A SYSTEM AND METHOD FOR TRANSFERRING FUEL IN FLIGHT FROM A 5TANKER AIRCRAFT
TO MULTIPLE RECEIVER AIRCRAFT FIELD OF INVENTION 10 Various embodiments relate to
an aerial refueling system. In particular, embodiments relate to a trailing boom system for aerial
refueling and a method for aerial refueling of multiple receiver aircraft. 15 BACKGROUND Aerial
refueling of aircraft enables an aircraft to fly farther without landing to refuel, allows an aircraft to
continue flight in situations in which no suitable 201landing fields are available, and allows an aircraft
to carry more payload instead of fuel as this fuel can be replenished in flight. In refueling operations,
the aircraft that carries and transfers the fuel is the "tanker”, and the aircraft that receives this fuel is
the "receiver". 25The two principal conventional methods of aerial refueling are the "boom/receptacle”

method and he VermER RIS MENRIDISIF OR TRANBERRIGREP S IRtROYGHE F28tst i equipped

with a Kgid, pivoted apgNeseIRaRASM PORRIDMEL A RRE RVER Dellyork Areraircraft. To connect
30 the boom to the receptacle on the receiver aircraft, the receiver aircraft first flies into a position

below and behind the tanker. A boom operator then lowers and aligns the boom with the receiver
aircraft's receptacle before extending the boom into the receptacle to hook up the connection for fuel
transfer. 2FIELD OF INVENTION

10 :

Various embodiments relate to an aerial refueling system. In particular,
embodiments relate to a trailing boom system for aerial refueling and a method
for aerial refueling of multiple receiver aircraft.

I3

BACKGROUND

Aerial refueling of aircraft enables an aircraft to fly farther without landing

to refuel, allows an aircraft to continue flight in situations in which no suitable

20 landing fields are available, and allows an aircraft to carry more payload instead
of fuel as this fuel can be replenished in flight. In refueling operations, the aircraft

that carries and transfers the fuel is the “tanker”, and the aircraft that receives this

fuel is the “receiver”.

25 The two principal conventional methods of aerial refueling are the

“boom/receptacle” method and the “probe/drogue” method.

In the boom/receptacle method, the tanker is equipped with a rigid, pivoted

and telescoping boom at the lower aft end of the belly of the aircraft. To connect

30  the boom to the receptacle on the receiver aircraft, the receiver aircraft first flies
into a position below and behind the tanker. A boom operator then lowers and
aligns the boom with the receiver aircraft’s receptacle before extending the boom

into the receptacle to hook up the connection for fuel transfer.



In the probe/drogue method, the tanker is equipped with a flexible hose which has a drogue or basket
at one end of the flexible hose. The flexible hose may be located on each wing of the tanker. The
receiver aircraft, on the other hand, is equipped with a retractable or fixed rigid probe. To connect the
drogue 5 or basket to the probe, the tanker first trails the flexible hose with the drogue or basket. The
receiver aircraft then lines up the probe with the drogue or basket before moving forward to plug the
probe into the drogue or basket to hook up the coRnection for fuel transfer. 10The boom/receptacle

method's main difrﬁ(hﬁ@n&\eséﬁ%?h@%ﬂ%&sefhﬁamﬁw e 8%#@9@@ With angekagannakeés is due to
|

the size and weight of the conventional boom, which requires the boom tq_be designed to occupy a

position at WG h@sA Fiogee e trskebeiRnasrs: diltiadi syt erer iR MexiP&atdsarry the

boom. In tufikyihie mRARSHIA etrRkes GinienharRBiel NS ressiver Afcrificraft i dther This issue
is amplified when refueling Ii re_a?uired for multiple receiver. ircrzi\&ft For example, when multiple
i b

aircraft are 18Q0e Sifg HORR dinraarREIS S PR %gln'?/rl% ép?afbl%om?eefﬁb 1SHRPEHE receiver
aircraftscandpebafusties ticap?0bmbeViaikdhfreenaiiinge eesivts aiveeatithuisic'guegaalpi’ and wait for

their turn. I;%]? first_receiver, aircraft r ires @i{\‘/e minutes to connect with and stay "on the boom" to

top up its t i‘,eérf fligft %%%'M?Fe%@?\r/gﬁ%‘r Pa faesqu ;%' 5F ’ﬁ???\%t\évéﬁt’o%gp(%g%girx {a%ﬁgl;g%ty which time
the first receaferaimerafigvondbhdte wagdde ardienmiutbs, desgltngribdiskat/indrooksypried 15 minutes
worth of fuelbx\érglc% g;['efég{g%ﬁp@%{%celver aircraft has consumed 10 minutes worth of fuel, and so on.

This proble(r:n iS exacer when there is a high receiver-to-tanker ratio, e.g. eight receiver aircraft

per tanker. For example, in military combat aerial refueling operations, this may result 30in the

Tobtefyaving ifrenidsvalsatlulaienioe entee UenLRbiEr pRlsl g Lging. or one

fighter in a flight to have significantly lower fuel_3 than the oth ht members may result in that
fighter havifglinSeffraetiRRad! WikorptehongsubysqiseAbmitzithe Hieptannvaighiugh iebase earlier,

reducing thesRRIRIEIMGEHRNGSA BGulish ine Bl RIS issigmartocaeBts) whdingrPperations
Wil usuallyartet uelerieoweer aft end of the belly of the tanker aircraft so that the tanker can safely
carry the boom. In turn, this means that the tanker can only refuel one receiver
15 aircraft at a time. This issue is amplified when refueling is required for multiple

receiver aircraft.

For example, when multiple aircraft are requesting refueling from a tanker

using the boom/receptacle method, only one receiver aircraft can be refueled at a

20  time, while the remaining receiver aircraft must "queue up” and wait for their turn.
if the first receiver aircraft requires five minutes to connect with and stay “on the
boom” to top up its tanks, a flight of four receiver aircraft requires 20 minutes to

top up their tanks; by which time the first receiver aircraft would have waited for

15 minutes, resulting in it having consumed 15 minutes worth of fuel, while the

25  second receiver aircraft has consumed 10 minutes worth of fuel, and so on. This
problem is exacerbated when there is a high receiver-to-tanker ratio, e.g. eight

receiver aircraft per tanker.

