures, components or features of the presently disclosed subject matter, which are, 30 

for brevity, described in the context of a single embodiment, may also be provided 

separately or in any suitable sub-combination.  



 - 17 - 

It should also be noted that each of the figures herein, and the text discussion of 

each figure, describe one aspect of the presently disclosed subject matter in an 

informative manner only, by way of non-limiting example, for clarity of explanation 

only.  It will be understood that that the teachings of the presently disclosed subject 

matter are not bound by what is described with reference to any of the figures  or 5 

described in other documents referenced in this application. 

Bearing this in mind, attention is now drawn to Fig. 1a, illustrating an example 

of a tanker system, in accordance with certain embodiments of the presently disclosed 

subject matter. A tanker system according to one example of the presently disclosed 

subject matter, generally designated 10, comprises a tanker aircraft 12 (also referred to 10 

interchangeably herein as first aircraft or as a tanker) comprising one or more in-flight 

refueling systems 50. In this example, the tanker aircraft 12 has three such in-flight 

refueling systems 50, one comprised on each one of the port wing 14 and starboard 

wing 16, and a third one comprised on the rear portion of the fuselage 15, and the tanker 

aircraft 12 is configured for in-flight concurrent refueling of up to three receiver aircraft 15 

20.  In alternative variations of this example, the tanker aircraft 12 may have at least 

one, or two, or more than three in-flight refueling systems 50, arranged in any suitable 

configuration with respect to the tanker aircraft 12.  

By way of non-limiting example, the tanker aircraft may be an Unmanned Aerial 

Vehicle (UAV), and/or at least one of the receiver aircraft 20 may be a UAV. 20 

  Each in-flight refueling system 50 may comprise an elongate, non-rigid, fuel 

delivery hose 52 (also referred to interchangeably herein simply as a hose), reversibly 

extendible from the tanker aircraft 12.  A first end (not shown) of the hose 52 is connected 

to a refueling fuel tank (not shown) carried by the tanker aircraft 12. For example, such a 

refueling fuel tank can be an internal fuel tank of the tanker aircraft 12, for example the 25 

tanker aircraft’s own fuel tanks, or a special fuel reservoir mounted internally in the tanker 

aircraft 12, for example in the fuselage, or externally and carried in fuel pods, for example.  

Attention is now drawn to Fig. 1b, showing a side view of the tanker system 10, in 

accordance with certain exemplary embodiments of the presently disclosed subject matter. 

The fuel hose 52 is flexible, and may be attached to and can be retracted into a component, 30 

150, e.g. a roll up drum, suitably provided in the tanker aircraft 12. The hose 52 can be 

selectively deployed therefrom when required. In some embodiments, this component or 
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drum is called a drum unit, Hose Drum Unit, or Hose and Drogue Unit (HDU) 150. This 

component in some embodiments is capable of being attached to or stored in or located 

within a pod 51.  Such pods may be mounted on wings of the tanker 12 in certain 

embodiments, and in such a case may be referred to as Wing Air Refueling Pods 

(WARPs).  In some embodiments, the component may be capable of being attached or 5 

mounted directly onto the tanker aircraft 12.  The second (aft) end 54 of hose 52 may be 

operatively connected or coupled to a respective refueling device 100, an aerodynamic 

body that is towed in a forward direction A by the tanker aircraft 12 via the hose, when the 

hose is extended and the tanker aircraft is in flight. Thus, the refueling device 100 is 

capable of being attached to the HDU component 150 by means of hose 52.  The refueling 10 

device may be towed by the tanker aircraft at least during in-flight refueling. 

In the example depicted in Fig. 1a, one in-flight refueling system 50 is centrally-

located and mounted with respect to the rear fuselage of the tanker aircraft 12, and each of 

the other two in-flight refueling systems 50 is comprised in a respective pod 51 that is 

attached to the underside of the respective wing.  Other configurations are of course 15 

possible. 

Fig. 1a also shows second aircraft 20 approaching the first aircraft 12, in order to 

connect to the refueling device 100, so as to refuel, according to some embodiments of the 

current subject matter.  These second aircraft are also referred to interchangeably herein as 

receiver aircraft. In the example shown in the figure, two such receiver aircraft 20 are 20 

approaching tanker aircraft 12.  Note, as shown in the example depiction of Fig. 1a, that 

the receiver aircraft 20 may be of various types and sizes.  In some embodiments, the 

receiver aircraft may be combat aircraft of various types (fighters, bombers, 

reconnaissance aircraft, drones etc.).   In some embodiments, there is at least one 

receptacle 22, which may be a fuel receptacle, on a receiver aircraft.  The refueling device 25 

may be capable of engaging and refueling. The refueling device 100 and the fuel 

receptacle 22 may connect or engage or mate, and this can enable transfer of fuel from 

tanker aircraft 12 to receiver aircraft 20 via fuel receptacle 22. 

In the example of Fig. 1a, no receiver aircraft has approached the refueling device 

100 on starboard wing 16.  This absence of a receiver aircraft is noted in the figure by the 30 

reference 20 composed of dashed lines.  The figure further shows several other receiver 

aircraft 30, waiting for a refueling process to be completed for receiver aircraft 20, and 
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thus, in their turn, approach the tanker aircraft 12 and undergo a refueling process.  In the 

example of Fig. 1a, there are three such waiting receiver aircraft 30. 

The refueling device 100 is also referred to interchangeably herein as fueling 

device, a device, or a boomless. The latter term may refer, for example, to device 100 

enabling refueling using a hose rather than a flying boom.    Refueling device 100 may 5 

be referred to interchangeably herein also as a drone, a refueling drone or a fueling 

drone, or as an Unmanned Aerial Vehicle (UAV), although it is understood that it could 

be a manned vehicle.  Device 100 may also referred to interchangeably herein as a non-

aircraft-fixed in-flight refueling device, and similarly system 50 may be referred to as a 

non-aircraft-fixed in-flight refueling system.  In some example embodiments, refueling 10 

device 100 may move, and adjust its control surfaces, automatically in response to 

commands from external sources, while in some cases (when all the necessary 

components are fitted within the refueling device 100) it may do so autonomously, or 

based on a combination of autonomous determinations and external indications.  

Refueling device 100 includes a selectively steerable body, as further detailed herein.  15 

Note that throughout the description and the claims, reference is made 

interchangeably to the terms position, spatial relationship and spatial disposition. These 

terms or the like can relate to spatial distances, spatial angles (including orientations and 

attitudes), or any other spatial reference that is used for characterizing a spatial 

relationship between two objects, e.g. between any two of the following: the tanker 20 

aircraft 12 and the component 150, the receiver aircraft 20 (and a fuel receptacle 22 

thereof), the refueling device 100 and the boom member 230B. 

Referring now to Fig. 2, it illustrates one example embodiment of a refueling 

device in accordance with certain embodiments of the presently disclosed subject matter, 

generally designated 100, for use with a non-aircraft-fixed in-flight refueling system, for 25 

example at least one of the in-flight refueling systems 50 illustrated in Figs. 1a and 1b.    

  The example refueling device 100 is affixed to the aft end 54 of hose 52.  The 

device 100 may have, in some embodiments, a fuel delivery nozzle 236B, (referred to 

herein interchangeably also as fuel nozzle or simply nozzle) which may engage the 

receptacle 22 of the receiver aircraft 20.  The nozzle 236B of refueling device 100 is 30 

configured for and is capable of reversibly engaging with the fuel receptacle 22, and of 
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enabling transfer of fuel between the tanker 12 and the receiver aircraft 20.  The nozzle can 

include any known per se design of such an in-flight refueling nozzle. In some 

embodiments, the fuel nozzle may be at the end of a boom member 230B, constituting part 

of the refueling device 100, which may be used to enable the engagement. 

The refueling device may include in some embodiments one or more adjustable 5 

aerodynamic control surfaces of various types, which enable and assist in selectively 

steering the body of the refueling device. (These are referred to herein interchangeably also 

as control surfaces.) These may include control surfaces 220A, which may be for example 

elevators, ailerons, and/or elevons; control surfaces 220B, which may be for example 

rudders; and/or control surfaces 220C, which may be for example canards or vanes.  The 10 

number of control surfaces of each type may vary.   They may be positioned at various 

locations fore and/or aft along the refueling device, connected to the device at various 

possible angles.  These control surfaces may in some cases move with the aid of actuators, 

not shown in the figure.      

Note that the above example description is but one example representation of the 15 

structure and shape of refueling device 100.  Note that various example embodiments of 

such a refueling device, and possible physical structures for such a device, are described 

in publications WO 2013/102906 A2 (Publication date 11 July 2013) and WO 

2013/102903 A2 (Publication date 11 July 2013).  See for instance pages 48-84 and 

drawings referenced there. Therefore the full contents of these publications are 20 

incorporated by reference herein where appropriate for appropriate teachings of 

additional or alternative details, features and/or technical background. 

In some examples, the refueling device may have its own propulsion method, e.g. 

an engine (not shown). In other examples, the refueling device may not include an 

independent means of propulsion. It may have power, e.g. autonomous from a component 25 

on the refueling device, to allow movement and adjustment of the various actuators of 

control surfaces. 

Refueling device 100 may also include in some embodiments one or more 

sensors of various types, which are indicated in the figure in a generalized way as 240.   

Sensors are discussed further e.g. with regard to Figs. 3. Refueling device 100 may also 30 

include a controller 305 and a data store 310.  Example functions of the sensors, the 
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controller and the data store  as well as possible locations for placement of these 

systems, are further detailed herein, with respect to Figs. 3. 

In some embodiments, refueling device 100 may further include an airbrakes 

system, including one or more selectively and reversibly deployable airbrakes 250. The 

airbrakes may be attached to the refueling device 100. The airbrakes may be moved by 5 

actuators or actuation mechanisms  (not shown in the figure) connected to refueling device 

100.  The airbrakes and the actuators may be controlled by controller 305.   

Before turning to Fig. 3, attention is drawn to Figs. 4a and 4b, which  illustrate  

one exemplary embodiment of a physical configuration of a refueling device 100 and 

airbrakes 250, in accordance with certain embodiments of the presently disclosed subject 10 

matter.  In some embodiments, airbrakes can be configured to selectively induce or 

generate a drag force on the refueling device 100.  In some embodiments, opening the 

airbrakes may refer to adjusting them so as to increase drag force, and closing the airbrakes 

may refer to adjusting them so as to decrease drag force.   

In the particular embodiment shown in the figures, the airbrake is of a drogue 15 

structure 250, for example an umbrella-like form, in which drag is a function of the 

opening angle. The drogue structure 250 has a closed configuration, in which drogue 

structure 250 generates minimum drag, and an open configuration, in which drogue 

structure 250 generates more drag than in the closed configuration, up to a maximum drag.  

As will be described, in some embodiments, this change of drag force may in turn induce a 20 

tension force in the hose 52, which may in turn help to enable the refueling device 100 to 

move axially fore and aft, along the longitudinal axis of the flight of tanker aircraft 12.  

Fig. 4a illustrates the airbrake substantially in a fully open position, in which the 

maximum drag force, of which the particular airbrake is capable, is being applied to the 

refueling device 100. Fig. 4b illustrates the airbrake substantially in a fully closed position, 25 

in which a very minimal drag force is being applied to the refueling device 100.  The 

airbrakes may be adjusted to continuous intermediate positions or states, that are between 

those shown in Figs. 4 and 4b, so as to provide varying levels of drag on a continuum. 

Other embodiments of airbrakes are also possible.  Also, for simplicity of 

exposition, the present description herein is with reference to the example of airbrakes 30 

whose position is adjusted.  These can include, for example, control surfaces that can 

extend out to varying positions, and/or to be pivoted to different angles of deflection, so as 
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to interfere with the airstream to various degrees, and thus selectively induce a drag force 

on the refueling device 100.  In some embodiments, airbrakes are control surfaces that are 

opened in all directions, so as to induce drag without causing yaw, roll and/or pitch.  Note 

also that Figs. 4 show a different physical embodiment of refueling device 100 than is 

shown in Fig. 2.  In some embodiments, the airbrakes may be characterized for example as 5 

described in the previously-mentioned publication WO 2013/102903 A2, for example in 

parts of pages 59-61, 64, 71, 78-79 and in related figures.  In addition, throughout the 

present disclosure the term "airbrake" or "airbrakes" may refer to one or more airbrakes, of 

one or possibly more types, as may be utilized in a particular embodiment.   

Though the subject matter is described herein with reference to the specific 10 

example of airbrakes, it should be noted that airbrakes are one example of a force 

generating arrangement or force inducing arrangement that can be configured to 

selectively generate or induce forces on the refueling device, thereby inducing forces on 

the hose, and also to modify the level of those forces.  In some embodiments, where the 

relevant force is drag, such an arrangement may be referred to as a selectively-modifiable 15 

drag-modifying arrangement or drag-inducing arrangement. This might include, in 

addition to for example airbrakes of various types, reverse thrusters which apply a varying 

force in the direction opposite to the direction A of movement of the tanker 12.  Thus, 

wherever reference is made to adjusting the position of airbrakes, it should be understood 

to include as well the adjusting of the angle of deflection of airbrakes, and/or the adjusting 20 

of the state of, or the configuration of, one or more force generating arrangements that 

generate or induce or modify forces, such as for example drag.  

Turning to Figs. 3, there is now provided a description of certain examples of 

systems for controlling in-flight refueling. 

Reference is now made to Fig. 3a, which is a block diagram schematically 25 

illustrating an example system for maneuvering a refueling device, in accordance with 

certain embodiments of the presently disclosed subject matter.  In some examples, 

spatial control system 300 may include at least one controller 305, in addition to other 

components.  

The controller 305 may in some examples be a computer.  It may, by way of 30 

non-limiting example, comprise processing circuitry 350 (further detailed herein with 
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regard to Fig. 3b) or PID Controller processing circuitry 8000 (further detailed herein 

with regard to Fig. 8b).  The controller 305 may include a plurality of controllers, 

possibly in a distributed architecture, which are adapted to independently and/or 

cooperatively operate to process various data,  electrical and/or mechanical inputs (after 

being converted into electrical or possibly digital form), for controlling the relevant 5 

components of spatial control system 300 and for enabling operations related to spatial 

control system 300 components.  In some other examples, the controller 305 can be a 

fully mechanical system.  In some cases multiple instances of controller 305, or of a 

particular component or module within it, may be utilized for reasons of redundancy 

and availability.  Other components of spatial control system 300 may likewise be 10 

implemented as multiple instances, for the same reasons.  In some cases, the 

controller(s) 305, and/or the entire spatial control system 300, can be centrally located 

in one of, or alternatively can be distributed among more than one of, the refueling 

device 100 the receiver aircraft 20, the tanker aircraft 12 and/or any other location, 

including remote locations such as for example a separate airborne/seaborne or land-15 

located system (e.g. on land vehicles, airports and bases).  The communication between 

the various components of the spatial control system 300, and between various 

components of controller 305 (in cases where it is not located entirely in one location) 

can be realized by any signaling system or communication components, protocols and 

modules, and can be wired and/or wireless.  20 

The controller 305 may be operatively coupled or connected to, or associated 

with, at least one position sensor 320 and can be configured to control the operation of 

the position sensor 320. This may be a local positioning system, that determines 

position of the refueling device relative to e.g. the tanker aircraft – e.g. camera or Light 

Detection And Ranging (LIDAR).  In some embodiments, the sensors 320 may be 25 

characterized for example as described in the previously-mentioned publication WO 

2013/102903 A2, for example in parts of pages 82-85.  In some cases, multiple sensors 

can be utilized, including, for example, a combination of different sensor types, or 

multiple redundant sensors of the same type.   In some embodiments, one or more of the 

position sensors are able to measure or determine the refueling device's 100 current 30 

distance from the tanker aircraft 12 or from component 150, and/or from the receiver 

aircraft 20, and its position and attitude relative to that of the tanker aircraft and/or that 

of the receiver aircraft.     
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It should be mentioned at this point that terms such as "distance from the tanker" 

or "distance from the HDU component" may be used here for simplicity.  However, the 

distance of interest that is being measured, and the distance to which the controller 305 

may try to move the refueling device, may strictly speaking be the distance between a 

particular point on the refueling device 100 and the point where the hose exits the 5 

component 150 or the tanker aircraft 12, as the case may be, for example the point 

where the hose exits the component or the aircraft into the air. 

Similarly, in some embodiments the controller 305 may be operatively coupled 

or connected to, or associated with, at least one engagement and/or disengagement 

sensor 323.  In some embodiments, sensor 323 detects engagement and/or 10 

disengagement between the device 100 and the receptacle 22 of receiver aircraft 20.  