For example, in military combat aerial refueling operations, this may result
30 in the fighters having different levels of fuel when the entire flight of fighters

completes the refueling. For one fighter in a flight to have significantly lower fuel



entire flight to cycle through the tanker again a second time to top up each fighter's tanks. While this
ensures that all fighters in the flight have as close to the same fuel state as far as possible, it also
means the entire flight will be delayed departing the tanker to perform its mission. 10 The
post-strike refueling situation may be even more critical: fighters coming off-target are likely to be low
on fuel, and some may potentially be in "emergency fuel" states, or on the verge of engine flameout. In
such situations, the receiver aircraft must expeditidusly connect up with the tanker, take on just 15

enough fuelig-keRPANINGHIgReRIN FAEerRIPVIR IANIBP YR RRIFR A0 S-Rew dRAeiR Riycraft; if the

first few receiver aircraft took longer than was necessary, those at the end of the queue would have

run out of fGRMAAIEER BERSRIHAN R SHATARIAONYH GRSV IRP I 831l paEY BIRYefueling

time becomgs peaungRGIIENesSbPAESlIVaY to reduce the overall refueling time is to have more
booms available on station, i.e. make more tankers available to reduce the receiver-totanker ratio. The

refueling operation then becomes determined by the fuel transfer rate, rather than the fuel quantity
needs of the receilghairgsast s otheacth svaibat malRiagksseatone odrddhanyisagcivaleecessary to
transfer the required. quantity of fuel. This result in less than optimal use of the tankers: it increases the
deman oSN et Eits R R B8 {BLRI B naTE e A MG RAneFSF brkers i an
operator's fliggteos itankartinvieiiettieis easaresethbo périediatessvinl thiadegbohepetiag cleseatadsien the tanker
fleet. 4 _ IReRipheidioae melnod, on e plier nand cannot e e el eq
receptacle-equipped receiver aircraft, unless'the receliver aircraft Is moditied and/or fi with a probe.
Numerous tigrestofa dueitenkeair toafe(togntiie midg®pr15, F-16, F-22) are equipped with the boom
recep{%cle, and it would be 5 impractical from a cost or technical perspective to modify these aircraft to

incorporate a refueling probe. Typically, the type of refueling system, either the receptacle or probe,
installed for a recdiber pagrattiked esigplbenfretivatierstarar ecesevengiieandtiedhfiehiedmplexity

reasons, it i, MeRGIBFRIREE 'SRSINREIR T Ak IRIAYR HOHN HRJESSRIRIR G ShRIARAIF B fAneously, as

one system would be 10unused during a refueling, and therefore constitute "dead weight.” A need
therefore exReIINIME SEBtRfPIAR BB X R38R I 8a8Ih IR RN HBIAIPRSblems. 15

SUMMARYihe receiver aircraft must expeditiously connect up with the tanker, take on just
15 enough fuel to keep flying for a few more minutes then move aside for the next
receiver aircraft; if the first few receiver aircraft took longer than was necessary,
those at the end of the queue would have run out of fuel. In these scenarios, the
limitation of single-boom tankers and its impaot_on refueling time becomes
pronounced. |
20
A possible way to reduce the overall refueling time is to have more booms
available on station, i.e. make more tankers available to reduce the receiver-to-
tanker ratio. The refueling operation then becomes determined by the fuel
transfer rate, rather than the fuel quantity needs of the receiver aircraft; in other
25 -words more tankers are needed than is actually necessary to transfer the
required quantity of fuel. This result in less than optimal use of the tankers: it
increases the demand on the tanker fleet, and may not be possible when there
are a limited number of tankers in an operator's fleet, or in wartime when
concurrent operations will place competing demands on the tanker fleet.
30



An embodiment of the invention seeks to provide an aerial refueling tanker capable of simultaneously
‘refueling two or more receptacle-equipped receiver aircraft. According to an embodiment of the
invention, the receiver aircraft 20 "queue” at the tanker described above would diminish significantly,
thereby reducing the delay due to refueling, and potentially enhancing the receiver aircraft flight's
chances of mission success. With multiple booms available, multiple receiver aircraft can be refueled
at the same time and thus the overall time taken fdr refueling a flight of multiple receiver aircraft can be

shortened. The 25receinarairciaficcaflen e aigtiar Ieshob iplotiale siBag hrygqiAgt need to

queue and refueled individually. Further, it also means that lesser number of tankers will be
required to’SGEREREIBEVHRREAUFRBRIVEF raterads diripse, Hieidersbiaartisrafeisamratsimber of

tankers Ca%ﬁéﬂﬁ@f&@d%ﬁtﬁeﬁ%@ﬁéﬂN@ﬁeiﬂ@ﬂiﬁ@é‘,o’ﬁréﬁéé‘\?@ﬁk@f@ﬁﬁo(fé'.@gtﬁé anggnipodiment has
two or more booms, the tanker will ngt 5 experience the problem of a single-boom tanker in which

refueling operation® havd4b BEaSSHEPRInY LhdRenBERMarkesRiahiss 8bd Yakife PPhe multiple
 boomssavaijfapleQrdheranker aseordingdenaicempediseettarayidasamingharey freasure that
refueling operations can always be carried. out. According to an aspect of the present invention,
there is proVERR LB LRGP oV EALY REoHRE Dl SRTE RSP Bt poc
capable of heisptackenacpeckis, netaigedrfarzohceivan ainaettt ianth s getd dhaiol éhpostantnfprising an
extendible boom for refueli ircraft in flight. A t r/fuel hose may cpnnect the parent pod and the
Cetachabie oy o A e R R Ry K B AR s e
from the aiforéfatkrbatihitiee pargmiaégedandenrsthe vl irosmubly detashalsigsiSpodautd bise extendible

boorm (o 2 IS AT rorud s SHHIEMLRER DR RMRPUER 4 flaheontrol system to control the

positioning e deta e pod.

A need therefore exists to provide a solution that seeks to address at

least some of the above problems.
15  SUMMARY

An embodime-ht of the invention seeks to provide an aerial refueling tanker
capable of simultaneously refueling two or more receptacle-equipped receiver
aircraft. According to an embodiment of the invention, the receiver aircraft

20 “gueue” at the tanker described above would diminish significantly, thereby
reducing the delay due to refueling, and potentially enhancing the receiver
aircraft flight's chances of mission success. With multiple booms available,
multiple receiver aircraft can be refueled at the same time and thus the overall
time taken for refueling a flight of multiple réceiver aircraft can be shortened. The

25  receiver aircraft can also have similar level of fuel state since they do not need to
gueue and refueled individually.