Note that in some embodiments separate engagement sensors 326 and disengagement 

sensors 328 may exist. 

The controller 305 may be operatively connected or coupled to, or associated 

with, one or more other sensors 321.  Examples of these sensors may include 15 

accelerometers, through which refueling device acceleration may be obtained and used 

as further detailed herein. 

The controller 305 may in some embodiments be operatively coupled or 

connected to, or associated with, one or more data stores, data repositories or memories 

310.  The data store may include a memory or storage or database, including at least: 20 

reference geometrical data of the shape of at least part of each relevant type or model of 

receiver aircraft 20, in particular the fuel receptacle 22, to assist in maneuvering the 

device 100 towards receiver aircraft 20. According to examples of the presently 

disclosed subject matter, the data store 310 can include configuration data related to a 

refueling volume and an engagement enabling position.  The preceding are non-limiting 25 

examples of data that may be stored in the data store 310.  Some additional examples 

are further detailed herein.  Those skilled in the art will also readily appreciate that, like 

other components of spatial control system 300, the data stores 310 can be consolidated 

or divided in another manner, and that data stores, repositories and databases can be 

shared with other systems or be provided by other systems. 30 

The controller 305 may in some embodiments be optionally operatively coupled 

or connected to one or more external data sources 325.  Non-limiting examples of such 
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external data sources may be systems located on the tanker aircraft 12, on one or more 

receiver aircraft 20, and/or systems located at another location, including remote 

locations.  Non-limiting examples of data to be exchanged between controller 305 and 

external data sources 325 may include, among others, desired position of the refueling 

device 100, current position of the device 100, information concerning various waiting 5 

point positions, refueling engagement areas and safe disengagement positions.  They 

may also include indications of changes in the component 150 mode, and/or of entry of 

receiver aircraft into refueling volumes.  These parameters are further detailed herein.  

Similarly, it is possible that some or all of the sensors 320, 321 and 323, and/or the data 

store 310, may be located externally to the refueling device, and/or may not be co-10 

located with controller 305, and may communicate with the controller as examples of 

external data sources 325.  In some embodiments, the one-way and/or two-way (as 

needed) communication between external data sources and each other, and/or between 

external data sources and for example controller 305 associated with the refueling 

device 100, may be performed using known wired or wireless communications or 15 

signaling systems and protocols, or possibly a combination of the two. 

Therefore, whenever the presently disclosed subject matter describes, for example, 

receipt of an indication of an event or of a change of state, or issuing of a command, in 

some embodiments this indication or command is provided by external systems or data 

sources 325, while in other embodiments it may be provided by e.g. the controller, a co-20 

located sensor or co-located data store.  Similarly, these indications may, depending on the 

embodiment, be e.g. provided automatically by systems, or based on a manual command 

issued by a human operator.  A non-limiting list of example parameters and commands 

that can be provided in such manner includes the following:  change of component mode, 

current position of refueling device, any of the desired positions of refueling device 25 

described herein, change or update to the desired position, arrival at desired position, 

arrival of receiver aircraft at a refueling volume, beginning approach to receiver aircraft, 

arrival at an engagement enabling position, command to actuate force members so as to 

engage/disengage, occurrence of engagement/disengagement, and whether or not the 

refueling device should wait for another receiver aircraft.  30 

The controller 305 may in some embodiments be operatively coupled or connected 

to, or associated with one or more actuators or actuation mechanisms, and be capable of 
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sending commands, for example to them, whether directly or indirectly.  In some 

embodiments, these actuators include one or more airbrakes actuators 330, which can 

control, adjust and move one or more airbrakes 250.  In some embodiments, these 

actuators include one or more actuators for other control surfaces 333 which can control, 

adjust and move one or more other adjustable control surfaces 220A, 220B and/or 220C).  5 

In some embodiments, the actuators 330 and 333 may receive electrical signals coming 

e.g. from controller 305, and convert these commands to mechanical motions of the 

airbrakes 250 and of at least the other control surfaces 220A-220C.  Other 

implementations may exist for sending commands from a controller for adjusting the state 

of the airbrakes. 10 

Reference is now made to Fig. 3b, which presents a generalized block diagram 

schematically illustrating one possible implementation of a controller, in accordance with 

certain exemplary embodiments of the presently disclosed subject matter. The controller 

may comprise processing circuitry 350.  Processing circuitry 350 may comprise a 

processor and memory (not shown).  This implementation may include at least certain 15 

example functional modules usable in a system for controlling maneuver of a refueling 

device.  For example, the processing circuitry 350 may be, in non-limiting examples, a 

general-purpose computer specially configured for the desired purpose by a computer 

program stored in a non-transitory computer-readable storage medium. It may be 

configured to execute several functional modules in accordance with computer-readable 20 

instructions. 

The processing circuitry 350 may include, in some embodiments, one or more 

sensor control modules 360. According to some examples of the presently disclosed 

subject matter, the sensor control module 360 can be configured to utilize and operate at 

least one of the sensors 320, 321, 323, or multiple instances of any of them, as part of the 25 

operation of and control over the refueling process. In some embodiments the sensor 

control module 360 is configured to operate sensors 320 and/or 321 in order to acquire 

data that enables, inter alia, repeated determination of various types of spatial and position 

data  as further detailed herein.  In some examples, the combination of sensors 320, 321 

and/or processing circuitry 350 may be referred to as a data acquisition system. 30 

The processing circuitry 350 may further include, in some embodiments, a 

maneuvering and steering control module 373. These modules may determine or 
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calculate, and then send, maneuvering and steering commands, e.g. via actuators 

interface module 365, to actuators 333, so as to adjust control surfaces 220A-220C.  

The determination and sending of commands may be done for the purpose of 

controlling the alignment or attitude of the refueling device 100 and/or of components 

of it, such as the boom member 230B for example. It also may be done to control the 5 

motion along various axes.  It is to be noted that steering commands and the alignment 

commands are also interchangeably referred to herein as maneuvering commands. 

The processing circuitry 350 may further include, in some embodiments, a 

safety module 387.  Safety module 387 can be configured to monitor hazardous 

situations in the refueling process, as further detailed herein. The hazardous situations 10 

can be defined, for example, by a set of thresholds and/or parameters and respective 

safety conditions.  Some of these parameters may be stored in the data store 310. For 

instance, safety module 387 can be configured to monitor that the refueling device 100 

does not approach the receiver aircraft 20 or the tanker aircraft 12 (or vice versa) in an 

unsafe manner. 15 

The processing circuitry 350 may further include, in some embodiments, an 

engagement/disengagement control module 390.  Engagement/disengagement control 

module 390 can be configured to provide an engagement command to the refueling 

device 100 for causing the refueling device 100 to engage with the fuel receptacle 22 of 

the receiver aircraft 20 for performing refueling, and/or to provide a command to the 20 

refueling device 100 to disengage from the fuel receptacle 22 of receiver aircraft 20, as 

further detailed herein.  In some embodiments, there may be a separate engagement 

control module 392 and disengagement control module 394. 

The processing circuitry 350 may still further include, in some embodiments, an 

external data interface 363 for enabling one or more components of  the controller to 25 

operate in cooperation with external or auxiliary components, units, devices, systems or 

modules. In some embodiments, these external components are represented by the 

external data sources 325.  For example, the interface 363 can implement various 

protocols, software languages, drive signals, etc.  By way of example, the interface 363 

can be used to receive information from the external data sources 325, and/or to operate 30 

certain systems  on board e.g. one or more of the refueling device 100, the receiver 

aircraft 20 or the tanker aircraft 12. 
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The processing circuitry 350 may still further include, in some embodiments, an 

actuators interface module 365 for enabling one or more components of the controller to 

control and send commands for adjusting e.g. airbrakes actuators 330 and/or the 

actuators for other control surfaces 333.  This can enable theses actuators to control, 

adjust and move the airbrakes 250 and/or the other control surfaces 220A-220C. 5 

The processing circuitry 350 may still further include, in some embodiments, a 

response-mode control module 370, which can enable changes in the force applied to 

hose 52 for purposes of maneuver of the hose 52 and the refueling device 100.  Example 

details of this functionality will be detailed further herein with regard to most of 

Figures 5 through 14. 10 

The processing circuitry 350 may still further include, in some embodiments, an 

engaged-response-mode control module 383, which can enable changes in the force 

applied to hose 52 during the time when the refueling device 100 and the receiver 

aircraft 20 are engaged.  This function may be useful in ensuring that at disengagement 

the refueling device 100 will move to a safe position with respect to the receiver aircraft 15 

20. Examples of this functionality will be detailed further herein at least with regard to 

Figs. 11 and 12. 

The processing circuitry 350 may still further include, in some embodiments, a 

full-trail-mode control module 375, which can control movement during the time when 

the refueling device 100 and the hose 52 are being deployed by the tanker aircraft 12 at 20 

the start of a refueling session.  Examples of this functionality will be detailed further 

herein at least with regard to Fig. 5.  

The processing circuitry 350 may still further include, in some embodiments, a 

rewind-mode control module 380, which can control movement during the time when 

the refueling device 100 and the hose 52 are being retracted by the tanker aircraft 12 at 25 

the end of a refueling session.  Examples of this functionality will be detailed further 

herein at least with regard to Fig. 15.  

Figs. 3a and 3b illustrate only a general schematic of the system architecture, 

describing, by way of non-limiting example, one aspect of the presently disclosed 

subject matter in an informative manner only, for clarity of explanation only.  It will be 30 

understood that that the teachings of the presently disclosed subject matter are not 

bound by what is described with reference to Figs. 3a and 3b.   
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Each system component and module in Figs. 3 can be made up of any 

combination of software, hardware and/or firmware, executed on a suitable device or 

devices, that perform the functions as defined and explained herein.  Equivalent and/or 

modified functionality, as described with respect to each system component and 

module, can be consolidated or divided in another manner.  Thus, in some embodiments 5 

of the presently disclosed subject matter, the system may include fewer, more, modified 

and/or different components, modules and functions than those shown in Figs. 3.  To 

provide one non-limiting example of this, in some examples the functions of module 

383 may be combined into module 370.  One or more of these components and modules 

can be centralized in one location or dispersed and distributed over more than one 10 

location.   

Having described an example tanker system and an example refueling device, as 

well as possible example systems used to control movement, attention is now turned to 

example methods that may be used to control movement of the refueling device.  Before 

turning to Fig. 5 and elaboration of such control methods, some possible advantages of 15 

using a boomless refueling device and/or such control methods, in accordance with 

certain example embodiments of the presently disclosed subject matter, will be 

mentioned.  Thus, in hitherto known hose and drogue systems, it may be the case that 

the drogue is not actively controlled, but rather aligns itself freely in the airflow aft of 

the tanker. The receiver aircraft 20 is therefore fitted with a probe that is configured for 20 

engaging with a receptacle on the drogue.  Such a hose and drogue system thus cannot 

be used by receiver aircraft that have fuel receptacles, but do not have such a probe.  

Receiver aircraft that do not have a probe may require refueling using a boom-based 

solution, in which the tanker aircraft or systems attached to it control the process of 

engagement with the receiver aircraft.  25 

On the other hand, use of a flying boom may in some cases limit the number of 

receiver aircraft that may be simultaneously refueled, as in some cases only one flying 

boom can be mounted on a tanker aircraft.  In such cases, only one receiver aircraft 

having fuel receptacles, but not possessing a probe, could be refueled at a time.  

A refueling solution that makes use of a boomless refueling device attached to a 30 

hose, which may have a boom member with nozzle, such as is described in some 

embodiments of the presently disclosed subject matter, may in some cases provide a 
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possible advantage of being capable of serving also types of receiver aircraft that are not 

fitted with a probe, while possibly also being capable of simultaneously refueling 

multiple instances of such aircraft and/or aircraft that are fitted with a probe.  

Optionally, a tanker aircraft according to the presently disclosed subject matter can 

include, in some embodiments, one or two such refueling systems mounted to the wings 5 

(e.g. via pods) and additionally include one conventional “flying boom” system in the 

aft fuselage. Thus, it is readily apparent that existing tanker aircraft already fitted with 

conventional “flying boom” systems can be retrofitted with refueling systems according 

to certain embodiments of the presently disclosed subject matter, for example one such 

refueling system fitted onto each wing, thereby effectively tripling the refueling 10 

efficiency/capability of such a tanker aircraft, enabling up to three receiver aircraft 

having fuel receptacles to be refueled concurrently.  Among other financial advantages 

of such an example configuration are shorter tanker flight times, and/or the need for 

fewer tankers in the tanker fleet. 

  In some cases it may be economical to enable such a solution by retrofitting an 15 

existing hose-and-drogue fueling system with a boomless refueling device taking the 

place of the drogue.  This may possibly allow re-use of most of the Host Drum Unit or 

of another similar component, thereby decreasing the overall cost of implementing a 

boomless refueling solution.  In cases where a refueling device is fitted to existing 

HDUs or similar components, it may be advantageous to make re-use of the existing 20 

component features functionalities, and not require that existing functionalities be 

changed or developed so as to enable use of the boomless refueling device.  Such 

changes might include, for example, the ability of the HDU to control during its 

"floating" state while waiting for a receiver aircraft, wherein the HDU is neither 

extending nor retracting the hose in an extensive way.  The reuse of existing component 25 

features/functionalities may be accomplished, in some embodiments, by associating the 

control logic, which may control movement and maneuver of the aft end of the hose, for 

example in the fore and aft direction, with a boomless refueling device rather than with 

the component 150.  This requires an understanding of winding modes of operation of 

HDUs, as is known in the art. 30 

The modes of operation of Host Drum Units (HDU) for winding and unwinding, as 

they exist in some implementations known in the art, will now be presented for reference. 
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In many implementations of HDU components, hose and drogue fueling systems, as is 

well known in the existing art, the component 150, illustrated in Fig. 1b, has at least three 

(3) modes of control of winding: full-trail mode, rewind mode, and response mode.  The 

component may be configured to selectively enter into, and operate in, each mode.  Each 

mode may possibly be used in different stages of fueling operations.   5 

(a) When the component is configured for or set to full trail mode, it unwinds the 

hose until substantially its full length.  The exact implementation for this deployment may 

be, as a non-limiting example, to unwind to its full length, or to a defined extent that may 

be nearly its full length as the stop point, i.e. the "deployment length". This may be 

referred to as the hose's "full trail".  10 

(b) When  set to rewind mode, the component retracts or rewinds the hose until it is 

substantially fully rolled up back to or into the drum component. 

(c) When set to response mode, the component attempts to maintain a reference 

force or tension on the non-rigid hose 52.  This reference force can be determined in 

various known per se manners.  In some non-limited examples known in the art, the level 15 

or value of this reference force may be determined as follows: the HDU component 

includes or is associated with force sensors.  At completion of full trail deployment, the 

component will obtain or measure the force that is being applied to the hose at that point in 

time.  This force may be a function of, for example, the altitude of the hose and the speed 

of movement of the tanker. The component may then calibrate the reference force to be 20 

equal to this measured force. In other cases the reference force may be, for example, pre-

defined by the manufacturer or by an operator, or can, for example, be set or configured by 

an operator or a system during a flight mission.  When the drum detects a decrease in the 

tension, it may begin to retract, pull in or tighten the hose. Conversely, when this same 

component detects an increase in the tension, it may begin to extend or release or feed out 25 

the hose. This mode may, in some embodiments, enable the drum to ensure that there is 

not too much slack on the hose.  HDU behavior is known in the art.  Possible use of these 

modes in some embodiments of the presently disclosed subject matter will be detailed in 

the following discussion.  As described further herein, it should be noted that, while in 

some embodiments the component 150 may attempt to maintain a substantially constant 30 

reference force, in some embodiments the controller 305, may successfully control the 

position of the refueling device even if e.g. the component 150 is maintaining the reference 
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force with a large tolerance, such that the force cannot be considered substantially 

constant. 

It should be noted that this description of HDU component 150 modes, which 

include both full trail and rewind modes, is an example only.  The presently disclosed 

subject matter is applicable as well, in embodiments where the full trail mode and/or the 5 

rewind mode of operation do not exist in the component 150. 

It should also be noted that, although the description below is with regard to, for 

example, an HDU or drum, they may be seen as examples of a hose winding system or a 

hose winding component, and that the presently disclosed subject matter is similarly 

applicable to other types and implementations of systems and components that are 10 

configured to wind and unwind a hose. 

Turning now to Figures 5, there is illustrated an example scenario for deploying 

a hose with boomless fueling, in accordance with certain embodiments of the presently 

disclosed subject matter.  In Fig. 5a, the tanker aircraft 12 is flying in the direction A. 