Further, it also means that lesser number of tankers will be reguired to
support the same number of receiver aircraft, or, in other words, the same
30  number of tankers can support more receiver aircraft. In addition, as the tanker

according to an embodiment has two or more booms, the tanker will not



20The system may further comprise an automatic collision avoidance system for preventing the
detachable pod from colliding with the receiver aircratft. The system may further comprise a
refueling operation control system for monitoring and controlling various aspect of the refueling
operation. 25 The parent pod may comprise director lights for guiding the receiver aircraft into a
position for connection with the extendible boom. The detachable pod may comprise control
surfaces for maneuvering the 30 detachable pod. % The detachable pod may comprise sensors for

monitoring £, Eeeiver Al iRlblem of KNSIRBIEHIRAN BAKSCMAIARR PERIRGEasErkagR{guration for

housing 5 the detachable pod. A gimbal me¢hanism may actuate the boom. T oom may comprise

a telescopihgYgne \Wﬁfﬁﬁ%@@dﬁéh%Egﬁjboom&%k@m&‘f&%ﬁ@tﬁéﬁa@ﬁ@&r@f thieepredBpleinvention,
there is proyisiad aArinahakia pod fasian aedaldelyednthysisouithendeirradrag rising an

extendible boom for refueling aircraft in flight and a flight control system for controlling flight control

surfaces oﬁ?@ﬁ@'ﬁﬁéﬁﬁbf@fﬁﬁm QREFRIRRS /e always be carried out.

3
According to an aspect of the present invention, there is provided a trailing
boom system for aerial refueling, the system comprising a parent pod capable of
being connected to a wing or a body of an aircraft and a detachable pod
comprising an extendible boom for refueling aircraft in flight.
10

A tether/fuel hose may connect the parent pod and the detachable pod.

The system may further comprise a fuel transfer system for transferring
fuel from the aircraft through the parent pod, the tether/fuel hose, the detachable

15 - pod and the extendible boom to a receiver aircraft.

The system may further comprise a flight control system to contrbl the
positioning of the detachable pod.

20 The system may further comprise an automatic collision avoidance system

for preventing the detachable pod from colliding with the receiver aircrafi.

The system may further comprise a refueling operation control system for
monitoring and controlling various aspect of the refueling operation.
25
The parent pod may comprise director lights for guiding the receiver

aircraft into a position for connection with the extendible boom:.

The detachable pod may comprise control surfaces for maneuvering the
30  detachable pod.



15detachable pod in flight. The detachable pod may further comprise sensors for monitoring the
receiver aircraft. 20A gimbal mechanism may actuate the boom. The boom may comprise a
telescoping tube within an outer tube. The detachable pod may further comprise an automatic
collision 25 avoidance system. According to another aspect of the present invention, there is
provided a method for aerial refueling, the method comprising refueling an aircraft in flight via a trailing
boom system for aerial refueling, wherein the systém comprises a 30 parent pod capable of being

connected to a wingoraBRANNE ARAIRA( ABhprislashakisPRs GABMIHAG Aneeriaarible boom for

refueling aircraft in flight. 7 A tether/fuel hose may connect the parent pod and the detachable pod;
The systen@ﬁ%ﬁ?ﬂurther comprise a fuel transfer system for transferring 5fuel from the aircraft through
the parent pod, the tether/fuel hose, the detachable pod and the extendible boom to a receiver aircraft.

The system may further comprise a flight control system to control the ositi_oning of the detachable
pod. The parent pod may comprise a semi-recessed configuration for housing

5 the detachable pod.
A gimbal mechanism may actuate the boom.

The boom may comprise a telescoping tube within an outer tube.
10 _

According. to another aspect of the present invention, there is provided a
detachable pod for an aerial refueling system, the detachable pod comprising an
extendible boom for refueling aircraft in flight and a flight conirol system for
controlling flight control surfaces on the detachable pod to maneuver the

15 detachable pod in flight.

The detachable pod may further comprise sensors for monitoring the

receiver aircraft.
20 A gimbal mechanism may actuate the boom.
The boom may comprise a telescoping tube within an outer tube.

The detachable pod may further comprise an automatic collision

25 avoidance system.

According to another aspect of the present invention, there is provided a

method for aerial refueling, the method comprising refueling an aircraft in flight

via a trailing boom system for aerial refueling, wherein the system comprises a

30 parent pod capable of being connected to a wing or a body of an aircraft and a

detachable pod comprising an extendible boom for refueling aircraft in flight.



10 The system may further comprise an automatic collision avoidance system for preventing the
detachable pod from colliding with the receiver aircraft. The system may further comprise a
refueling operation control system for 15monitoring and controlling various aspect of the refueling
operation. The parent pod may comprise director lights for guiding the receiver aircraft into a
position for connection with the extendible boom. 20The detachable pod may comprise control
surfaces for maneuvering the detachable pod. 7The detachable pod may comprise sensors for
monitoring the receiver aircraft. The parent pod may comprise a semi-recessed configuration for
housing the detachable pod. A gimbal mechanism may actuate the boom. 8 The step of refueling

an aircraft in flightvig@ R ifing BooRYsSREeCidh s driprifaeriRPedhp Hstachblsid®9siof reeling out

the detachable pod from the parent pod to a predefined deployed position, guiding the receiver aircraft
into a 5 position for connection, flying the detachable pod to a contact position, lowering and extending

the boom for connB& Y #eRe PeYelVENST GARPHRE EofHR FRRSLEYBisRy Y. YemstgEipo
DESCRIPTHGINfRIm RANEEShrough the parent pod, the tether/fuel hose, the detachable

pod and the extendible boom to a receiver aircraft.

The system may further comprise a flight control system to controf the
positioning of the detachable pod.
10
The system may further comprise an automatic collision avoidance system

for preventing the detachable pod from colliding with the receiver aircraft.

The system may further comprise a refueling operation control system for

15 monitoring and controlling various aspect of the refueling operation.

The parent pod may comprise director lights for guiding the receiver

aircraft into a position for connection with the extendible boom.

20 The detachable pod may comprise control surfaces for maneuvering the

detachable pod.

The detachable pod may comprise sensors for monitoring the receiver

aircraft.
25
The parent pod may comprise a semi-recessed configuration for housing
the detachable pod.
A gimbal mechanism may actuate the boom.
30

The boom may comprise a telescoping tube within an outer tube.



Embodiments of the invention will be better understood and readily apparent to one of ordinary skill in
the art from the following written description, by way of example only, and in conjunction with the
drawings, in 15which: FIG. 1A and 18 show the top view and the side view of a tanker according to
an example embodiment of the present invention. 20FIG. 2A, 26 and 2C show the side view of a
trailing boom aerial refueling system of the tanker according to an embodiment in a stowed position, a
reeled out position and a boom deployed position.8 FIG. 3 illustrates an example of the deployed
position and the contact 25position of the detachable pod. FIG. 4 illustrates a parent pod according
to an embodiment of the present invention. 30FIG. 5 shows a receiver aircraft's perspective view of the

parent pod with twd'BoRisR0feth el rabealisr afir de i ntadhenkaiid hremneypia@ntdod. 9
FIG. 6 illuszatng Aetashabimprdacading o sneapgdine o tbiadiasenb iy adienhe FIG.

7A - 7D illustrate examples of the fuel flow, valve and backflow 5reservoir's operati?n_ in the detachable

pod.  FIGAEALRRSIRARESEINRAISERIPYTE ROSIERILRIRGI: CSRMET RNt @

5 position for connection, flying the detachable pod to a contact position, lowering
and extending the boom for connecting to the receiver aircraft, and commencing

fuel transfer.

10 BRIEF DESCRIPTION OF DRAWINGS

- Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the drawings, in

15  which: |

FIG. 1A and 1B show the top view and the side view of a tanker according
to an example embodiment of the present invention.

20 FIG. 2A, 2B and 2C show the side view of a trailing boom aerial refueling
system of the tanker according to an embodiment in a stowed position, a reeled

out position and a boom deployed position.

FIG. 3 illustrates an example of the deployed position and the contact
25 position of the detachable pod.

FIG. 4 illustrates a parent pod according fo an embodiment of the present

invention.

30 FIG. 5 shows a receiver aircraft’'s perspective view of the parent pod with
two rows of red/green receiver director lights on the bottom of the parent pod.



10FIG. 9 shows a cone-shaped coverage provided by the sensors of the detachable pod according to
an embodiment of the present invention. FIG. 10 shows a boom of the detachable pod according
to an embodiment of the present invention. 15 DETAILED DESCRIPTION OVERVIEW 20 FIG. 1A
and 1B show the top view and the side view of a tanker according to an example embodiment of the
present invention. As illustrated in FIG. 1A and 1B, tanker 100 may be equipped with a trailing boom
refueling system 104 on each wing 108 and anoth#r conventional fixed refueling boom system 106 at

the 25 loier aft et obt ApIEE 100 dtsrubAs siRPULBHAIAPRN N GERABHEORNC

disposition of the trailing boom refueling system 104 on the tanker 100 may be possible. FIG. 1A and
1B is provideasepianestian example. For example, it may be possible for the tanker 100 to be
equipped with a trailing boom refueling system 104 on each wing 108 without the conventional
refueling boom system 30106 at the lower aft belly of the tanker 100. It may also be possible for the

tanker 100 to be €dfipgéu witPa et serarmeitR g Bsdiel fovenalen A eekiiovs and
anothes trafgze e spbialing sy HrNydedmihkedswer aft belly of the tanker 100.

FiG. 8A — 8C iliustrate examples of the detachable pod flight control

operation.

10 FIG. 9 shows a cone-shaped coverage provided by the sensors of the

detachable pod according to an embodiment of the present invention.

FIG. 10 shows a boom of the detachable pod according to an embodiment
of the present invention. |

DETAILED DESCRIPTION

OVERVIEW
20
FIG. 1A and 1B show the top view and the side view of a tanker according
to an example embodiment of the present invention. As illustrated in FIG. 1A and
1B, tanker 100 may be equipped with a trailing boom refueling system 104 on
each wing 108 and another conventional fixed refueling boom system 106 at the
25  lower aft belly of the tanker 100. It is understood that variation in the configuration
and disposition of the tz'aili'ng boom refueling system 104 on the tanker 100 may
be possible. FIG. 1A and 1B is provided by way of an example. For exampile, it
may be possible for the tanker 100 to be equipped with a trailing boom refueling
system 104 on each wing 108 without the conventional refueling boom system
30 106 at the lower aft belly of the tanker 100. It may also be possible for the tanker

100 to be equipped with a trailing boom refueling system 104 on each wing 108,



In an embodiment, the trailing boom refueling system 104 on each wing 5 108 may be configured for
connection with a receptacle of receiver aircraft 102. As previously mentioned, conventional aerial
refueling for receptacle-equipped receiver aircraft can only be performed via the boom/receptacle
method. However, due to the size and weight of the boom, each tanker designed for performing
boom/receptacle method for refueling can only carry one boom at the 10 lower aft belly of the tanker.
Although a tanker configured for refueling via prod€/drogue method carries a hose and drogue on

each wing, JQis diggie e r@&ﬁﬁﬁ%&ﬁﬁ&ﬁ%@@&%& BRHBGRLIufEBUIRE fRERRIRGIe-equipped

receiver aircraft. Therefore, an embodiment©of the present invention exhibits ‘significant advantage
over the cof@ntional tanker designed for refueling 15 receptacle-equipped aircraft in that a tanker
100 equipped with multiple trailing boom refueling system 104 for aerial refueling according to an
embodiment of the present invention is capable of refueling two or more receptacle-equipped receiver

aircraft. 20FIG. 240 25 £0Pog gt thesiRriipen ™ fRitiRlngosyaiseidPt RRIFRFBY Bt 104 of the
tanker 400 yoeumniagd v e hibdraecrid tishieaiopnmbpdinestinacraredRosdion,@4reled out position

and a boom deployed position, It is understoqd that the trailing boom aerial refyeling system 104 of the
Eanker 100 K B RSO0 CUETP U 0B A e R Aol A R B AUERPOf 25 the
tanker 100 réseillastraiechin Fgh 2l 3tandp2dothetrailing rorb@aeriabeipeitg sysitd104 may be
suspended@n the ungersi%)et?]f each Wing 108. | isTu dergtood that h%?regu?ﬁgmf‘gss st%n? 104 may be
suspended P RE N dERsi e-oFthSéZany orWﬁ"quel?y of the 1anker 100. FR&ETr & mbg/BSomor"efueling
system 104paréigrinicly deenpeseapiaatE202 tbapdblerefustmy camvetiadhitoy nénipodd8 alrtke30 body of
an a"‘f@""ﬁ ‘”f‘é‘&fe? da‘ﬁazﬁcgj‘yb'b’fpgndezg’a‘hESF“%%%%%@V %XE%HQE}JecE%ﬁggg?é& 18r r?éH%lif}% lrgratft in flight.
The detachable po may be connected to thé 11 parent po via a tether/fuerhose 206. As
shown in FigoladeRumdethte pamies obes andydsedue pnetash avpylori2ogiragiieniin turn may

pe mounted, g @ haraeiat 8bte A9 Lfndk BUNdalsteed that e PoRRLRAY20G e mounted

on the wing 108 or the body via other suitable mounting means. 5 As shown in FIG. in the stowed

position, a figsiipdrtRircETthd betatiableprRMvsimgpbhefldhgeamerie MBI afBBRifEN of the
parent pod g82inEhgt datRehablf PN 04rBaLES SRGRIR] IRhieStWeRRaSIlRR iafuanigys securing

means. It is understood that variations in the manner the detachableé)od 204 is lodged and secured in