In this illustration, the example embodiment is a pod 51 attached under the wing. In the 15 

pod is stored a component 150.  The hose 52 is rolled up, and the hose and the refueling 

device 100 are stored in or adjacent to the component.  The refueling operation has not 

yet begun.  Turning to Fig. 5b, in this example it has been decided to begin a refueling 

operation such as described in general with respect to Figs. 1a and 1b.  In the 

embodiment shown in Fig. 5b, the component 150 has been instructed to change to full 20 

trail mode.  The component may release the hose 52 to its "full trail", so that it extends 

(530) e.g. along a fore and aft axis with respect to the tanker aircraft 12, aft of the 

tanker.  The maneuvering and steering control module 373 may, during this 

deployment, control the refueling device 100 so that its attitude (e.g. pitch, yaw, and/or 

roll) may be that defined as the initial trail position of the device. When deployment of 25 

the hose ends, that is the hose has been deployed so that it is at its deployment length, 

the aft end 54 of the hose may be at a point in space 520, at a particular spatial 

disposition relative to the tanker aircraft.  This point may be called in some 

embodiments the "full trail point" or "initial trail point".   The refueling device 100 may 

be attached to the hose at aft end 54.  Also shown is a virtual or imaginary volume of 30 

space 510, located in a particular disposition with respect to the tanker, known in some 
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embodiments as a refueling volume.  In some embodiments the refueling volume 510 

plays a role in the fueling process, as further detailed herein.  In some embodiments, the 

movement to initial trail point may be characterized for example as described in the 

previously-mentioned publication WO 2013/102903 A2, for example in parts of pages 

116-119.  The preceding is a non-limiting example description of such movement.  Note 5 

also that full-trail mode of component 150 is optional. 

Turning now to Fig. 16a, it illustrates a generalized flow chart, in accordance 

with certain exemplary embodiments of the presently disclosed subject matter.  One 

possible behavior of the fueling device in the case of full trail mode is shown, as flow 

chart 1600.  In some embodiments, the controller 305, for example, may be configured 10 

to selectively operate in different modes of control.  In response to the component 150 

changing 1603 to full trail mode, the controller 305 associated with  refueling device 

100 receives an indication 1607 of this change to full trail mode, and itself changes 

1610 to operate in a "full trail control mode" that supports HDU component full trail 

mode.  Upon this change in controller mode, in some embodiments the controller 305, 15 

e.g. using its full-trail-mode control module 375, may send commands 1620 for 

adjusting the state of one or more force generating arrangements, e.g. airbrakes 250, 

such that when full-trail deployment is completed and the component 150 changes to its 

response mode, the airbrakes have reached and are in a defined state, e.g. in a "middle 

nominal position" 505. That is, that the airbrakes will be in a position, deflection or 20 

state, such that when the component 150 is in response mode, the airbrakes are at a 

nominal state so as to be able adjust in either direction (e.g. to open or close more, to 

increase or decrease the drag) to a sufficient degree that will enable the refueling device 

to maneuver to a desired position (using methods as detailed further herein with regard 

to Figs. 6, 7, 8a and 8b).  This middle position of the airbrakes may vary, depending on 25 

for example the speed of tanker aircraft 12.  In some embodiments this middle position 

may be approximately 50% open.  The state or position of the airbrakes during the full-

trail deployment, before the deployment is completed, may be additionally adjusted to 

assist in controlling the rate of the deployment of the hose by the component 150.    In 

step 1630 the airbrakes may adjust to that defined position 505. 30 

It is noted that the teachings of the presently disclosed subject matter are not 

bound by the flow chart illustrated in Fig. 16a.  The illustrated operations can occur out 
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of the illustrated order.  Similarly, some of the operations or steps can be integrated into 

a consolidated operation or can be broken down to several operations, and/or other 

operations may be added.  It is also noted that whilst the flow chart is described with 

reference to system elements that realize them, such as for example controller 305, this 

is by no means binding, and the operations can be performed by elements other than 5 

those described herein. 

Reverting to Fig. 5c, in some embodiments, it may be desired that the refueling 

device 100 move forward of the full trail point 520, to arrive substantially at a position 

540, relative to the position of the tanker aircraft 12, that is forward and above the 

refueling volume 510.  This position 540 may be a distance, e.g. in the fore-and-aft axis, 10 

from the component 150, or possibly from another point on the tanker aircraft. The 

refueling device may wait at this initial waiting point 540, for receiver aircraft to arrive 

and be refueled.  The value of this waiting point position may be a function of the 

characteristics of the refueling device 100 and of the particular type of receiver aircraft 

20.  The value of the initial waiting point 540, that is its position relative to that of the 15 

component 150 and the tanker aircraft 12, may be determined or obtained in various 

ways. As one non-limiting example, it may be a pre-defined value. As another non-

limiting example, the value of the waiting point may be determined by an external data 

source 325, and communicated to the controller 305 using the external data interface 

363.  Point 540 may be referred to as an initial waiting point, since other waiting points 20 

are further detailed herein. In some embodiments, the controller 305 may obtain the data 

concerning this waiting point 540, in response to receiving an indication 1333 that the 

component 150 changed to its response mode.  It should be noted that other desired 

positions relevant to the presently disclosed subject matter may in some embodiments 

be determined and signaled in a similar way.  In order to move forward from full trail 25 

point 520 to initial waiting point 540, the component 150 may retract 550 the hose 52, 

thus moving the refueling device forward towards the tanker. 

Attention is now drawn to Figs. 6 and 7, which illustrate movement scenarios, 

in accordance with certain embodiments of the presently disclosed subject matter.  

These figures illustrate how, in some embodiments, the movement forward from, for 30 

example, a full trail point 520, to a position substantially equal to a waiting point 540, 

may be accomplished. In order to achieve this, in some embodiments the component 
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150 may automatically change to response mode operation upon or in response to an 

indication of reaching the full trail point 520. In some embodiments, in conjunction with 

this change in mode, the component 150 may determine, the reference force level that it 

will attempt to maintain on the hose 52 while in response mode.  In some embodiments, 

in response to the component 150 changing to its response mode, the controller 305 5 

associated with refueling device 100 receives an indication of this change, and itself 

changes to a "response control mode" that supports component 150 response mode.   

Controller 305, e.g. using response-mode control module 370, may in some 

embodiments control the maneuver methods illustrated in Figures 6 and 7.   The initial 

waiting point 540 is set to constitute the desired position of the fueling device, to which 10 

it should maneuver. 

Turning to Figs. 6, they illustrate a possible method of moving the refueling 

device further away from the tanker, for example in the fore and aft axis, according to 

some exemplary embodiments of the presently disclose subject matter. Turning to Fig. 

6a, at the start of the movement the refueling device 100 is positioned such that the aft 15 

end 54 of the hose is located at point 660, at a particular position relative to the tanker 

12.  The distance from point 660 to the component is shown as 665.  In some 

embodiments, one or more of the position sensors may be able to measure or determine 

the position 600 of refueling device 100 relative to the tanker aircraft 12 or to 

component 150.  The hose 52 has some slack. The airbrake 250 is open to a certain 20 

extent 605. The current position 660 may be nearer to the component 150, in the fore 

and aft axis, than is the desired position, in this case the initial waiting point 540. 

Turning to Fig. 6b, the controller 305 may have sent commands for adjusting, for 

example, the airbrake actuators 330 to adjust airbrakes 250 to a more open deflection or 

position 635.  This is an example of sending a command for adjusting the state of one or 25 

more force generating arrangements that are attached to the refueling device. This 

opening of the airbrakes may cause an increase in the drag force 620 imposed on 

refueling device 100, which may induce an increase on the tension force applied by the 

refueling device 100 on the hose 52a.  For purposes of illustration, hose 52a is shown in 

Fig. 6b as having only a small amount of slack, because of the increased tension. 30 

Because component 150 is in response mode, in some embodiments it may be 

configured to attempt to maintain a reference level of tension force on the hose 52a.  As 



 - 36 - 

the tension increases, in some embodiments the component detects this increase in a 

known per se manner and responds by feeding out 610 more hose, that is extending the 

hose 52a.  This may increase the slack in the hose and thus decrease the tension, so as to 

restore the reference level of tension, and maintain the reference force on the hose.  

Turning to Fig. 6c, a possible end result of this action is illustrated.  The hose 52b has 5 

been extended. Its length is greater than that of the hose in state 52a, by an amount 620.  

The aft end 54 of the hose is now at a point 670, which is further from the  component 

150 than was point 660. The distance from point 670 to the component is shown as 675. 

The refueling device 100 has thus moved further away 630 from the HDU component 

and from the HDU component's connection to the tanker aircraft 12.  Refueling device 10 

100 has moved aft from the tanker in the fore and aft axis. The distance between the 

refueling device and the aircraft has been increased. As the refueling device 100 has 

approached point 670, the controller 305 has commanded the adjustment of airbrakes 

250 to be in a less open position 640, the drag force on the refueling device has been 

reduced 680, and the tension on hose 52b has thus been reduced to be substantially at 15 

the reference level. The component 150 at this stage thus may have no need to further 

extend the hose 52b.  In some embodiments, the control system takes advantage of the 

component's 150 response feature to move the refueling device 100 further aft, away 

from the component. 

Turning to Figs. 7, they illustrate a possible method of moving the refueling 20 

device closer to the tanker, for example fore and aft, according to some exemplary 

embodiments of the presently disclosed subject matter. Turning to Fig. 7a, at the start of 

the movement the refueling device 100 is positioned such that the aft end 54 of the hose 

52 is located at point 760, at a particular position relative to the tanker 12.  The distance 

from point 760 to the component is shown as 765.  The hose 52 may have some slack. 25 

The airbrake 250 is open to a certain extent 705. The current position 760 may be 

further from the component 150, in the fore and aft axis, than is the desired position, in 

this case the waiting point 540.  Turning to Fig. 7b, the controller 305 may have sent or 

issued commands for adjusting the airbrake actuators 330 to adjust airbrakes 250 to a 

more closed position 735. This is an example of sending a command for adjusting the 30 

state of one or more force generating arrangements that are attached to the refueling 

device. This closing movement of the airbrakes may cause a decrease in the drag force 
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750 imposed on refueling device 100, which may induce a decrease on the tension force 

applied by the refueling device on the hose.  For purposes of illustration, hose 52c is 

shown in Fig. 7b as having an increased amount of slack, because of the decreased 

tension. 

Because the component 150 is in response mode, in some embodiments it may 5 

be configured to attempt to maintain a reference level of tension force on the hose 52c.  

As the tension decreases, in some embodiments the component 150 detects this decrease 

in a known per se manner and responds by pulling in the hose to some degree, that is 

retracting 710 the hose 52c.  This may decrease the slack in the hose and thus increase 

the tension, so as to restore the reference level of tension, and maintain the reference 10 

force on the hose.  Turning to Fig. 7c, a possible end result of this action is illustrated.  

The hose 52d has been retracted.  Its length is shorter than that of the hose in state 52c, 

by an amount 720.  The aft end 54 of the hose is now at a point 770, which is closer to 

the component 150 than was point 760.  The distance from point 770 to the component 

is shown as 775.  The refueling device 100 has thus moved 730 to be closer to the 15 

component and to the component's connection to the tanker aircraft 12.  Refueling 

device has moved forward towards the tanker in the longitudinal/axial (fore and aft) 

axis. The distance between the refueling device and the aircraft has been decreased. As 

the refueling device has approached point 770, the controller 305 has commanded the 

adjustment of airbrakes 250 to be in a more open position 740, and the tension on hose 20 

52d has thus been increased to be substantially at the reference level. The component 

150 at this stage thus may have no need to further extend the hose 52d.  In some 

embodiments, the control system takes advantage of the component's 150 response 

feature to move the refueling device 100 further forward, closer to the component 150.  

In some embodiments, the actions and movements illustrated in Figs. 6 and 7 25 

may be referred to, in a general sense, as control of fueling device maneuver while the 

component 150 is in response mode.  Reverting again to Fig. 5c, it can be seen that one 

sample embodiment of a method has been disclosed for moving the refueling device 

100 forward 550 to a waiting point 540.  Using the methods illustrated in Figs. 7 and 

Figs. 6, the controller may send commands for adjusting airbrakes 250, attached to 30 

refueling device 100, to a more open and/or closed position as needed, so as to change 

(for example, increase or decrease) the force imposed on refueling device 100, which 
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may induce a change  (for example, increase or decrease) in the tension force applied by 

the refueling device 100 on the hose, thereby causing the aircraft component to detect 

the changed force on the hose, and to possibly change the length of the hose (for 

example, extend or retract it) so as to maintain a reference force on the hose, thereby 

changing (for example, increasing or decreasing) the distance between the refueling 5 

device and the aircraft.  An end result is to maneuver the aft end 54 of the hose (and 

thus the refueling device 100) backward or forward to reach the desired initial waiting 

point 540.  To the extent that the refueling device 100 has not yet reached point 540, but 

was aft of it, the methods of Figs. 7 cause the hose to retract and the fueling device to 

move closer to the HDU component.  To the extent that the refueling device 100 "over-10 

shoots" waiting point 540, and moves forward of that point in the direction of the 

component, the methods of Figs. 6 cause the hose to extend and the fueling device to 

move away from the component 150, and aft in the direction of point 540. Thus in this 

example embodiment the controller 305 alternately induces retraction and extension of 

the hose, as needed, by means of adjusting the airbrakes, so as to finally reach initial 15 

waiting point 540.  Note that this control of maneuver back and forth may be performed 

using the existing functionality of component 150. The presently disclosed subject 

matter is not limited to the implementation of component 150 described in Figs. 6 and 

7. 

Figs. 6 and 7 describe an example method of obtaining desired and current 20 

positions, determining, based on at least these positions, whether to extend or to retract 

the hose, and sending a command for adjustment of the airbrakes so as to change the 

force on the refueling device and thus on the hose, thereby causing the component 150 

to detect the change in the force on the hose, and to change the length of the hose 52, so 

as to maintain the reference force on the hose, and thereby changing the distance 25 

between the refueling device and the aircraft.  These steps may be performed 

repeatedly, possibly in a continuous fashion, until the difference between the current 

position and the desired position of said refueling device is within, e.g. the absolute 

value of the deviation is at or below, a defined threshold.  More details concerning such 

thresholds is provided further herein regarding Fig. 8a. 30 

Note that in some embodiments, the adjusting of airbrakes 250, as described for 

example with respect to Figs. 6 and 7, so as to alternately induce retraction and 
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extension of hose 52 may be continuously performed, even after reaching a desired 

position such as (for example) initial waiting point 540, or even after reaching a point 

sufficiently close to point 540 to be considered an appropriate waiting point.   This 

continuation of the control of the fore and aft movement by, for example, controller 

305, perhaps using its response-mode control module 370, may be performed, for 5 

example, to maintain the position of the refueling device 100 at the initial waiting point 

540.  A need to continually maintain the position of refueling device at point 540 may 

arise, for example, among other possible reasons, due to wind gusts that might blow the 

refueling device away from point 540 after the refueling device had already reached that 

point.  Another non-limiting example reason might be maneuvers performed by the 10 

tanker 12 that cause the tension on the hose 52 to change, thus causing the component 

150 to respond by changing the length of the hose, and thus changing the relative 

position of hose aft end 54 to no longer be at the desired initial waiting point 540.  Other 

reasons may exist to continue to maintain the position. In at least this sense, the 

processes described with reference to Figs. 6 and 7 may in some embodiments be seen 15 

as providing continuous control of movement or maneuver, for example along the fore 

and aft axis.  The illustration in Fig. 5c of movement of the refueling device 100 to a 

single defined waiting point 540, is only one case of moving to a waiting point.  If the 

mission requires moving from the full train point 520, using for example response-mode 

control module 370, to a set of more than one waiting point, e.g. a sequential series of  20 

waiting points, the methods of Figs. 6 and 7 may be applicable to each such additional 

waiting point.  Similarly, if during maneuver from point 520 to the waiting point 540 (or 

alternatively to any one of a set of waiting points), a determination is made (one or more 

times) that a different position 545 should serve as the waiting point, the methods of 

Figs. 6 and 7 may be applicable, with the simple addition of updating the desired 25 

waiting point (one or more times on a selective basis as needed) during the process, to 

have that value of that changed waiting point 545.  Similarly, if the refueling device 100 

substantially reaches the desired waiting point 540, and, after that, for example, it is 

determined that the waiting point should be changed to e.g. position 545, the methods of 

Figs. 6 and 7 may be applicable, with desired position changed, such that the newly 30 

determined waiting point 545 serves as the desired new position of the refueling device.  