the pdrent poeeptacisueAUiRRed Al iithRla tPphrEntPbeDgpRee MEksIWtiRIES t'8ling provided by

way of an exg@aplefueling §16erP1 thadsleiaahahiepRegiktisdhg eelacamBdqnsitanofiteeel out the
detachable pod 204, the detachable pod 204 m?y first be unlatched from th(?t Egazilrent pod 202 into the

airstream bRAGRFAhdDERTIRNHE WIRGARIB. $hdefueling two or more receptacle-equipped

receiver aircraft,

20 FIG. 2A, 2B and 2C show the side view of a trailing boom aerial refueling
system 104 of the tanker 100 mounted on a wing according to an embodiment in
a stowed position, a reeled out position and a boom deployed position. 1t is
understood that the trailing boom aerial refueling system 104 of the tanker 100
may be mounted on the body of the tanker, for example on the lower aft belly of
25 the tanker 100. As illustrated in FIG. 2A, 2B and 2C, the trailing boom aerial
refueling system 104 may be suspended on the underside of each wing 108. It is
understood that the refueling system 104 may be suspended on the underside of
the body or the belly of the tanker 100. The trailing boom refueling system 104
may include a parent pod 202 capable of being connected fo a wing 108 or a
30 body of an aircraft and a detachable pod 204 comprising an extendible boom 212

for refueling aircraft in flight. The detachable pod 204 may be connected to the



15 detachable pod 204 may then be trailed from the parent pod 202 by a tethercum-fuel hose 206,
which may be attached to the detachable pod 204 via a flexible/articulated coupling. It is understood
that variations in the method and the components used to reel out and trail the detachable pod 204
from the parent pod 202 may be possible. It is also understood that variations in the type of 20
tethering means and coupling means may also be possible. FIG. 2B is provided by way of an example.
The detachable pod 204 may be a miniature flying Vehicle, with wings 210 to generate lift, and flight

control surfages tq,aHess st UaueRitRENe 6l PHBD &9 SRBA AW BxsSoAmghgorbreling
aerodynamic characteristics, the detachable pod 204 r%be able to H%osmon itself at any point within a

fixed volunfeeFtdeee FRMaNPRIMAMAEI tAB BaRKEINFPaftVDish. HHEHRRY RS EBIES4 may
maintain stahle fighideinbamauigrgadicdlighbcannbrysieAnplespamnl pueibatiapag maintain a

predefined position relative to the tanker 100. The Soggredefined position relative to the tanker 100 is

also knowrl BRURE SR YW ingsihs DS PREBY & AR GESHIRRIGBGHBINS0P S35 be a position that is
12 considered to g assaigrdigiaros bemyvern the reesiver pseradih1 02 anshthedaikeot 0@«luring the

aerial refueljng operation. For different receiver. aircgraft 102 types, due to the difference in the location
ot e merict PACLEIR: BE A4 0o B Sy B PRy B TR P A AR g
operator (ARXQ) ey detstoabtbeptyp2 s reagiverssocralt fa begefveled (meitibrlbiaR-aicasF-35) on a

refueling control station for the .automatic flight control_system of the detachable Q4 .to fly to the
cetachablo Bes J0% [0S he doio e o S0 A e lhB Rl o o e D

_ . Itis'Understood that variations m eatures,
method angsegstémisdofigdt eontasicof¢akinl éachaitsiet pod 202 sizghidbaidssisitnva i provided

by wayof o5\, orcTHRGRIaChTAIORO A, My IS0 a,fow conrol pumpiive

(not shown) and/or a't version, which are functiona valent to that found in the boom of a
conventional tanker configured for refueling via the 15 boom/receptacle method, for controlling the fuel

transfer. It is undejstoes YRt yariglioRs b biebBakcanirebaLmBiahaIY b6 Pessihle- The above
is provided by way of an example. After beln%reeled out from the parent pod 202 as shown in FIG 23,
the the detachable pod 204, the detachable pod 204 may first be unlatched from the
parent pod 202 into the airstream below and behind the wing 108. The
15 detachable pod 204 may then be trailed from the parent pod 202 by a tether-
cum-fuel hose 206, which may be attached to the detachable pod 204 via a
flexible/articulated coupling. It is understood that variations in the method and the
components used to reel out and trail the detachable pod 204 from the parent
pod 202 may be possible. it is also understood that variations in the type of
20  tethering means and coupling means may aiso be possibie. FIG. 2B is provided

by way of an eXample.

The detachable pod 204 may be a miniature flying vehicle, with wings 210

to generate lift, and flight control surfaces to affect its frajectory in the roll, pitch

25 and yaw axes. Through controlling aercdynamic characteristics, the detachable
~ pod 204 may be able to position itself at any point within a fixed volume of space
relative to its carrier, the tanker aircraft 100. The detachable pod 204 may
maintain stable flight using an automatic flight control system (not shown) such

that it may maintain a predefined position relative to the tanker 100. The

30 predefined position relative to the tanker 100 is also known as the deployed
- position 302 (Fig. 3). The deployed position 302 may be a position that is



20 detachable pod 204 may be controlled via the various features, methods and systems for flight
control such that the detachable pod 204 may maintain a stable flight in the predefined deployed .
position 302. When the detachable pod 204 is at the deployed position 302, the receiver aircraft 102
may approach the tanker 100, similar to the way it would approach the boom of a conventional tanker
25 configured for refueling via boom/receptacle method. The receiver aircraft 102 may be guided into
position below/behind the tanker wing 108 by row$2of director lights 502, 504 (FIG. 5) on the bottom of

the parent RoF 02 \ess. i ecior b B SR A6 A nlghis 20 fpup ited

under the fuselage of a conventional tanker. These director lights 502, 504 may be field-of-view limited
to 30eliminAROtHering beprevrlirefustiva cngs dfirsttiopis difesesivecaiveratireositaft duRafng the

detachable pod 204N GREheNiRg iH0thd! ISIRRISPORdNakrlat RFMIRRS P@é@%&%@é@.(%@”d method

for directing the receiver aircraft 102 to the detachable pod 204 may be possible. The example

provided alStRIO¥aS, RES{IBR a0 @ ampReSHiflesrh é‘r‘?\t%‘tﬂiﬁﬁéﬁfﬁ'm AR DR AN refueling

systemy 104gfdherkrnkgicl 60 rexnar thiesiae we andauiasaatis ¢olisign Vg daneessyssan for
monitoring and takgiir;\%ﬂavoidanc,e action to revent_thg detachable pod 204 and the recefi;/er aircraft
AR,

102 from cOTIHR AT Fialgapies N ightGRake! RS lHigSRE LR may
continuouskyoR@UWIR the appheagbtatisbithesaceiensiscral degiigepopsiitaaliiziontvg proximity
sensors 620 (FIG., 6) fitted on the detachable pod 204. If the detachable pod through its proximity
ensors 62U RS LA LT S BB A R E S B IS ST contol the
detachablethedd2bdctuetjeupdo 2dghwayvahd safesiplesitid. o2Basepteddadibin Waecessary. It is
underﬁt)ood @%v?éi_ations in the 15 configuration, algorithm, components and method of implementing

the automatic-collision avoidance system and the type of sensors used to determine the position of the
receiver aircraft 102 may be possible. The above is provided by way of an example. 20An embodiment

of the tailing booryeTeling sUpted 98 01 AakeHIAMaY UK IBClirs 3ASKiRonitoring

system in the detachable pod tlight control system for monitoring the relative position of the receiver

aircraft 102(frehsiisvbeRrfabla poncziad veesroxiiligisars dvecxmatyaseigreiddd Hitthe
detachablegad 2G4 (@8 Qi afdiTdRiRImREIherali e RASiien FbineARIlcselNgr Rikcraft 102

from the detachable pod 204. When the position monitoring system has established that the receiver

aircralt10288GAsSHERAHE Mikery derisPriettingdhs Rl JRrsfarmitysermiarsignd foathe refueling

control statiggyitidHern e AR swnitsitriiepnext NaRse pbih o acsiadspive MgeoBBEAOR It is
understood that variation in the configuration, algorithm, components and method
provided by way of an example.

After being reeled out from the parent pcid 202 as shown in FIG 2B, the

20  detachable pod 204 may be controiled via the various features, methods and
systems for flight control such that the detachable pod 204 may maintain a stable
flight in the predefined deployed position 302, When the detachable pod 204 is at

the deployed position 302, the receiver aircraft 102 may approach the tanker 100,
similar to the way it would approach the boom of a conventional tanker

25 configured for refueling via boom/receptacle method. The receiver aircraft 102
may be guided into position below/behind the tanker wing 108 by rows of director
lights 502, 504 (FIG. 5) on the bottom of the parent pod 202. These director lights

may be similar to the director lights 502, 504 found fitted under the fuselage of a
conventional tanker. These director lights 502, 504 may be field-of-view limited to

30 eliminate the risk of providing erroneous directions to receiver aircraft 102

approaching the detachable pod 204 on each wing 108. It is understood that



30 of implementing the position monitoring system and the sensors used to determine the position of
the receiver aircraft 102 may be possible. The above is 14 provided by way of an example. The
detachable pod 204 may further include an extendable boom 212, as shown in FIG. 20, for connecting
to the receptacle of the receiver aircraft 102. 5 After the refueling control station informs the ARO that
the receiver aircraft 102 is in position for connection, the ARO may initiate the refueling control station
to lower the detachable pod 204 into a contact pos#ion 304. The contact position 304 may be a

predefined pagitieRsIRapilisdariag wepivetricral dreeilywhichthgvdetachaiie pod P’ may extend

the boom to connect with the receiver 10 aircraft. FIG. 3 illustrates an example of the deployed
position 308 4ABNHILARAGY0RIAYPERPHARIEnd BB GHEIIRI @ RINIRRFARPYE I8 eWNNith the
receiver airgradkaRpid énynderstood that variation in the deployed position 302, contact position 304
and the extendable boom 212 may be possible. FIG. 2C and 3 are provided by way of example. 15

An embodiment of the trailing boom aerial refueling system 104 of the tanker 100 may further include a

position verificationrs\sttybdipndhe AREtaruiifly thairtheseietiveiuaiinplystenpagidoofigieonnection

with the deliac abl(i @?d 204 ﬁqj_{ﬁe conﬁa%t po%itiolrjlt§04. The %(Iestﬁl)(r:]haat\)lleI c%)d gogf g{gx‘b{eoprovided
with a lase ﬁ@h U?a CaM&HL Tiie" 1 £8EF ﬂb%tlcsocﬁ)rce may dedlfase Spots on the receiver
aircraft 102nbhidesgramiaipkisg eyeidafesactmndthprdientdmedatachaplenod Vi8dadfdedback to

the ARO. The AROQO.. ify:th latj it fithe ' i X iIsual feedback
oy observit tn SEEb AL O ARt G ecVohe Ao TP LAeTeG (ot 25

variation inagnfitgiratiofijsitgosivhitacoengysiemsnadoerinudust ympeirstihg grpprastior verification
systeqbanc{ﬁger%%bgp SEYSHMHS fhe RN O I CRIVEIANRIRILIR SRR% B® R9ESiBle. The

above is provided by way of example. When the ARO determines that all safety criteria are met and it

is safe to 30tindceethaicRRO MR pedRPd thdheetatnahidisopcr0d0b 1BUoee kit trextBitically extend
the boom 2J2Q,romIect avith faeteseptagle A LIRILRSEIMBE automatic collision avoidance

system may control the detachable pod 204 to fly up to a higher and safer
position, or be reeled back in if necessary. It is understood that variations in the
15  configuration, algorithm, components and method of implementing the automatic
collision avoidance system and the type of sensors used {o determine the
position of the receiver aircraft 102 may be possible. The above is provided by

way of an example.

20 An embodiment of the trailing boom refueling system 104 of the tanker
100 may further include a position monitoring system in the detachable pod flight
control system for monitoring the relative position of the receiver aircraft 102 from
the detachable pod 204. The proximity sensors 620 may be provided on the
detachable pod 204 to monitor and/or determine the relative position of the

25  receiver aircraft 102 from the detachable pod 204. When the position monitoring
systermn has established that the receiver aircraft 102 is in position for hooking up
for fuel transfer, the system may send a signal to the refueling control station to
inform the ARO fto initiate the next phase of the aerial refueling operation. it is
understood that variation in the configuration, algorithm, components and method

30 of impiementing the position monitoring system and the sensors used to

determine the position of the receiver aircraft 102 may be possible. The above is