In all of the above example cases, the new value 545 of the waiting point constitutes the 

new value of desired position of the refueling device.  Such a determination of different 
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or updated or additional or newly determined position of the waiting point could be 

made, in response to an indication of a change in the waiting point parameter. Other 

reasons may exist to contain to move to a new desired position. In at least all of the 

above situations, the updated, additional or newly determined waiting point may be 

referred to in some cases as a changed or updated waiting point.  5 

The foregoing discussions, with respect to at least the movement of other control 

surfaces, continuous adjustment of airbrakes to maintain a desired position, movement 

to a set of points, and updating of a fueling device's desired position during maneuver in 

response to an indication of a change in the value of the desired position, so that the 

changed value of the desired position constitutes the desired position of the fueling 10 

device, have been described for purposes of exposition with regard to initial waiting 

point 540.  However, these same techniques and concerns may in some cases be 

applicable also to other waiting points, and to other desired positions, further detailed 

herein. 

Fig. 5c describes an example embodiment of a method of, in response to an 15 

indication that component 150 changed to a response mode (whereby the component is 

configured to maintain the reference force on the hose), obtaining at least one waiting 

point position at which the refueling device 100 will await arrival of at least one 

receiver aircraft, and, with respect to each one of these waiting point positions, setting 

the waiting point position to constitute the desired position of the refueling device, and 20 

performing the methods described e.g. with regard to Figs. 6 and 7 in respect of the 

waiting point position, and in case of an indication of an update in the waiting point 

position performing those methods in respect of the updated waiting point position.   

It should be noted that during the motion described in Figs. 5, in certain 

embodiments various adjustable control surfaces 220A, 220B, and/or 220C may have 25 

also been adjusted, by means of their actuators 333, so as to control the motion and 

disposition in axes other than the longitudinal or fore and aft axis, so as to prevent 

sideslip, roll, patch or yaw.  The commands to perform these adjustments may be 

performed for example by alignment commands sent by the maneuvering and steering 

control module 373, and may have been determined based on information provided by 30 
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the data acquisition system.  These adjustments may be performed, as well, during 

maneuver to other desired positions, further detailed herein. 

Figs. 6 and 7 describe one aspect of the presently disclosed subject matter in an 

informative manner only, by way of non-limiting example, for clarity of explanation 

only.  It will be understood that that the teachings of the presently disclosed subject 5 

matter are not bound by what is described with reference to Figs. 6 and 7. 

Turning to Fig. 8a, there is illustrated one example of a generalized flow chart 

diagram of control of fueling device movement while the HDU component is in 

response mode, in accordance with certain embodiments of the presently disclosed 

subject matter.  In some embodiments, the flow presented accomplishes the actions and 10 

movements of a refueling device that is attached by means of a non-rigid hose to a 

component of an aircraft, as illustrated in Figs. 6 and 7.  In some embodiments, one or 

more steps of Fig. 8a may be performed automatically.  The flow and functions 

illustrated in Fig. 8a may for example be implemented in processing circuitry 350, and 

may make use of modules described with regard to Fig. 3b. 15 

The flow starts at 801. In step 805, the  response-mode control module 370 may 

obtain, or receive an indication of, the desired position of the refueling device.  The 

desired position may be referred interchangeably herein also as required position, 

commanded position, desired spatial disposition, destination or desired location.  It may 

set that obtained or determined position to be the value of a parameter "desired 20 

position".  In the example case of the movement already described in Figs. 5, this may 

be substantially the same as a waiting point position such as initial waiting point 

position 540.  As further detailed herein, various other categories of desired positions 

may exist.  Non-limiting examples of other desired positions, to which the method 

illustrated in the flow of Fig. 8a may attempt to maneuver, include: updated waiting 25 

point positions (including updated initial waiting point position), position of a 

receptacle located on a receiver aircraft, updated position of the receptacle, safe 

disengagement position, updated safe disengagement position, post-disengagement 

position, updated post-disengagement position, and final waiting point position.  In 

some embodiments the indication of desired position may be determined autonomously 30 
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by controller 305, while in others it may be communicated from external data source 

325 via external data interface 363.  

In step 810, the response-mode control module 370 may obtain, or receive an 

indication of, the current position of the fueling device.  This may in some embodiments 

be provided by the position sensors 320, via the sensor control module 360, or again 5 

may be communicated from an external data source.  

In step 815, response-mode control module 370 may compare the desired 

position and the current actual position, and determines the nature of the deviation 

between the two.  In step 818 the result of step 815 may be evaluated by response-mode 

control module 370, to check against the following criterion: to determine whether the 10 

difference between the current position and the desired position of said refueling device 

is within a defined threshold, e.g. that the absolute value of the difference is at or less 

than the threshold, that is whether or not the refueling device has substantially reached 

the desired position or destination.  

The response-mode control module 370 may of course be configured to have a 15 

tolerance value for the deviation, such that if the deviation is within the defined 

threshold or tolerance range of acceptable variation or deviation, the current and desired 

positions of the refueling device may be considered to be substantially the same, and the 

determination at step 818 may be "Yes" 875.  The value of this tolerance or threshold 

may be application specific, possibly dictated by the design of the various mechanical 20 

systems, and may be a requirement that serves as an input to control system design.  

This tolerance value may be different for different stages of motion occurring during the 

refueling process, that is for different categories of desired positions, at least some of 

which are detailed herein.  As one example, the tolerance for the criterion of "reaching a 

waiting position" may be larger than that required to enable engagement between the 25 

nozzle of the refueling device and the receptacle on the receiver aircraft (discussed 

further herein with regard to Fig. 9).  Similarly, the tolerance required for engagement 

may in turn be dependent on the geometry and size of the particular receptacle, and thus 

may e.g. be a function of the model or type of the particular receiver aircraft and 

receptacle, and of the particular nozzle.  In turn, the tolerance requirements may for 30 

example drive the choice of position sensors to be used in an embodiment, in that a 
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more accurate (though possibly more costly) sensor may be required to enable 

achieving a lower threshold in the difference between desired and current position, and 

a cost versus accuracy tradeoff decision would be part of the design.  Thus the threshold 

used for control of maneuver to each category of desired position, may be determined 

by the person skilled in the art on a case by case basis using methods known in the art.  5 

In some embodiments, one or more of the threshold values may be predefined, and may 

for example be stored in data store 310.  In some embodiments, one or more of the 

threshold or tolerance values may be updated during the maneuver to the desired 

position.  In some non-limiting example embodiments, the tolerance or threshold for 

reaching a waiting point may be plus/minus 1/2 (half) meter.  In some non-limiting 10 

example embodiments, the tolerance or threshold for reaching the receptacle of the 

receiver aircraft may be plus/minus 5 centimeters.  In some non-limiting example 

embodiments, the threshold may be zero. 

In response to the determination at step 818 being Yes, that the criterion was 

met, flow arrows 875, the procedure discussed in the flow diagram Fig. 8a may be 15 

considered to have ended, at step 870.    

In some embodiments, the criterion of "the difference between the current 

position and the desired position of said refueling device is within a defined threshold" 

may not mean that an instantaneous arrival at the desired position is sufficient, but 

rather that the fueling device has remained in a position located within the defined 20 

tolerance of the desired position for a substantial time interval.  This time interval may 

be as a defined number of seconds or minutes, as relevant to the particular application 

and the nature of the particular desired spatial disposition which flow 800 is attempting 

to reach.  The selection of the time interval may be determined by the person skilled in 

the art on a case by case basis using methods known in the art.  For other types of 25 

desired positions, the refueling device 100 may for example be expected to wait at the 

destination for occurrence of an event (e.g. arrival of a receiver aircraft 20), and to 

continuously control and adjust the airbrakes so as maintain that position until the event 

occurs.  In such a case, the looping process as shown in flow 800 may continue until the 

event occurs.  30 
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Similarly, if during maneuver to a desired position point (e.g. waiting point 540 

as a non-limiting example), or alternatively to any one of a set of desired positions, a 

determination is made (one or more times) that a new or changed position (e.g. updated 

waiting point 545 as a non-limiting example) should serve as the desired position, the 

methods of Figs. 6 and 7 and 8a may be applicable, with the simple addition of 5 

updating the desired position (one or more times on a selective basis as needed) during 

the process, to have the value of that new desired position. The changed new value of 

the desired position constitutes the desired position of the refueling device 100. The 

updated desired position may be referred to in some cases as a changed desired position. 

In response to the determination in step 818 being No, that the criterion was not 10 

met, that the difference between the current position and the desired position of said 

refueling device is not within a defined threshold, then the flow continues 865 to 

decision 820.  A determination may be made by response-mode control module 370, 

based on at least the current position and the desired position of the fueling device, 

whether to extend or retract the hose 52.  This may be achieved, for example, by 15 

comparing the current actual position of the refueling device 100 and the desired 

position, and determining whether the current position is forward or aft of the desired 

position.  

In response to a determination that the refueling device requires extension, i.e. 

that the current position is forward of the desired position, flow 825, then steps may be 20 

taken to release/extend the hose.  In response to a determination that the refueling 

device requires retraction (flow 845, discussed further on), then steps may be taken to 

retract the hose. 

Returning to step 825, in some embodiments response-mode control module 370 

may in step 830 send or issue commands for adjusting  airbrakes actuators 330 to adjust 25 

the one or more airbrakes 250 so as to increase drag on the refueling device and thus 

increase the tension force on hose 52.  This command may in some embodiments be 

sent via the actuators interface module 365.  

In step 835 the actuators may cause the airbrakes to change the force on the 

refueling device, and thus on the hose. In step 840 the component 150 may detect the 30 
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increase in tension force, and may react to it by beginning to release/extend the hose.  

This may occur because the component is in its response mode of operation, and is 

configured to selectively maintain a reference force on the hose. In step 843, this 

extension of the hose may cause the refueling device 100 to move aft or rearward or 

backward with respect to the position of the component 150 and of the tanker aircraft 5 

12.  This may increase the distance between the refueling device and the aircraft.  In 

step 807, the process may begin again, looping back to step 805, in which the desired 

position of the fueling device is again obtained. As discussed elsewhere in the presently 

disclosed subject matter, in some embodiments the desired position may change for 

various reasons.  Note that steps 830, 835, 840 and 843 may be considered an example 10 

of sending a command for adjusting the state of one or more force generating 

arrangements that are attached to the refueling device, so as to increase the force on the 

hose, thereby causing the aircraft component to detect the increased force and to extend 

the hose so as to maintain a reference force on the hose, thereby increasing the distance 

between the refueling device and the aircraft. 15 

In response to a determination in decision step 820 that the refueling device 

requires retraction, i.e. that the current position of the refueling device 100 is aft of the 

desired position, flow 845, then steps may be taken to retract the hose.  In some 

embodiments the response-mode control module 370 may in step 850 send or issue 

commands for adjusting  airbrakes actuators 330 to adjust the one or more airbrakes 250 20 

so as to decrease drag on the refueling device and thus decrease the tension force on 

hose 52.    This command may in some embodiments be sent via the actuators interface 

module 365.   

In step 855 the actuators may cause the airbrakes to change the force on the 

refueling device, and thus on the hose. In step 860 the HDU component 150 may detect 25 

the decrease in tension force, and may react to it by beginning to retract the hose.  This 

may occur because the component is in its response mode of operation, and is 

configured to selectively maintain a reference force on the hose.  In step 863, this 

retraction of the hose may cause the refueling device 100 to move forward with respect 

to the position of the component 150 and of the tanker aircraft 12.  This may decrease 30 

the distance between the refueling device and the aircraft.  In step 803, the process may 

begin again, looping back to step 805, in which the desired position of the fueling 
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device is again obtained.  Note that steps 850, 855, 860, and 863 may be considered an 

example of sending a command for adjusting the state of one or more force generating 

arrangements that are attached to the refueling device, so as to decrease the force on the 

hose, thereby causing the aircraft component to detect the decreased force and to retract 

the hose so as to maintain a reference force on the hose, thereby decreasing the distance 5 

between the refueling device and the aircraft. 

The looping back of the process 807, and 803, may thus continue repeatedly, and 

perform the steps shown repeatedly, continually changing the force on the hose and thus 

changing the distance between the refueling device and the aircraft, until the difference 

between the current position and the desired position of said refueling device is within a 10 

defined threshold, that is the current and desired positions of the refueling device are 

substantially the same, and thus the refueling device may have reached its destination, at 

step 818, and the loop is exited in steps 875 and 870.  Fig. 8a illustrates an example 

embodiment of obtaining a desired position and the current position of a refueling 

device 100, determining based on at least the desired and current positions of the 15 

refueling device whether to extend or to retract the hose, and based on the determination 

sending a command for adjusting the state of one or more force generating 

arrangements so as to change the force on the hose 52, thereby causing the component 

150 to detect this change in the force on the hose and to change the length of the hose 

(for example, to extend or retract it), so as to maintain the reference force on the hose, 20 

and thereby either changing the distance between the refueling device and the aircraft 

(for example, increasing or decreasing it), and performing this repeatedly until the 

difference between the current position and the desired position of said refueling device 

is within a defined threshold. 

It should also be noted that, while in some embodiments the component 150 may 25 

attempt to maintain a substantially constant reference force, in some embodiments the 

response-mode control module 370, may successfully control position of the refueling 

device even if e.g. the component 150 is maintaining the reference force with a large 

tolerance, such that the force cannot be considered substantially constant.  The flow 

detailed in Fig. 8a (and similarly with regard to Fig. 8b, detailed further herein), may 30 

adjust the airbrakes position or deflection in a continuous manner, so as to bring the 

current position and desired position to within a defined threshold or tolerance of each 
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other, and thus may compensate for inaccuracies or fluctuations in the reference force 

being maintained by the component 150. 

Note also that Fig. 8a shows dashed-line rectangle 880, which denotes those 

steps in the above flow which in some embodiments are performed internal to controller 

305, for example within processing circuitry 350.  The steps that are not within this 5 

rectangle, e.g. 835, 840, 843, 855, 860, 863, might not occur within the controller, but 

indicate reactions to the actions performed by the actuators 330 and airbrakes 250, the 

component 150, and/or the refueling device 100. 

It should also be noted that, merely for purposes of a simple exposition, Fig. 8a 

illustrates one example of a control process, one which begins with a step 801, "start", 10 

and which terminates with a step 870, "end".  In some embodiments, there may not in 

fact be a clear-cut end point 870 to the process.  For example, as has been explained 

elsewhere in the current subject matter, in some embodiments the controller 305 may 

not end its function upon arriving at the desired position, but instead may function to 

continuously maintain the desired position once it is reached. Similarly, in some 15 

embodiments it may be that upon reaching a desired position, indication of a changed or 

updated desired position may be received, and thus the controller may at that point in 

time function to enable movement of the refueling device 100 to the newly indicated 

desired position, e.g. for reasons mentioned earlier in the presently disclosed subject 

matter.  Similarly, in some embodiments it may be that the controller 305 was given a 20 

set of more than one desired positions to reach, possibly as a function of time, and thus 

upon reaching a desired position, the controller may then function to enable movement 

of the refueling device 100 to another desired position.  Some example reasons were 

presented with regard to Figs. 6 and 7. In some embodiments, for reasons similar to 

those presented regarding ending step 870, there may not in fact be a clear-cut start 25 

point 801 to the process.   

It should also be noted that extension or retraction of the hose, in response to 

increased forces induced as a result of adjusting e.g. the airbrakes 250, may in some 

cases have the effect of also causing a movement of the hose end, and of the refueling 

device, in axes other than that of the tanker aircraft 12 flight, e.g. vertically and/or in an 30 

axis transverse to the flight (left and right).  The refueling device may additionally 



 - 48 - 

comprise control systems that control movement along those other axes, and such 

control systems may deal with these effects using known per se techniques. 

The logic shown in the Fig. 8a could for example be implemented as software 

and/or firmware in a computer, as hardware, or as any combination thereof, executed on 

a suitable device or devices, that perform the functions as defined and explained herein, 5 

whether located on the fueling device, on the tanker, on a receiver aircraft, on a separate 

airborne/seaborne or land-located system, split among any of them, or various other 

configurations.  

Note also that the step-by-step of the flow logic in Fig. 8a is presented merely to 

provide a simple exposition of one possible process.  It is noted that the teachings of the 10 

presently disclosed subject matter are not bound by the flow chart illustrated in Fig. 8a.  