15 aircraft 102 via the refueling control station. When the boom nozzle engages the receiver's
receptacle, an opposite reaction force tends to push the boom 212 back out. The detachable pod 204
may include an aerodynamic spoiler 612. The opposite reaction force that tends to push the boom 212
back out may be 5 countered by a down/backwards force created by the aerodynamic spoiler. The
down/backwards force may resist the reaction force and allow positive engagement of the boom and
receptacle. The aerodynamic spoiler may be 'autdrhatically deployed when the boom 212 is extending

for connec%ge}vég&%gqyggdgpgbvm fGthe aerodynamic spoiler may be controlled by the 10
ight control syst

automatic f em based on input from the proximity sensors 620, 622 and the boom
extended length data. It is understood that variation in the aerodynamic spoiler, the method of

deploying the spojigg and dhe-methed obaavaieHiMhES ieReOa  UkR A% IRGLBERSIDIE Qe above is

provided by way of example. 15 When the boom 212 has made a positive connection with the

receptacle SPENE BLENer Afreriaft SOPNRGENGRSIBR (TREPRERIA CBRRSANEEANCS A be manually
controlied. RigsingsabralinagtBe-ABOHRNCARIM Uy ARD iRt cNesiting ofifagfeseivey aircraft 102

via the refueling contral station and the 20 position verification system, If the receiver aircraft 102
deviates tolf'rREEHHBAHHROBPRRHNMN SBSiHR RV JUlAE PysEeySHO (GIRIEH sHaHie&Rachable pod
204, visual jgéfofrrutRitaiiablg panp he previded it e mretdve ol Crikpiottaad s shieRO. The

P Lo BT by R e el
detecting thbamv&ch%eapddhé@ypmaymmdn@stmobm ntta),cbar}m&sm. Tie edamieas provided
e AU S Ll RO AR s o 0
102 may flycoldarioptisitidetaivhbieipde204oto allivaektented and in connection with the
receiver aircraft 102. It is undersiood that variation in the deployed position 302,
contact position 304 and the extendabie boom 212 may be possible. FIG. 2C and
3 are provided by way of example.
15 |
An embodiment of the trailing boom aerial refueling system 104 of the
tanker 100 may further include a position verification system for the ARO {o verify
that the receiver aircraft is in position for cohnection with the detachabie pod 204
in the contact position 304. The detachable pod 204 may be provided with a laser
20  light source and a camera. The laser light source may direct laser spots on the
receiver aircraft 102. The lasers may use eye-safe wavelengths. The camera
may provide visual feedback to the ARO. The ARO may verify the relative
position of the receiver aircraft 102 from the visual feedback by observing the
position of the laser spots on the receiver aircraft 102, 1t is understood that
25  variation in configuration, algorithm, components and method of implementing
the position verification system and the method of verifying the position of the

receiver aircraft 102 may be possible. The above is provided by way of example.

When the ARO determines that all safety criteria are met and it is safe to
30 proceed, the ARO may conirol the detachable pod 204 to lower and

telescopically exiend the boom 212 to connect with the receptacle of the receiver



detachable pod 204 to return to deployed position 302. The above is provided by way of an example. It
is understood that disconnection may also be initiated by the receiver aircraft's pilot instead of the
ARO. For example, the pilot may request the ARO to initiate the disconnection. It may also be possible
for the pilot 5 to fly his aircraft 102 and drag the detachable pod 204 outside of the safe operating
envelope, triggering the detachable pod flight control system's built-in safety feature that automatically
disconnects the boom 212. After the receiver airctaft 102 has completed aerial refueling, subsequent

10 receiver fiiciff 492 BANNER B eARRIRL e DRI HeBsd bk s 2B g afueling by

repeating the process as described above. On completion of the entire refueling session, the ARO

may control@R8IYBERNGPRRIRFE tha deRRITISI I PRAdionFARE JEPNJDPHENTRRRMR B34 204 into the
parent pod g 4& PARENTER@Be pobllCo4 iastirirria RATSBIRAM ANLagrsIsling 20 pRembodiment

of the present invention. The parent pod 202 may be custom built or converted from existing

‘multi-point AR SREIRN( fTrSatBRR AL g PRI st Ritstie S WoMaM uRRpoint
capable tanirIstsarfioyracitowprovcieagialfeebiectinghiia the pobe/tbeguametiier. TH&e parent
pod 202 according to an embodiment may be an gerodynamic shell that may be suspended via a
byion 405, RAEYRAPRS 2B GiFther S8 Tl (AIGIOR: Rt g o R 20 Bt looking
camera anatugdgseiaanoé findebdiid nay hecaptaded. THe atidodkiagiarspoiandiay ldger range
finders 404 may be used t quire/track bgth the recelyger aircraft, 102 and.detachable.pod 204. They
may providglJr’[faéz'f{rll??r'1(:1gﬁf3 eé)%gfzoﬁg th‘@&ﬂoﬂ.'o% t’ﬁ%orrgla?/\% pgsit%%%no rk‘J%tﬁ%ecroenc%?\(%rggi rcraft 102
and detachabtermpatic204pHye 80t A Cineaperiihe dneicespditee fmegbaek danrdahiedattyotikéng camera

d/ j j 4to 17
manuily prRaIT AR SAARY ot OARD LR P AR T SRR e bog
maneuverirfg thend dbE dragirargftendagiosp gthtisie e tticisabrRdporicmi tehearbordeivbe aircraft 102
is close to the JajAchal!e AR 2O Ne ARSIHOS MERILANY BSIeRbIREhS e tRehaRis Bad tight control

system may take over monitoring of the receiver aircraft's position and automatically generate
guidance cGasR!ifke Rc@eFtiRhiOBEMRYA0B MATRIRIG. tHeerabsNR iaiptpafie0 Dinwarn©tesired
position. It @gﬁﬁﬁ@tood that variation in the type and disposition of the aft looking camera and/or
laser range finder 404 may be possible. For example, these sensors may be located in the trailing
edge &f the parent pod 202 10mounting pylon 402, or on the undersurface of the parent pod shell 436.

When the boom 212 has made a positive connection with the receptacle of
the receiver aircraft 102, fuel transfer may commence automatically, or may be
manually controlled. During refueling, the ARO may continucusly monitor the
position of the receiver aircraft 102 via the refueling control station and the

20 position verification system. If the receiver aircraft 102 deviates too much from
the optimum position envelope and poses a risk to itself or the detachable pod
204, visual and/or aural warnings may be provided to the receiver aircraft pilot
and/or the ARO. The aeriall refueling operation may be aborted by
disengagement of the boom 212 followed by flying the detachable pod 204 to a
25 safe position. It is understood that variations in the method and system for
detecting the above risks and the type of warnings provided may be possible.

The above is provided by way of an example.

Upon completion of the fuel transfer, the ARO may disconnect the boom
30 212 from the receiver aircraft 102, retract the boom 212, and stow the boom 212.