The illustrated operations can occur out of the illustrated order.  For example, 

operations 805 and 810 shown in succession can be executed substantially concurrently, 

or in the reverse order. Similarly, some of the operations or steps can be integrated into 

a consolidated operation (e.g. steps 840 and 860), or can be broken down to several 15 

operations, and/or other operations may be added.  Another example of this is  that the 

flow chart shows two decisions or determinations 818 and 820 serially, preceded by a 

comparison step 815, merely for ease of exposition.  In some embodiments, for 

example, the comparison and the decision points could be combined, that is one 

question could be asked, with multiple possible answers including for example: current 20 

is forward of desired and extension is required, current is substantially equal to desired, 

current is aft of desired and retraction is required.  It is also noted that whilst the flow 

chart is described with reference to system elements that realize them, such as for 

example modules of processing circuitry 350, this is by no means binding, and the 

operations can be performed by elements other than those described herein. 25 

Attention is now drawn to Fig. 8b, which illustrates a possible implementation 

of a controller using a Proportional Integral Derivative (PID) controller, in accordance 

with certain exemplary embodiments of the presently disclosed subject matter.  Fig. 8b 

describes one example embodiment of controller 305.  In some embodiments, the 

controller implementation described herein may accomplish the actions and movements 30 

illustrated in Figs. 6 and 7.  Note that the gain for the derivative may be set to zero.  
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Note that in other example implementations, control logic may be implemented using a 

Proportional Integral (PI) controller.  Note that the concepts of PID controller and PI 

controller per se are known in the art.  For simplicity of exposition, the description 

below is written with reference to a PID controller, and can apply, mutatis mutandis, to 

a PI controller as well. 5 

Controller 305 may, in some non-limiting examples, comprise PID controller 

processing circuitry 8000.  PID controller processing circuitry 8000 may comprise a 

processor and memory (not shown).  PID controller processing circuitry 8000 may, in 

some examples, comprise input logic module 8004, PID controller module 8020, and 

output logic module  8125.  8000 may in some non-limiting examples be a computer 10 

specially constructed for the desired purposes.  

Delta-x-command (shown in the figure as delta-x-cmd 8003) may refer to the 

obtained desired position of the refueling device 100 relative to the tanker aircraft 12, 

and in some embodiments may be analogous to the output of step 805.  As indicated 

already, this information may in some embodiments be obtained input logic module 15 

8004from the external data sources 325.  In other embodiments (not illustrated in the 

figure), the determination of the desired position may occur internal to input logic 

module 8004.  In some embodiments, the value of delta-x command may change as the 

desired position is updated and is input to input logic module 8004.  One non-limiting 

example is when an updated waiting point is determined.  Other examples are similar to 20 

the situations described with regard to Figs. 6 and 7, and Fig. 8a.  Thus 8003 may be 

an example embodiment of obtaining the desired position of the refueling device. 

Non-limiting examples of desired positions that may constitute the desired 

position Delta-x-command 8003, to which the method illustrated in the flow of Fig. 8b 

may attempt to maneuver, include, as non-limiting examples: waiting point positions 25 

such as initial waiting point position, updated waiting point positions (including updated 

initial waiting point position), position of a receptacle located on a receiver aircraft, 

updated position of the receptacle, safe disengagement position, updated safe 

disengagement position, post-disengagement position, updated post-disengagement 

position, and final waiting point position.   30 
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Delta-x 8005 may refer to the obtained current position of the refueling device 

100 relative to the tanker aircraft 12 or component 150, obtained by input logic module 

8004, and in some embodiments may be analogous to the output of step 810.  8005 is an 

example embodiment of obtaining the current position of the refueling device. 

Subtracting 8007 these two parameters gives 8010, the difference between delta-5 

x-command and delta-x.  This difference may be, for example, calculated or measured 

by input logic module 8004, or may be obtained from other components of the control 

system 300.  The input of this difference into the PID controller module 8020 is shown 

as 8110.   8007, 8010, 8110 may function as an example embodiment of determining 

whether or not the difference between the current position and the desired position of 10 

the refueling device is within (e.g. the absolute value of the deviation is at or below) a 

defined threshold, that is the current position and the desired position of the refueling 

device are substantially the same, and thus whether or not there is a need to continue 

adjusting airbrakes.  In some embodiments, they may be analogous to steps 815, 818 of 

Fig. 8a.  8007, 8010 and 8110 may also be an example embodiment of determining, 15 

based on at least the current position and the desired position of the refueling device, 

whether to extend or to retract the hose.  In some embodiments, they may be analogous 

to steps 820, 825, 845 of Fig. 8a.   

PID controller module 8020 may process this input 8110, provided for example 

by input logic module 8004, to determine whether to extend or retract or the hose, and 20 

to determine or calculate the value of the desired deflection or adjustment of the 

airbrakes 250.  This may sent as output 8120 to output logic module 8125.  Output logic 

module 8125 may in some embodiments send a command delta-ab, the desired 

deflection 8030, to the actuators 330 to adjust the airbrakes, and in some embodiments 

may be analogous to steps 830 and 850 of Fig. 8a.  8030 may thus be an example of 25 

sending a command for adjusting the state of one or more force generating 

arrangements. 

Plant 8035 may refer to the characteristics and dynamics of all of, or some of, 

the particular refueling device, actuators, airbrakes or other force generating 

arrangements, other control surfaces, the hose and the HDU component 150, including 30 

this component's 150 characteristic of attempting, when e.g. in its response mode, to 
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main a reference force on the hose.  The dynamics of these particular systems may drive 

how the plant behaves and responds to the command 8030.  Note that as the airbrakes 

that are attached to the refueling device are adjusted, this may change the force on the 

refueling device (e.g. either increase or decrease it), and thus may change the force on 

the hose (e.g. increase or decrease it).  As the component 150 may detect this change in 5 

the force, this may cause the component 150 of the tanker aircraft to extend or to retract 

the hose 52, so as to maintain the reference force on the hose.  The result of the plant 

may be a movement of the refueling device 100, thereby either changing the distance 

between the refueling device and the aircraft (e.g. increasing or decreasing it), and thus 

a changed value 8038 of current position delta-x.  In some embodiments, the plant 8035 10 

may be analogous to steps 835, 840, 843, 855, 860, 863 of Fig. 8a.   

Gain coefficients for the PID controller may be determined and tuned for each 

"plant", e.g. for each particular combination of types of refueling devices, hoses, HDU 

and similar components, tanker aircraft and receiver aircraft, using known per se control 

design techniques.  In some embodiments, the coefficient values for each combination 15 

of systems may be stored in data store 310, and PID controller module 8020 would be 

provided with, and would use of, the relevant values for each refueling situation. 

Figure 8b also shows that the changed value of the current position 8038 

functions is fed back, as the updated value of 8005 as e.g. measured by sensors, and that 

it is again compared 8007 to the desired position delta-command-x 8003.  Thus the 20 

calculated difference 8010, in some cases performed by input logic module 8004, thus 

may in turn change, thus providing a changed input to PID controller module 8020. This 

may in turn possibly cause again an adjustment 8030 of the airbrakes.  This feedback 

may, in some embodiments, be analogous to steps 803, 807 of Fig. 8a.  The 

determination of whether to extend or retract the hose, and the resulting adjusting of the 25 

airbrakes, thus changing the force on the hose and thus changing the distance between 

the refueling device and the aircraft, may thus be performed repeatedly, in a continuous 

fashion controlled by PID Controller processing circuitry 8000.  Thus, in this example 

the variable being controlled may be the airbrakes position, deflection or state; and the 

input to the PID Controller module 8020, which in turn is affected by the value of the 30 

controlled variable, may be the error in the refueling device position, for example the 

position of the refueling device compared to its desired position. 
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Note that when the criterion is met of the difference 8010 between the current 

position and the desired position of said refueling device being within a defined 

threshold, the PID controller module 8020 may at that point determine that no change in 

the length of the hose is required, and 8020 may thus not output 8120 a desired 

deflection of the airbrakes.  The PID Controller processing circuitry 8000 may in some 5 

embodiments attempt to reduce the error 8010, 8110 between desired and current 

position towards zero.  Further discussion regarding choice of threshold values is 

detailed herein further regarding Fig. 8a. 

Fig. 8b illustrates an example embodiment of obtaining a desired position and 

the current  position of a refueling device 100, determining based on at least the desired 10 

and current positions of the refueling device whether to extend or to retract the hose, 

and based on the determination sending a command for adjusting the state of one or 

more force generating arrangements, so as to change the force on the hose 52, thereby 

causing the component 150 to detect this change in the force on the hose and to either 

extend or retract the hose, so as to maintain the reference force on the hose, and thereby 15 

changingthe distance between the refueling device and the aircraft, and performing this 

repeatedly until the difference between the current position and the desired position of 

said refueling device is within a defined threshold. 

Additional parameters may optionally be input to the PID Controller processing 

circuitry 8000, in certain embodiments.  For example, the estimated current velocity or 20 

rate of movement of refueling device 100, shown as delta-x-rate 8045, may be input.  In 

certain embodiments, this may be input to input logic module 8004 (8050, 8060), and/or 

to output logic module 8125 (8060, 8070).  As another example, the estimated current 

acceleration of refueling device 100, shown as delta-x-acc 8090, may be another 

optional input, instead of or in addition to delta-x-rate 8045.  In certain embodiments, 25 

this may typically be input to the output logic module 8125 (8100, 8070).  In some 

embodiments, it may be input to the input logic module 8004  (not shown). The 

acceleration may in some cases be obtained from one or more sensors 321, e.g. 

accelerometers.  Alternatively, the parameters 8045, 8090 may be calculated or 

determined within PID controller processing circuitry 8000 based on raw data, or may 30 

be obtained from external data sources 325.  The use of these velocities and/or 

accelerations as inputs to be considered may in some embodiments enable a more 
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refined control, possibly reducing or preventing lag in response, and oscillations of the 

airbrakes.  These parameters may factor into and impact the determination whether to 

extend or retract the hose, and/or the determination by how much to adjust the 

airbrakes.  Note that in some embodiments, the current velocity and current acceleration 

may similarly be factored into the determinations made in the process described in the 5 

flow of Fig. 8a, e.g. in steps 815, 818, 830 and/or 850, and those determinations may be 

made based also on one or both of these inputs, although these factors are not shown in 

Fig. 8a for reasons of simplicity.  It should also be noted that each input shown in the 

PID controller processing circuitry 8000 may in some embodiments be adjusted by 

factors and/or offsets, as is done in known per se control systems. 10 

In some embodiments the PID controller processing circuitry 8000 may be used 

to control the movement of refueling device 100 also in the cases where the component 

is operating in full-trail or rewind mode.  In such a case,  there may be an additional 

optional input 8015 to PID controller module 8020, providing an indication of the 

current component winding mode 8015 (e.g. full trail, response and/or rewind). As 15 

further detailed herein, in full trail and rewind modes the controller may command the 

airbrakes to adjust in support of those modes. The role of the optional "contact made" 

indication switch 8040 is further detailed herein. This indication of engagement 8040 

may in some cases change the values of the gain coefficients.  In some embodiments, 

these optional inputs may be obtained from external data sources 325. 20 

Each system component and module in Fig. 8b can be made up of any 

combination of software, hardware and/or firmware, executed on a suitable device or 

devices, that perform the functions as defined and explained herein.  Equivalent and/or 

modified functionality, as described with respect to each system component and 

module, can be consolidated or divided in another manner.  Thus, in some embodiments 25 

of the presently disclosed subject matter, the system may include fewer, more, modified 

and/or different components, modules and functions than those shown in Figs. 8b.  One 

or more of these components can be centralized in one location or dispersed and 

distributed over more than one location.  Similarly, in some cases multiple instances of 

a particular component may be utilized, for reasons of redundancy and availability, and 30 

in some cases the plurality of component instances can be cooperatively operated.  
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Thus, in some cases, controller components, such as described by example with 

respect to Fig. 8b, may be located on-board the refueling device 100, the receiver 

aircraft 20, the tanker aircraft 12 and/or another location, including remote locations. In 

some cases, the components can be distributed between the refueling device 100 and/or 

the receiver aircraft 20, and/or the tanker aircraft 12 and/or another location, including 5 

remote locations.   

Fig. 8b describes one aspect of the presently disclosed subject matter in an 

informative manner only, by way of non-limiting example, for clarity of explanation 

only.  It will be understood that that the teachings of the presently disclosed subject 

matter are not bound by what is described with reference to Fig. 8b.  It should also be 10 

noted that, in some embodiments, PID or PI controller logic could also be used in a 

mechanical implementation of controller 305. 

Having now described example methods and systems for controlling movement 

of a refueling device 100, attention is now turned to additional examples of refueling 

device 100 movement.  Attention is drawn to Fig. 9, which illustrates a scenario of 15 

controlled maneuver of a fueling device, in accordance with certain exemplary 

embodiments of the presently disclosed subject matter. A refueling device 100 waits at 

a waiting point 540.   In some embodiments the component 150 is in its response mode.  

A receiver aircraft 30 may have been waiting at a distance for the refueling device 100 

to reach its waiting point 540, and possibly to be located stably at that position 540.  20 

The receiver aircraft may then approach 905 the tanker aircraft 12; it is shown in the 

figure for example as receiver aircraft 20.  The receiver aircraft 20 may maneuver so as 

to position or place its receptacle 22 within the pre-determined virtual volume of space 

510, located in a particular disposition with respect to the tanker, known in some 

embodiments as a refueling volume, an air refueling envelope, an engagement area, an 25 

engagement volume or an engagement region. This refueling volume may be the 

location in which the receiver receptacle is supposed to remain, e.g. for safety reasons, 

during the transfer or communication of fuel between the two aircraft.  Though 

refueling volume 510 is shown in the figures as a cube, for purposes of illustration, it 

could in some examples be a sphere or other shape.  In some embodiments, the 30 

refueling volume 510 may be characterized for example as described in the previously-

mentioned publication WO 2013/102903 A2, for example in parts of pages 101-108.   
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Once the receiver aircraft arrives at the engagement area/ refueling volume, and 

is positioned in such a way that the receptacle is stabilized within refueling volume 510, 

that is that an engagement area specification condition has been met, fueling operations 

for the particular receiver aircraft may begin.  In some embodiments, it may be 

considered unsafe to the receiver aircraft 20, to the receiver's crew, and/or to the in-5 

flight refueling system 50, for the refueling device 100 to approach the receiver aircraft  

20 until the receptacle's disposition in the refueling volume 510 is stable. In some 

embodiments, a determination that such stabilization has occurred, and that such an 

engagement area specification condition has been met, may, for example, be performed 

autonomously by the controller 305, or for example may be communicated to the 10 

controller.  

In response to an indication that the receiver aircraft  meets such an engagement 

area specification condition, a determination may now be made that the refueling device 

100 should approach the receiver aircraft 20 for purposes of engagement and refueling.  

In some examples the controller 305 may obtain or determine the position of the 15 

receptacle 22, and set the receptacle position to constitute the desired position of the 

refueling device.  The refueling device 100 may then begin maneuver 910 away from 

the waiting point 540 towards the receiver aircraft 20, making use of control surfaces 

220A, 220B, and/or 220C, so as to possibly bring its fueling nozzle 236B substantially 

to one or more engagement enabling positions in close proximity with the fueling 20 

receptacle 22, and then possibly have the nozzle selectively engage, or connect with, or 

mate with, the receptacle, e.g. in response to an engagement command.  In some 

embodiments, the engagement could be accomplished, for example, by mechanical 

means initiated by the receiver aircraft 20 or by the refueling device 100,  well known in 

the existing art.  In some embodiments, the engagement enabling position, may be 25 

characterized for example as described in the previously-mentioned publication WO 

2013/102903 A2, for example in parts of pages 101-108.   

Control of this approaching movement, sending maneuvering and steering 

commands so as to arrive at an engagement enabling position, to align the spatial 

disposition of the nozzle with the receptacle, and/or to engage, may in some embodiments 30 

be performed by response-mode control module 370, the maneuvering and steering control 

module 373 and/or engagement/disengagement control module 390, 392, as well as by 
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actuators interface module 365.  Example embodiments of control and steering methods 

and systems, to accomplish the approach to the receiver aircraft 20 up to and including 

engagement and refueling, as well as example tools and sensors that may be utilized to 

accomplish such methods, are described in WO 2013/102903 A2 (Publication date 11 July 

2013), for example in parts of pages 99-114, 119-133, 133-130, 139-140, and in related 5 

figures.  Example methods and systems for engaging the nozzle and the receptacle, using 

force generating arrangements or clamps, are described, for example, in parts of pages 78-

81. Example methods and spatial control systems for control of moving and positioning 

the boom member, so as to enable engagement, are described e.g. in parts of pages 66-68.   

In general, this publication also describes use of adjustable control surfaces e.g. 220A, 10 

220B, 220C, to maneuver the refueling device 100 and adjust its position and attitude 

along the various axes. Therefore the full contents of this publication are incorporated by 

reference herein where appropriate for appropriate teachings of additional or alternative 

details, features and/or technical background. 

In order to enable the refueling device's 100 approach to the receiver aircraft 20, in 15 

some embodiments there may be a need to extend the hose 52, and/or possibly to retract it, 

so as to achieve for example the desired longitudinal (fore and aft) position of the refueling 

device  relative to the tanker aircraft 12.  In some embodiments, the process described with 

regard to any of Figs. 6, 7, 8a and/or 8b may be utilized to enable to achieve this 

movement of the hose, and to enable, possibly in conjunction with controlled adjustment 20 

of control surfaces 220A, 220B, and/or 220C as described above, approach of the nozzle 

236B to the receptacle 22 up to and including engagement.  In such cases, the controller 

may obtain the position of the receptacle 22 on receiver aircraft 20, and may set it to 

constitute the desired position 930 for the refueling device 100 to reach.  Note that in some 

embodiments, during the approach of the refueling device to the receiver aircraft 20, the 25 

value of the parameter "desired position" 930 may be updated 940 one or more times, as 

the receptacle's position changes relative to the tanker aircraft 12, as the receiver aircraft 

may be more or less successful in maintaining an exactly constant disposition relative to 

the tanker aircraft during its formation flight.  In some embodiments, this change may be 

reflected in for example the control processes exemplified in Figs. 8a and/or 8b, for 30 

example in step 805 and/or in 8003.  In response to an indication of such a an update in the 

receptacle position, these control processes may update the value of e.g. "desired position" 

930, 805,  8003, so that the updated receptacle position 940 constitutes the desired position 
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805, 8003, and the process described with regard to any of Figs. 6, 7, 8a and/or 8b may be 

performed in respect of this updated receptacle position.  Note also that in some 

embodiments, the controller may obtain the refueling device's 100 current position 810, 

8005 relative to the receiver aircraft, making use of one or more of the position sensors 

320.  5 

Fig. 9 describes an example of, in response to an indication that at least one 

receiver aircraft meets an engagement area specification condition (e.g. an indication of 

arrival of such a receiver aircraft in an refueling volume), obtaining the position of the 

receptacle located on the receiver aircraft, setting the position of the receptacle to 

constitute the desired position of the refueling device, and performing the methods of any 10 

of Figs. 6, 7, 8a and/or 8b in respect of the receptacle position, and, in case of an 

indication of an update in the receptacle position, performing the methods of any of Figs. 

6, 7, 8a and/or 8b in respect of the updated receptacle position, e.g. for the purpose of 

reaching and then engaging the receptacle.   

Attention is now drawn to Fig. 10, which illustrates a possible scenario of 15 

engagement of a fueling device with a fuel receptacle, in accordance with certain 

exemplary embodiments of the presently disclosed subject matter.  Refueling device 

100 is engaged with the receptacle 22 of the receiver aircraft 20, e.g. by means of boom 

member 230B and fuel nozzle 236B.  In the example embodiment illustrated in Fig. 10, 

the receptacle, and thus the engagement point, is positioned on the upper side of the 20 

receiver's fuselage, aft of the canopy.  The refueling device  may be connected by the 

fueling hose 52 to a component 150 (not shown) attached to a tanker aircraft (not 

shown), thereby enabling transfer of fuel from the tanker aircraft to the receiver aircraft.  

Attention is now drawn to Figs. 11, which illustrate a scenario of controlled 

maneuver of a fueling device, in accordance with certain exemplary embodiments of the 25 

presently disclosed subject matter.  Turning to Fig. 11a, an example schematic 

representation of a fueling device engaged with a receiver aircraft is illustrated. The 

refueling device 100 is engaged with the receiver aircraft 20 at the receptacle 22.  In 

some embodiments, the nozzle 236B is mechanically captured to the receptacle, and 

may be unable to normally disconnect nor disengage while in this state. In certain 30 

embodiments, various control surfaces 220A, 220B and/or 220C, as well as possibly 
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airbrakes 250, may be adjusted by commands sent from controller 305. These 

adjustments may in some cases be performed to maintain proper alignment of the 

fueling device, for example maintain the pitch angle alpha 1125 between parts of the 

refueling device 100 (e.g. the boom member 230B) and the fuselage 15 of the receiver 

aircraft in a predefined range that is considered safe. In some embodiments, control of 5 

these adjustments may be performed by the maneuvering and steering control module 

373, as well as by actuators interface module 365.    

Turning to Fig. 11b, an example schematic representation of control of a 

refueling device while engaged with a receiver aircraft is illustrated. In some 

embodiments of the current subject matter, it may be desirable that when disengagement 10 

occurs, the refueling device should move away as soon as possible from the receiver 

aircraft in a safe direction, towards a safe disengagement position 1145 that is a safe 

distance from the receiver aircraft. In some embodiments, this safe disengagement 

position 1145 may be a certain distance 1130 ahead of and above the fueling device's 

position while engaged to the receiver 20.  Since in some cases the refueling device 100 15 

may undergo a whipping motion at the end of the hose 52 upon disengagement, it may 

be desirable that a "jump" or sudden quick movement to a safe position occur, so as to 

prevent the fueling device, and/or possibly the hose, from striking the canopy or 

fuselage of the receiver aircraft during such whipping, thus possibly endangering the 

aircraft and/or its crew.  Note that in some embodiments, controller 305 may send 20 

commands for adjusting  the other control surfaces e.g. 220A, 220B, 220C, to adjust to 

a position such that, upon disengagement, the aerodynamics of the refueling device 100 

may cause it to lift and move to roughly the desired safe position point above the 

receiver aircraft.  This safe disengagement position may for example be a pre-defined 

value configured in the data repository  310. 25 

In some embodiments, where the component 150 is in its response mode, it may 

be desirable that the tension continuously applied to the hose 52 be decreased, so that 

upon disengagement the component will detect the decreased tension and will apply a 

force on the hose so as to retract it to substantially the safe disengagement position.  As 

illustrated in Fig. 11b, upon disengagement, it may be desirable that the refueling 30 

device 100 will move 1135 from its position during engagement to a new safe position 

100a.  Similarly, aft end 54 of hose 52 would move from point 1140 to point 1145, and 
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hose 52 would move to position 52e.  In order to decrease the tension to the required 

level, the controller 305 may in some embodiments send a command to keep the 

airbrakes 250 in a relatively closed position.   

In some embodiments the component 150 is in its response mode, and the 

process described with regard to any of Figs. 6, 7, 8a and/or 8b may be utilized to 5 

enable to achieve this desired movement to the safe disengagement position.  This can 

be achieved in some embodiments by setting the safe disengagement position to 

constitute the desired position of point 54 on the refueling device, and applying the 

process described with regard to any of Figs. 6, 7, 8a and/or 8b in respect of the safe 

disengagement position. In some embodiments the safe disengagement position 1145 10 

may be a defined offset 1130 from the engaged hose aft end point 1140, which 

corresponds to the current position of the refueling device while engaged. The current 

position is then aft of the desired location, and the controller 305 may in some 

embodiments instruct that the airbrakes 250 be kept in a position 1155 that is not open 

by more than a certain angle beta 1160.  In some example embodiments beta 1160  may 15 

be approximately 30 degrees.   

Were the refueling device 100 not engaged with the receptacle 22, such a closing 

of the airbrakes would decrease the drag, decrease the tension on hose 52, cause the 

component 150 to detect the decreased force on the hose and to retract the hose so as to 

maintain the reference force, and thereby cause the refueling device 100 to move 20 

forward from point 1140 towards the safe disengagement point 1145, thereby 

decreasing the refueling device's distance from the tanker aircraft, as has been explained 

in detail with reference to Fig. 7 and Figs. 8a and 8b.  However, as the nozzle 236B 

and receptacle 22 are mechanically engaged, the tension force level on hose 52 does not 

drop. The loop 803 of e.g. Fig. 8a, or 8038 of Fig. 8b, may in this case occur 25 

continuously without end, and the controller 305 may continue to command the 

airbrakes to not be open 1155 more than an angle beta 1160, for as long as the refueling 

device 100 is engaged with the receiver aircraft 20 since the refueling device is held fast 

and is unable to bring the difference between the current position and the desired 

position of said refueling device within a defined threshold, per for example steps 818 30 

leading to 875.  (In the embodiment of the controller illustrated in Fig. 8b, it might be 
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said that in the engaged control situation, the difference 8010 between delta-x-command 

8003 and delta-x 8015 is unable to reach zero.)   

Note also that the value of the safe disengagement position 1145 may in some 

cases be changed to an updated safe disengagement position 1147 based on e.g. analysis 

of data regarding flight conditions, or for example based on an instruction originating 5 

from a human operator.  In such cases, in response to an indication of such an update to 

the safe disengagement position, an update may be performed so that the changed or 

updated safe disengagement position 1147 may constitute the parameter "desired 

position", and the process described with regard to any of Figs. 6, 7, 8a and/or 8b may 

be applied in respect of the safe disengagement position 1147. 10 

The logic that may be applied during the engaged state may in some 

embodiments be performed by an engaged-response-mode control module 383.  In 

some embodiments, use of this module 383 occurs in response to an indication that 

engagement has occurred.  In other example embodiments, the functions of module 383 

may be combined into the response-mode control module 370.  Indication of the change 15 

to engaged state may be sent to controller 305 by engagement/disengagement sensors 

323, 326. 

Note that in some embodiments, the indication of an engagement event may be 

an input to step 805 of Fig. 8a, wherein desired position is indicated.  Note that in some 

embodiments, "contact made" indication 8040 in Fig. 8b may serve as an indication of 20 

engagement state (e.g. engaged or not engaged), and may be an input to the PID 

controller module 8020.  Switch 8040 may also be referred to as an indication of 

engagement, or an engagement indication switch.  Similarly, in some embodiments the 

indication of engagement 8040, in the case of engagement, may also signal to PID 

controller processing circuitry 8000 that the desired position of the fueling device delta-25 

x-command 8003 should be changed, for example, to be equal to the safe 

disengagement position. 

Fig. 11b describes an example of, in response to an indication of engagement of 

the refueling device and the receptacle, obtaining a safe disengagement position, setting 

the safe disengagement position to constitute the desired position of the refueling 30 
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device, and performing the methods of any of Figs. 6, 7, 8a and/or 8b  in respect of the 

safe disengagement position, and in case of an indication of an update in the safe 

disengagement position performing the methods of any of Figs. 6, 7, 8a and/or 8b  in 

respect of the updated safe disengagement position, for the purpose of reaching and then 

engaging the receptacle.   5 

Note also that the relatively open position of the airbrakes may cause the 

refueling device 100 to pitch forward, and thus the spatial control system 300 may make 

use of the other control surfaces 220A, 220B and/or 220C to compensate and restore 

the desired pitch, using control systems methods known in the art.   

It is to be noted that throughout the refueling process, safety module 387 may 10 

monitor certain parameters, for example parameters that relate to the spatial dispositions 

between any two or more of the following: the receiver aircraft 20, the refueling device 

100 and the tanker aircraft 12, possibly in comparison to predefined reference 

thresholds or parameters or ranges, to identify possible hazardous situations.   In some 

cases, when safety module 387 identifies a hazardous situation, it can be configured  to 15 

instruct, for example maneuver and steering control module 373 and/or 

engagement/disengagement module 390, 394 to provide commands for steering and/or 

disengagement.   

Attention is now drawn to Figs. 12, which illustrate a scenario of maneuver of a 

fueling device, in accordance with certain exemplary embodiments of the presently 20 

disclosed subject matter.  The situation illustrated is one in which disengagement 

between refueling device 100 and receiver aircraft 20 has occurred.  In some 

embodiments, disengagement may be controlled by engagement/disengagement control 

module 390, 394.  In some embodiments, disengagement criteria and a disengagement 

process may be characterized for example as described in the previously-mentioned 25 

publication WO 2013/102903 A2, for example in parts of pages 114-116. 

Turning to Fig. 12a, possible behavior during disengagement is illustrated. 

Airbrakes 250 may have already been set to a relatively closed position 1235, at an 

angle smaller than angle beta 1160, during the engaged state. As the refueling device 

100 is no longer mechanically held to the receiver aircraft 20, the force applied to the 30 

hose by the receiver aircraft may drop to zero or near-zero.  Similarly, the decreased 
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drag imposed by the airbrakes may cause the tension on hose 52 to be at a very low or 

decreased level compared to the reference tension force.  In some embodiments the 

component 150 is in its response mode. The component 150 thus may detect the 

decreased tension force and may respond by retracting 1215 the hose to a position 52e 

so as to maintain the force on the hose at the reference level.  This retraction may in 5 

some embodiments cause the refueling device to move 1210, as it had attempted to do 

unsuccessfully 1135 during the engaged state.  This retraction may cause the aft end 54 

of the hose to move to safe disengagement position 1145,  in some cases by the defined 

offset 1130.  In some cases, the speed of this movement or "jump" may be high, due to 

the large force applied by the component 150 on the hose which experienced a 10 

substantial sudden drop in tension force upon disconnection from the receptacle.   

In some embodiments, the controller 305 may receive an indication that 

disengagement has occurred.  Indication of the change to disengaged state may be sent 

to controller 305 by engagement/disengagement sensors 323, 328.  In some 

embodiments, where in engaged mode control of movement was performed by 15 

engaged-response-mode control module 383, indication that disengagement has 

occurred may trigger use of response-mode control module 370 for control purposes. 

Note that in some embodiments, the indication of a disengagement event may be 

an input to step 805 of Fig. 8a, wherein the new desired position is indicated.  Note that 

in some embodiments, engagement indicator switch 8040 in Fig. 8b may serve as an 20 

indicator switch of engagement state (e.g. engaged or not engaged), and may be an input 

to the PID controller module 8020. 

Turning to Fig. 12b, control of movement after completion of disengagement is 

illustrated.  In some embodiments, the controller 305 may be configured so that in 

response to disengagement, the destination or desired position of the refueling device 25 

100 is a post-disengagement waiting point position 1240. This could be the substantially 

the same as the initial waiting position 540, or alternatively a different position. In some 

embodiments post-disengagement waiting point position 1240 may be ahead of and 

above the virtual refueling volume 510.  Post-disengagement waiting point position 

1240 may or may not be the same as the safe disengagement position 1145.  Post-30 

disengagement waiting point position 1240 may function as a waiting point position of 
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the refueling device 100 for the next receiver aircraft.  Note that in some cases, the 

controller 305 will only succeed in controlling the movement of the refueling device 

after a period of e.g. several seconds, since, as described above, the refueling device 

may "jump" towards the safe disengagement position 1145 rapidly, possibly before the 

controller 305 is able to respond and apply control.      5 

In some embodiments, the process described with regard to any of Figs. 6, 7, 8a 

and/or 8b may be utilized to enable to achieve this movement 1250 towards post-

disengagement waiting point position 1240.  The controller 305 may obtain the post-

disengagement waiting point position, and set it to constitute the desired position, e.g. as 

described regarding step 805 or delta-x-cmd in 8003.  It may perform the process 10 

described with regard to any of Figs. 6, 7, 8a and/or 8b in respect of this post-

disengagement waiting point position.  The airbrakes 250 may be adjusted continuously 

until being in airbrakes position 1245 as the refueling device 100 reaches substantially 

the post-disengagement waiting point position 1240.   

Similarly, in some embodiments there may more than one post-disengagement 15 

waiting point position.  For example, there may be a set of more than one post-

disengagement waiting point positions 1240 to which the refueling device 100 should 

move, and/or the desired post-disengagement waiting point position may change or be 

updated during the maneuver, similar to that as described regarding initial waiting point 

540.  In response to an indication of any such update in the post-disengagement waiting 20 

point position, the control processes described with regard to any of Figs. 6, 7, 8a 

and/or 8b may be performed in respect to the updated post-disengagement waiting 

point position, wherein the updated post-disengagement waiting point position is set to 

constitute the desired position. 

It should also be noted, that all waiting points, and desired positions, described 25 

herein are examples only, and others may exist in some embodiments. 

As will be further detailed herein, once the refueling device arrives at one or 

more post-disengagement waiting point positions 1240, a cyclical process of providing 

refueling services to one or more other receiver aircraft may be performed, for the 

purpose of refueling them all, if they exist.  This cycle may include e.g. waiting, 30 
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approaching, engaging, fueling, disengaging and moving to a post-disengagement 

waiting point position 1240.  The position of waiting point 1240 in some examples may 

not be the same for all of the cycles, that is for the servicing of each receiver aircraft 20.  

Thus, Fig. 12b describes an example of, in response to an indication of disengagement 

of the refueling device and the receptacle, obtaining at least one post-disengagement 5 

waiting point position, and, in respect of each of these post-disengagement waiting 

point positions, setting it to constitute the desired position of the refueling device, and 

performing the methods of any of Figs. 6, 7, 8a and/or 8b in respect of that post-

disengagement waiting point position, for the purpose of refueling all of at least one 

receiver aircraft. 10 

Turning now first to Figures 15, there is illustrated an example scenario for 

rewinding a hose with refueling device attached, in accordance with certain 

embodiments of the presently disclosed subject matter.  Turning to Fig. 15a, the tanker 

aircraft 12 is flying in the direction A. In this illustration, the example embodiment is a 

pod 51 attached under the wing. In the pod is stored a component 150.  The refueling 15 

device 100 may be positioned at a waiting point position 1540, relative to the position 

of the tanker aircraft, that is forward and above the refueling volume 510.  As the tanker 

aircraft may in some cases be about to end refueling operations for a certain set of 

receiver aircraft, this waiting point may be referred to as a final waiting point position 

1540.  In some embodiments, this final waiting point position 1540 may be substantially 20 

the same as one of the intermediate post-disengagement waiting point positions 1240 at 

which the refueling device previously awaited arrival of receiver aircraft.  In some 

embodiments, this final waiting point position 1540 may be substantially the same as 

the initial waiting point position 540.  

A determination or decision may in some cases be made to change the 25 

component's 150 winding operational mode to rewind mode, to rewind the hose and 

cease waiting for receiving aircraft.   The component may retract or rewind 1510 the 

hose 52 until it is substantially fully rolled up back to or into component 150, in some 

embodiments located within pod 51.  Note that rewind mode of component 150 is 

optional. 30 
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Turning now to Fig. 16b, it illustrates a generalized flow chart, in accordance 

with certain exemplary embodiments of the presently disclosed subject matter.  One 

possible behavior of the fueling device in the case of rewind mode is shown, as flow 

chart 1650.  In response to the component 150 changing 1653 to rewind mode, the 

controller 305 of refueling device 100 receives an indication 1657 of this change to 5 

rewind mode, and itself changes 1660 to a "rewind control mode" that supports 

component's 150 rewind mode.  Upon this change in controller mode, in some 

embodiments the controller, e.g. using its rewind-mode control module 380, may send a 

command 1670 for adjusting the state of one or more force generating arrangements 

(e.g. airbrakes 280B).  In some embodiments the state or position 1505 of the airbrakes 10 

during the rewind, may be adjusted to assist in controlling the rate of the rewinding of 

the hose by the component 150.  In step 1680 the airbrakes may adjust as commanded. 

For simplicity of explanation, the above discussion assumed that upon making a 

decision to rewind the hose and cease waiting for receiver aircraft, the controller 305 

will first cause movement to a final waiting point position 1540, and then the 15 

component 150  switches over to its rewind mode.  In some cases, in response to a 

decision to cease waiting for receiver aircraft, the component may immediately change 

to rewind mode, and begin a process such as described with reference to Fig. 16b, 

without the refueling device first being maneuvered to a final waiting point position 

1540. 20 

 It is noted that the teachings of the presently disclosed subject matter are not 

bound by the flow chart illustrated in Fig. 16b.  The illustrated operations can occur out 

of the illustrated order.  Similarly, some of the operations or steps can be integrated into 

a consolidated operation or can be broken down to several operations, and/or other 

operations may be added.  It is also noted that whilst the flow chart is described with 25 

reference to system elements that realize them, such as for example controller 305, this 

is by no means binding, and the operations can be performed by elements other than 

those described herein. 

Turning to Fig. 15b, it illustrates an embodiment where the hose 52 may be in a 

rolled-up state after completion of rewind, and the hose and the refueling device 100 are 30 
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stored in or adjacent to the component 150.  Component 150 may be stored in pod 51, 

attached or integral to tanker aircraft 12. 

Before continuing, it should be noted at this point, that for simplicity of 

exposition, "desired position" and "current position" of the refueling device 100, for 

example as described with reference to steps 805 and 810, have been described in terms 5 

of a single point on the body of refueling device 100, e.g. points 540, 545, 930, 940, 

1145, 1147, 1240, 1540.  In fact, at various stages of movement control, the control 

system 300 may attempt to move a different point or part of the refueling device to its 

desired position, rather than always performing determinations with respect to the same 

identical point on the body of refueling device 100.  As a non-limiting example of this, 10 

desired positions such as the waiting points 540, 545, 1145, 1147, 1240 and 1540 have 

been described with reference to aft end 54 of the hose, which represents the point at 

which refueling device 100 connects to hose 52, while other desired positions such as 

points 930, 940 have been described with respect to nozzle 236B, located at one end of 

boom member 230B, which may be located at a different part of the body of refueling 15 

device 100.  In addition, the control method may consider the position  of more than one 

single point on the body of the refueling device  when making control decisions.   

Having described example scenarios of control of refueling device 100 

maneuver, attention is now turned to example scenarios of a fueling mission.  Attention 

is drawn to Fig. 13, which illustrates an example of a generalized sequence of 20 

operations carried out for performing one possible scenario of an airborne refueling 

mission, in accordance with certain embodiments of the presently disclosed subject 

matter.  In step 1305 of scenario 1300, a tanker aircraft 12 may be in the general 

location of one or more receiver aircraft, and a decision may be made by a human 

operator or system to begin refueling operations.  The tanker aircraft may have a fueling 25 

device 100 that is attached by means of a non-rigid hose 52 to a component 150. 

In step 1310, the component's 150 mode of winding operation may be changed 

to full trail mode, or alternatively may already be in that mode. Note that in all cases of 

changing modes, the determination and indication to change the mode may in some 

embodiments be internal to the component, or may be communicated by another system 30 

or human operator.  In step 1315, the controller 305 associated with refueling device 
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100 may change to its full trail control mode, for example by activating full-trail-mode 

control module 375, in response to the component change of mode.   

In step 1320, the component 150 may extend the hose 52 to its full trail, thus 

moving also the fueling device 100.  In some embodiments, this action may be 

performed substantially as described with reference to Fig. 5a and 5b, and/or Fig. 16a, 5 

and point 520..  This step is optional. 

In step 1330, the component 150 may switch over to its response mode of 

winding.  In step 1333 the controller 305 associated with refueling device 100 may 

receive an indication of this component mode change.  In step 1335, in response to this 

indication that the component changed to response mode, whereby it is configured to 10 

maintain a reference force on the hose, the controller may itself switch over to its 

response control mode, for example by activating response mode control module 370.   

In step 1340, the controller may obtain at least one initial waiting point position 

move to this initial waiting point, or set of waiting points, and await arrival of at least 

one receiver aircraft.  In some embodiments, this movement may be performed 15 

substantially as described with reference to Fig. 5c and point 540.  In some 

embodiments, the process described with regard to any of Figs. 6, 7, 8a and/or 8b may 

be utilized to enable refueling device 100 to achieve this movement to initial waiting 

point 540.  The process described in these figures, and with regard to steps 1333, 1335 

and 1340, may be considered an example of a controller responding to an indication 20 

that the component changed to a response mode, by obtaining at least one waiting point 

position at which the fueling device will await arrival of at least one receiver aircraft, 

and in respect of each one of these waiting point positions, setting the waiting point 

position to constitute the desired position of the fueling device, and performing the steps 

or applying the controls described in Figures 8a or 8b in respect of that waiting point 25 

position, and in case of an indication of an update in the waiting point position, setting 

the updated waiting point position to constitute the desired position of the fueling device 

and performing the steps or applying controls in respect of the updated waiting point 

position. 
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In step 1350, which is a very generalized step, or more receiver aircraft may be 

refueled. A determination may be made that no more receiver aircraft are waiting for 

refueling by this tanker aircraft 12. At this point in time, the refueling device 100 may 

be located at final waiting point 1540.  More expanded detail on possible actions in step 

1350 is detailed further herein with respect to Fig. 14. 5 

In step 1360, the HDU component 150 may change over to its rewind mode of 

winding. In step 1365 the controller 305 may respond to the change in the component 

150 mode by itself changing over mode to its rewind control mode, for example by 

activating rewind-mode control module 380.  In step 1370, the component rewinds the 

hose, along with the refueling device 100, back to or into itself.  In some embodiments, 10 

this movement may be performed substantially as described with reference to Figs. 15a 

and 15b, and/or Fig. 16b.   This step is optional. 

Upon completion of rewind, at step 1380, the fueling operation may have ended 

for this particular fueling system 50.   

It should be noted that this flow, which shows full trail and rewind modes of the 15 

component 150, is an example only.  The presently disclosed subject matter is 

applicable as well, in embodiments where the full trail mode and/or the rewind mode of 

operation do not exist in the component 150. 

Attention is now drawn to Fig. 14, which illustrates an example generalized 

sequence of operations carried out for performing one possible scenario within an air-20 

to-air refueling mission, in accordance with certain embodiments of the presently 

disclosed subject matter.  In some embodiments, the flow 1400 of Fig. 14 may describe 

an expanded view of the step 1350.  The flow may start at 1403.  

In step 1405, the refueling device 100 may be waiting at a waiting point.  In 

some example embodiments this may be the initial waiting point 540, while in other 25 

example embodiments this may be an intermediate post-disengagement waiting point 

1240. In step 1410, a receiver aircraft 20 may approach the tanker, and may in some 

embodiments maneuver so that its receptacle 22 is within the refueling volume 510.  In 

step 1415, it may be determined, for example by the controller 305, that the receiver 

aircraft has arrived in, and possibly is stabilized within, the refueling volume 510.  30 
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In step 1420, in response to an indication of this arrival of the receiver aircraft in 

the refueling volume, the controller may obtain the position of the receptacle located on 

the receiver aircraft, and may set this position to constitute the desired position of the 

refueling device.  The refueling device may then move towards the receptacle position 

of receiver aircraft 20.  In step 1425 the fueling device may have drawn near enough to 5 

receiver 20, and may engage with receptacle 22 located on the receiver, e.g. by means 

of nozzle 236B.  In some embodiments these maneuver and actions may be performed 

substantially as described with reference to Fig. 9.   

In some embodiments, the process described with regard to any of Figs. 6, 7, 8a 

and/or 8b may be utilized to enable the refueling device 100 to achieve the movement 10 

to the receptacle position as described with regard to step 1420, e.g. repeatedly 

performing the steps or applying the controls described with respect to Figs. 8a or 8b, 

in respect of the position of the receptacle, and performing them in respect of any 

updated receptacle position, in case of an indication of such update or change in the 

receptacle position. In such cases each updated receptacle position will constitute the 15 

desired position. As exemplified in step 1425, the step 1420 may be performed for the 

purpose of reaching and then engaging the receptacle. 

In step 1428, the refueling device 100, for example via the controller 305 

associated therewith, may in some embodiments respond to an indication of 

engagement by changing to a mode so as to control movement while in engaged state.  20 

In some examples, this may be accomplished by means engaged-response-mode control 

module 383.  In step 1430, the refueling device 100 and receiver aircraft 20 are 

engaged, and fueling may occur.  In some embodiments the controller 305 may control 

its attitude with respect to the fuselage and canopy of receiver aircraft, possibly as 

described with regard to Figure 11a.   25 

In some embodiments, during step 1430, in response to the indication of 

engagement of the refueling device and the receptacle, the controller 305 may obtain a 

safe disengagement position, and set the safe disengagement position to constitute the 

desired position of the fueling device.  It may in step 1430 repeatedly perform the steps 

or apply the controls described with respect to Figs. 8a or 8b, in respect of the safe 30 

disengagement position, for the purpose of controlling the airbrakes 250 so as to prepare 
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for movement to this safe disengagement position 1145.  In case of case of an indication 

of an update in the safe disengagement position, these steps or controls will be 

performed in respect of the updated or changed safe disengagement position, which will 

constitute the desired position.  In certain embodiments these controls may be 

performed substantially as described with reference to Fig. 11b.  In some embodiments, 5 

the process described with regard to any of Figs. 6, 7, 8a and/or 8b may be utilized to 

enable the refueling device 100 to achieve the above-described preparation for 

movement to safe disengagement position 1145. 

In step 1440 disengagement between the refueling device and the receiver 

aircraft may occur, whether planned (e.g. at completion of fueling the particular receiver 10 

aircraft), or possibly unplanned, e.g. due to some malfunction. In step 1445 the 

refueling device may move away from the receiver aircraft 20 in a safe direction, 

towards the safe disengagement point 1145.  

In step 1448, in some embodiments the controller 305 associated with the 

refueling device 100 may leave the special mode or configuration associated with the 15 

engagement state.  In step 1450, the controller may obtain one or more waiting points, 

e.g. post-disengagement waiting point positions, and refueling device 100 may move to 

the waiting point. In some embodiments, this movement may be performed to enable 

waiting for the approach of another receiver aircraft 20.  In some embodiments, the 

disengagement, and/or change of mode or state, and/or a movement to a waiting point 20 

may be performed substantially as described with reference to Figs. 12a and 12b.  In 

some embodiments, a waiting point reached may be post-disengagement waiting point 

1240.   

In some embodiments, the process described with regard to any of Figs. 6, 7, 8a 

and/or 8b may be utilized to enable to achieve this movement 1450 towards the waiting 25 

point.  For example, the controller 305 may, in response to an indication of 

disengagement of the refueling device and the receptacle, obtain at least one post-

disengagement waiting point position, and may set this position to constitute the desired 

position of the refueling device.  It may repeatedly perform the steps or apply the 

controls described with respect to Figs. 8a or 8b, in respect of the post-disengagement 30 

waiting point, and perform them as well for any additional, updated or changed post-
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disengagement waiting points.  These post-disengagement waiting points will constitute 

waiting points in the sense described with regard to, for example, points 540 and 1240, 

and each in turn will constitute the desired position.  

 Note that a purpose of that described in Fig. 14 is to refuel all receiver aircraft 

that are to be refueled by the fueling system in this mission.  Thus the steps described in 5 

this figure may be performed for each next receiver aircraft within the set of all such 

receiver aircraft. In a trivial case, there may be only one such receiver aircraft, and thus 

in some cases there may be no "next" receiver aircraft.  A determination 1460 may be 

made whether or not additional receiver aircraft 30 have not refueled but are waiting to 

approach the tanker aircraft 12 and undergo refueling.  If the result of the determination 10 

is "Yes", that is additional receiver aircraft should connect to the particular instance of 

fueling system 50, the process may in some embodiments loop back 1465 to step 1405, 

and the fueling device may wait at an appropriate post-disengagement intermediate 

waiting point 1240 (or possibly move through a set of points and wait), for the next 

receiver aircraft to approach the refueling volume 510.  The position of waiting point 15 

1240 in some examples may not be the same for all of the loops, that is for the servicing 

of each receiver aircraft. 

If, on the other hand, the result of the determination is "No", that is no additional 

receiver aircraft are to refuel by means of the particular deployed refueling device 100, 

then flow 1470 may be followed, and actions 1480 may be taken to rewind the hose 52 20 

and refueling device 100. In some embodiments, step 1480 may be performed 

substantially as described with regard to steps 1360, 1365 and/or 1370 of Fig. 13.  Note 

that it is possible that the refueling system 50 may be used in some cases to fuel only 

one receiver aircraft, in which case loop 1465 does not occur at all. 

Note that Figs. 13 and 14 describe an example method of maneuvering a 25 

refueling device, using processes or methods described with regard to any of Figs. 6, 7, 

8a and/or 8b to desired positions that include, as non-limiting examples: waiting point 

positions such as initial waiting point position, updated waiting point positions 

(including updated initial waiting point position), position of a receptacle located on a 

receiver aircraft, updated position of the receptacle, safe disengagement position, 30 
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updated safe disengagement position, post-disengagement position, updated post-

disengagement position, and final waiting point position.   

It is noted that the teachings of the presently disclosed subject matter are not bound 

by the flow charts illustrated in Figs. 13 and 14.  The illustrated operations can occur out 

of the illustrated order. For example, operations 1310 and 1315 shown in succession can be 5 

executed substantially concurrently or in the reverse order.  This applies also, for example, 

to steps 1450 and 1460.  Similarly, some of the operations or steps can be integrated into a 

consolidated operation or can be broken down to several operations, and/or other 

operations may be added.  It is also noted that whilst the flow chart is described with 

reference to system elements that realize them, such as for example controller 305 10 

comprising processing circuitry 350, this is by no means binding, and the operations can be 

performed by elements other than those described herein. 

In embodiments of the presently disclosed subject matter, fewer, more and/or 

different stages than those shown in Figs. 5 to 16 can be executed. In embodiments of the 

presently disclosed subject matter one or more stages illustrated in Figs. 5 to 16 can be 15 

executed in a different order and/or one or more groups of stages may be executed 

simultaneously.  

In the claims that follow, alphanumeric characters and Roman numerals used to 

designate claim elements are provided for convenience only, and do not imply any 

particular order of performing the elements. 20 

It should be noted that the word “comprising” as used throughout the appended 

claims is to be interpreted to mean “including but not limited to”. 

While there has been shown and disclosed examples in accordance with the 

presently disclosed subject matter, it will be appreciated that many changes may be made 

therein without departing from the spirit of the presently disclosed subject matter. 25 

It is to be understood that the presently disclosed subject matter is not limited in 

its application to the details set forth in the description contained herein or illustrated in 

the drawings. The presently disclosed subject matter is capable of other embodiments 

and of being practiced and carried out in various ways. Hence, it is to be understood that 

the phraseology and terminology employed herein are for the purpose of description and 30 
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should not be regarded as limiting. As such, those skilled in the art will appreciate that 

the conception upon which this disclosure is based may readily be utilized as a basis for 

designing other structures, methods, and systems for carrying out the several purposes 

of the present presently disclosed subject matter. 

It will also be understood that the system according to the presently disclosed 5 

subject matter may be, at least partly, a suitably programmed computer. Likewise, the 

presently disclosed subject matter contemplates a computer program product being 

readable by a machine or computer, for executing the method of the presently disclosed 

subject matter or any part thereof. The presently disclosed subject matter further 

contemplates a non-transitory machine-readable or computer-readable memory tangibly 10 

embodying a program of instructions executable by the machine or computer for 

executing the method of the presently disclosed subject matter or any part thereof.  The 

presently disclosed subject matter further contemplates a non-transitory computer 

readable storage medium having a computer readable program code embodied therein, 

configured to be executed so as to perform the method of the presently disclosed subject  15 

matter. 

Those skilled in the art will readily appreciate that various modifications and 

changes can be applied to the embodiments of the invention as hereinbefore described 

without departing from its scope, defined in and by the appended claims.  
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CLAIMS: 

1. A method of controlling maneuver of a refueling device, 

comprising: 

(a) providing the refueling device that is attached by means of a non-rigid 

hose to a component of an aircraft, said component is configured to selectively maintain 5 

a reference force on said hose, and a controller, associated with said refueling device, 

and comprising a processing circuitry to perform the following:    

(b) obtaining  a desired position of said refueling device; 

(c) obtaining a current position of said refueling device; 

(d)  determining, based on at least the current position and the desired 10 

position of said refueling device, whether to extend or retract said hose; 

(e) sending a command for adjusting the state of one or more force 

generating arrangements that are attached to said refueling device, causing said 

component of an aircraft to detect a changed force on the hose and to maintain said 

reference force on the hose, thereby changing the distance between the refueling device 15 

and the aircraft; 

(f) repeatedly performing said (b) to (e) until the difference between the 

current position and the desired position of said refueling device is within a defined 

threshold. 

2. The method of claim 1, wherein said command further comprises: 20 

in response to said determination being to extend the hose, a command for adjusting 

said state of one or more force generating arrangements, so as to increase the force on 

the hose, thereby causing said component of an aircraft to detect the increased force and 

to extend the hose so as to maintain said reference force on the hose, thereby increasing 

the distance between the refueling device and the aircraft; 25 

in response to said determination being to retract the hose, a command for 

adjusting said state of one or more force generating arrangements, so as to decrease the 

force on the hose, thereby causing said component of an aircraft to detect the decreased 

force and to retract the hose so as to maintain said reference force on the hose, thereby 

decreasing the distance between the refueling device and the aircraft. 30 

3. The  method of any one of Claims 1 or 2, further comprising: 

in response to an indication of an update in said desired position, performing said (b) to 

(f) in respect of said updated desired position. 
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4. The  method of any one of Claims 1 or 2, further comprising: 

 performing said (b) to (f), for at least one of the following desired positions: an at least 

one waiting point position, an updated waiting point position, a position of a receptacle 

located on a receiver aircraft, an updated position of the receptacle, a safe 

disengagement position, an updated safe disengagement position and an at least one 5 

post-disengagement waiting point position. 

5. The  method of Claim 4, performed for one or more additional 

receiver aircraft; whereby one or more receiver aircraft can be refueled. 

6. The method of any one of Claims 1 or 2, further comprising:  

i) in response to an indication that said component changed to a 10 

response mode, whereby said component is configured to maintain 

said reference force on the hose, obtaining at least one waiting point 

position at which the refueling device will await arrival of at least one 

receiver aircraft; 

ii) in respect of each one of said at least one waiting point positions: 15 

A. setting said waiting point position to constitute the desired 

position of the refueling device; 

B. performing said (b) to (f) of Claim 1 in respect of said 

waiting point position, and in case of an indication of an 

update in said waiting point position, setting said updated 20 

waiting point position to constitute the desired position of the 

refueling device and performing said (b) to (f) in respect of 

said updated waiting point position,    

iii) in response to an indication that one of at least one receiver aircraft 

meets an engagement area specification condition, obtaining the 25 

position of a receptacle located on said receiver aircraft, setting said 

position of the receptacle to constitute the desired position of the 

refueling device,  

and  performing said (b) to (f) in respect of said position of the 

receptacle, and in case of an indication of an update in said position of 30 

the receptacle, setting said updated position of the receptacle to 

constitute the desired position of the refueling device and performing 
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said (b) to (f)  in respect of said updated position of the receptacle, for 

the purpose of reaching and then engaging said receptacle;        

iv) in response to an indication of engagement of the refueling device and 

the receptacle, obtaining a safe disengagement position, and setting 

said safe disengagement position to constitute the desired position of 5 

the refueling device; 

v) performing said (b) to (f) in respect of said safe disengagement 

position, and in case of an indication of an update in said safe 

disengagement position, setting said updated safe disengagement 

position to constitute the desired position of the refueling device and 10 

performing said (b) to (f) in respect of said updated safe 

disengagement position; and   

vi) in response to an indication of disengagement of the refueling device 

and the receptacle, performing, for each next receiver aircraft of at 

least one receiver aircraft: 15 

A. obtaining at least one post-disengagement waiting point 

position;  

B. performing said (ii) to (v), wherein each one of said at 

least one post-disengagement waiting point position 

constitutes each one of said at least one waiting point 20 

positions;  

whereby one or more receiver aircraft can be refueled. 

7. The method of any one of claims 4 to 6, wherein said receptacle is 

a fuel receptacle.      

8. The method according to any one of Claims 4 to 7, wherein said 25 

safe disengagement position is the current position of the refueling device adjusted by 

an offset. 

9. The method according to any one of claims 1 to 8, wherein said 

determining whether to extend or retract said hose, is based also on at least one of the 

current velocity of the refueling device and the current acceleration of the refueling 30 

device. 

10. The method according to any one of claims 1 to 9, wherein said 

adjusting the state of the force generating arrangements is performed while factoring  at 
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least one of the current velocity of the refueling device and the current acceleration of 

the refueling device. 

11. The method according to any one of the claims 1 to 10, wherein 

said desired position and current position are distances from said component of an 

aircraft. 5 

12. The method according to claim 11, wherein said distances are in 

the direction fore and aft. 

13. The method according to any one of Claims 11 or 12, wherein 

said distances are between the refueling device and the point where the hose exits one of 

the  aircraft or the component of the aircraft. 10 

14. The method according to any one of claims 1 to 13, wherein said 

component of an aircraft is a hose winding component capable of being attached to at 

least one of: the aircraft and a pod which is attached to the aircraft.  

15. The method according to claim 14, wherein said hose winding 

component is a Host Drum Unit (HDU).  15 

16. The method according to any one of claims 1 to 15, wherein said 

aircraft is a tanker aircraft, said hose is a fuel hose, said refueling device includes a fuel 

delivery nozzle and said refueling device is capable of engaging and refueling said 

receiver aircraft. 

17. The method according to any one of claims 1 to 16, wherein said 20 

receiver aircraft is a combat aircraft. 

18. The method according to any one of claims 1 to 17, wherein said 

refueling device is unmanned. 

19. The method according to any one of claims 1 to 18, wherein said 

refueling device does not include an independent means of propulsion. 25 

20. The method according to any one of claims 1 to 19, wherein the 

method is performed autonomously by the refueling device. 

21. A  system capable of controlling maneuver of a refueling device, 

comprising: a controller, associated with said refueling device; wherein said refueling 

device is capable of being attached by means of a non-rigid hose to a component of an 30 

aircraft, wherein said component is configured to maintain a reference force on the 

hose;  said controller comprising a processing circuitry and configured to: 

(a) obtain  a desired position of said refueling device; 
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(b) obtain a current position of said refueling device; 

(c) determine, based on at least the current position and the desired position 

of said refueling device, whether to extend or retract said hose; 

(d) send a command for adjusting the state of one or more force generating 

arrangements that are attached to said refueling device, causing said component of an 5 

aircraft to detect a changed force on the hose and to maintain said reference force on the 

hose, thereby changing the distance between the refueling device and the aircraft; 

(e) repeatedly perform said (a) to (d) until the difference between the current 

position and the desired position of said refueling device is within a defined threshold. 

22. The system of Claim 21, wherein said command further 10 

comprises: 

in response to said determination being to extend the hose, a command for 

adjusting said state of one or more force generating arrangements, so as to increase the 

force on the hose, thereby causing said component of an aircraft to detect the increased 

force and to extend the hose so as to maintain said reference force on the hose, thereby 15 

increasing the distance between the refueling device and the aircraft; 

in response to said determination being to retract the hose, a command for 

adjusting said state of one or more force generating arrangements, so as to decrease the 

force on the hose, thereby causing said component of an aircraft to detect the decreased 

force and to retract the hose so as to maintain said reference force on the hose, thereby 20 

decreasing the distance between the refueling device and the aircraft. 

23. The  system of any one of Claims 21 or 22, wherein said 

controller is further configured to: in response to an indication of an update in said 

desired position, perform said (a) to (e) in respect of said updated desired position. 

24. The  system of any one of Claims 21 or 22, wherein said 25 

controller is further configured to: repeatedly perform said (a) to (e), for at least one of 

the following desired positions: an at least one waiting point position, an updated 

waiting point position, a position of a receptacle located on a receiver aircraft, an 

updated position of the receptacle, a safe disengagement position, an updated safe 

disengagement position and an at least one post-disengagement waiting point position. 30 

25. The system according to any one of Claims 21 or 22, wherein said 

controller is further configured to: 
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i) in response to an indication that said component changed to a 

response mode, whereby said component is configured to maintain 

said reference force on the hose, obtain at least one waiting point 

position at which the refueling device will await arrival of at least one 

receiver aircraft; 5 

ii) in respect of each one of said at least one waiting point positions: 

A. set said waiting point position to constitute the desired 

position of the refueling device; 

B. perform said (a) to (e) of Claim 21 in respect of said 

waiting point position, and in case of an indication of an 10 

update in said waiting point position, setting said updated 

waiting point position to constitute the desired position of the 

refueling device and performing said (a) to (e) in respect of 

said updated waiting point position,    

iii) in response to an indication that one of at least one receiver aircraft 15 

meets an engagement area specification condition, obtain the position of a receptacle 

located on said receiver aircraft, set said position of the receptacle to constitute the 

desired position of the refueling device, and  perform said (a) to (e) in respect of said 

position of the receptacle, and in case of an indication of an update in said position of 

the receptacle, set said updated position of the receptacle to constitute the desired 20 

position of the refueling device and perform said (a) to (e)  in respect of said updated 

position of the receptacle, for the purpose of reaching and then engaging said 

receptacle;        

iv) in response to an indication of engagement of the refueling device and 

the receptacle, obtain a safe disengagement position, and setting said safe 25 

disengagement position to constitute the desired position of the refueling device; 

v) perform said (a) to (e) in respect of said safe disengagement position, 

and in case of an indication of an update in said safe disengagement position, set said 

updated safe disengagement position to constitute the desired position of the refueling 

device and perform said (a) to (e) in respect of said updated safe disengagement 30 

position; and   
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vi) in response to said indication of disengagement of the refueling device 

and the receptacle, perform, for each next receiver aircraft of at least one receiver 

aircraft: 

A. obtain at least one post-disengagement waiting point 

position; 5 

B. perform said (ii) to (v), wherein each one of said at least 

one post-disengagement waiting point position constitutes 

each one of said at least one waiting point positions;  

whereby one or more receiver aircraft can be refueled. 

26. The system according to any one of Claims 21 to 25, wherein said 10 

aircraft is a tanker aircraft, said hose is a fuel hose, said refueling device includes a fuel 

delivery nozzle and said refueling device is capable of engaging and refueling said 

receiver aircraft. 

27. The  system according to claim 25, further comprising at least one 

of: 15 

i) a response mode control module, configured to automatically perform 

said (a) to (e) while said refueling device is not engaged with said receptacle; 

ii) an engaged-response mode control module, configured to 

automatically perform said (a) to (e) while said refueling device is engaged with said 

receptacle; 20 

iii) a sensor control module, configured to operate position sensors;  

iv) an actuators interface module, configured to send said command for 

adjusting  the state of one or more force generating arrangements. 

28. The system according to claim 27, further comprising an 

engagement/disengagement control module, configured to provide at least one of: an 25 

engagement command to the refueling device for causing the refueling device to engage 

with the receptacle, and a disengagement command to the refueling device for causing 

the refueling device  to disengage from the receptacle. 

29. The system of any one of Claims 21 to 28, wherein said 

determination is provided by one of a Proportional Integral (PI) Controller and a 30 

Proportional Integral Derivative (PID) controller, comprised in the processing circuitry. 

30. The system according to any one of Claims 21 to 29, wherein the 

controller receives as input at least one of: the desired position of the refueling device; 



 - 81 - 

the current position of the refueling device; a rate of movement of said refueling device; 

an acceleration of said refueling device; an indication of engagement state; and an 

indication of current component winding mode.  

31. The system according to any one of Claims 21 to 30, wherein said 

desired position and current position are distances from said component of an aircraft. 5 

32. The system according to claim 31, wherein said distances are in 

the direction fore and aft. 

33. The system according to any one of Claims 31 or 32, wherein said 

distances are between the refueling device and the point where the hose exits one of the  

aircraft or the component of the aircraft.      10 

34. The system according to any one of Claims 21 to 33, wherein said 

component of an aircraft is a hose winding component capable of being attached to at 

least one of: the aircraft and a pod which is attached to the aircraft.  

35. The system according to claim 34, wherein said hose winding 

component is a Host Drum Unit (HDU).  15 

36. A spatial control system, comprising: the controller configured 

according to any one of Claims 21 to 35, and at least one of: 

a data store coupled to said controller; one or more position sensors coupled to said 

controller; one or more engagement sensors coupled to said controller; one or more 

external data sources coupled to said controller; said one or more force generating 20 

arrangements; actuators for said one or more force generating arrangements coupled to 

said controller and coupled to said one or more force generating arrangements; one or 

more other adjustable control surfaces; and one or more actuators for said one or more 

other adjustable control surfaces coupled to said controller and coupled to said one or 

more other adjustable control surfaces. 25 

37. The refueling device for use in in-flight refueling operation, 

comprising:  

a selectively steerable body configured for being towed by said aircraft 

via a hose at least during in-flight refueling, and comprising force generating 

arrangements configured to enable change in the force on said hose; and  30 

the controller according to any one of Claims 21 to 35. 

38. A non-transitory program storage device readable by a computer 

tangibly embodying computer readable instructions executable by the computer to 
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perform a method of controlling maneuver of a refueling device that is attachable by 

means of a non-rigid hose to a component of an aircraft, wherein said component is 

configured to selectively maintain a reference force on the hose; the method 

comprising: 

(a) obtaining  a desired position of said refueling device; 5 

(b) obtaining a current position of said refueling device; 

(c) determining, based on at least the current position and the desired 

position of said refueling device, whether to extend or retract said hose; 

(d) sending a command for adjusting the state of one or more force 

generating arrangements that are attached to said refueling device, causing said 10 

component of an aircraft to detect a changed force on the hose and to maintain said 

reference force on the hose, thereby changing the distance between the refueling device 

and the aircraft; 

(e) repeatedly performing said (a) to (d) until the difference between the 

current position and the desired position of said refueling device is within a defined 15 

threshold. 

39. The non-transitory program storage device of Claim 38, wherein 

said command further comprises: 

in response to said determination being to extend the hose, a command for adjusting 

said state of one or more force generating arrangements, so as to increase the force on 20 

the hose, thereby causing said component of an aircraft to detect the increased force and 

to extend the hose so as to maintain said reference force on the hose, thereby increasing 

the distance between the refueling device and the aircraft; 

in response to said determination being to retract the hose, a command for 

adjusting said state of one or more force generating arrangements, so as to decrease the 25 

force on the hose, thereby causing said component of an aircraft to detect the decreased 

force and to retract the hose so as to maintain said reference force on the hose, thereby 

decreasing the distance between the refueling device and the aircraft. 