The receiver aircraft 102 may fly clear of the detachable pod 204, to allow the



On the pylon 402, a fuel line connection 406 for connecting the fuel line 410 in the pylon 402 to the fuel
source (not shown) in the tanker's wing 108 may be located on the surface of the pylon 402 in which
the pylon 402 may be 15 mounted to the tanker's wing 108. On the opposite surface of the pylon 402
in which the parent pod 202 is mounted to the pylon 402, a second fuel line connection 408 may be
located for connecting the fuel line 410 in the pylon 402 to the fuel piping 412 in the parent pod 202.
The parent pod 202 may include a fuel pump 414 if the form of a centrifugal pump for pumping fuel

fom the 20aaKRERnisInaATHSL FRIHINPAOB el B 300 p st Aaapd pubseauently

from the parent po 2tot e 4 via fuel hose 206 may include

a ram air tuNsNelas gxenerifont porittErSetdHEFASFopoeSioD fBrayenstatigg alaigityand/or
mechamcahpévvvseé%m.va%% BRBIPRIRGELS IRfNR PARIT PR R Q2 HER 2SHE et p 414, hose

drum motor 206, external lighting, as well as for the components in the etachable pod 204. The

parent pod W?ﬁh?‘@tfh@éﬁy@gﬁﬁﬁlmlgiﬁ%@]@&qﬁbl HydraalropR I?Qéﬁ!f?b%fﬁfﬁﬁ@v@!'%r the

various;purpgianddnaieraft b2 andedpage P ABRY siudes dinsiiédldfapstewpg and
reeling out a tether/fuel hgse 206. The tether/fuel hose 206 may be connected to the fuel piping 412 of

the parent FBE™8HASEBKEI MR, LRIFHRY R JRIRTIRRISAAE Hiohi-RapiehssRR Sl -Bther end.

This tether/§agdfydeatditnaabpmealicdliyahsssinantd terivestiopabhose used in the probe/drogue
method, because the detachable pod 204 may be heavier than a drogue, albeit having a shorter

deployed hose length than the drogue's hose. The rear portion of the parent pod 202 may have a
semi-recessed 10Aftnfitper adioeior h"cmea'iﬁgm Hewodmblemob%ﬁél Méchiiicalutiopsép0d may be

used tl secure the deta@lg&?&%aﬁ%y%%o clo%k ”%;?89 C}%eth%%% n]%%lggnlggl ﬁto%%go may be

positioned Sethe 1-30 tlons of fhe parent po V|ty housihg the
detachablefpode?®irig |bwr&imatw@thmpmhesqaaﬂmssrma¢ lebpossibrecamelribrhahibal stops 420

may be elegiifalicAmARraled A EAKE g eenpset A in deinchebianod dadafiame ©

restrain it from moveme tach d 204 may loyed via retraction of the
mechanicaPsi 94 204 vdngiohtoe etaezeblediathd@ddnd RameaieaephsyAiEnt ram 422 20 may be
added to aid the reel drum 418 in deploying the detachable pod 204 from the parent pod 202.
Reeling-in/stowage of the detachable pod 204 may be accomplished by rotating the hose reel drum
418 intthe rBOERERHiFSeEbN. Rollers 424 and Teflon padding may be installed around the periphery of
the parent pod 202 housing cavity, to reduce friction during deployment and stowage of

FIG. 4 illustrates a parent pod 202 according to an embodiment of the
present invention. The parent pod 202 may be custom built or converted from
existing ~multi-point refueling system  (MPRS) pod designs that deploy

20  hose/drogues from multi-point capable tankers configured to provide aerial
refueling via the probe/drogue method.

The parent pod 202 according to an embodiment may be an aerodynamic

shell that may be suspended via a pylon 402, attached to a hard-point on the

25 tanker's wing. At the aft of the pylon 402, an aft looking camera and/or laser
range finder 404 may be mounted. The aft looking camera and/or laser range
finders 404 may be used to acquire/track both the receiver aircraft 102 and
detachable pod 204. They may provide real-time feedback to the ARO on the
relative positions of both the receiver aircraft 102 and detachable pod 204. The

30 ARO may utilize the real-time feedback from the aft looking camera and/or laser

range finder 404 and sensors 620 on the aft portion of the detachable pod 204 to



25 detachable pod 204. The parent pod 202 may also include one or more electronic control units to
provide feedback and control to a refueling control station of the tanker 100 for the ARO to monitor and
control various components of the parent pod 202. For 30 example, the parent pod 202 may include a
parent pod control unit 426, a motor control unit 428, and a BIT/maintenance control panel 430. In
addition, the parent 19 pod 202 may include a power supply 432 for providing power to the various
components of the parent pod 202. Further, the parent pod 202 may include a hose guillotine and

jettison 5 systemAy (ﬁr RVRIGVIRIRS UREREEE0LY Bﬁ%ﬁk@rvwweeaaé syl thatdhe felachpble pod 204

may be cut loose and released in an emerg]ency situations, Tor example when the detachable pod 204

cannot be raistefTa sl eh BRI RPRISEEHDE @yé@éﬁiﬁaﬁ’d@aﬁlﬁlgﬁ ﬁiﬁ%f%éﬁ%@%ﬁfé‘mmg of the

tanker, or gy be hagardAuRdQdbeiPEORIRIRPRID ISR IR Q@H@&&E&Ma@% podi394ingierstood that
variation in the type, configuration, arrangement and companents in the parent pod 202 may be

possible. FR?SK'%‘MH@H%QM%?W& fletagiaele @%ﬂ(ﬂ)@‘é?@@g e?ﬁ‘%?&f‘f‘?!dé'ﬁ?erspectlve

view okthe pasenhpAloring of the receiver aircraft's position and automatically generate
guidance cues via the director lights 502, 504 for guiding the receiver aircraft 102
into the desired position. It is understood that variation in the type and disposition
of the aft looking camera and/or laser range finder 404 may be possible. For
example, these sensors may be located in the trailing edge of the parent pod 202
10 mounting pylon 402, or on the undersurface of the parent pod shell 436.

On the pylon 402, a fuel Iinerconnection 406 for connecting the fuel line
410 in the pyioh 4.02 o the'fu-el source {not shown) in the tanker’s wing 108 may
be located on the surface of the pylon 402 in which the pylon 402 may be
15 mounted to the tanker's wing 108. On the opposite surface of the pylon 402 in
which the parent pod 202 is mounted to the pylon 402, a second fuel line
connection 408 may be located for connecting the fuel line 410 in the pylon 402
to the fuel piping 412 in the parent pod 202. The parent pod 202 may include a -
fuel pump 414 in the form of a centrifugal pump for pumping fuel from the
20 tanker's internal fuel tanks into the fuel piping 412 in the parent pod 202, and
subsequently from the parent pod 202 to the detachable pod 204 via fuel hose
206.

The parent pod 202 may include a ram air turbine 415 at the front portion
25 of the parent pod 202 for generating electrical and/or mechanical power for the
various components in the parent pod 202, such as the fuel pump 414, hose
drum motor 206, external lighting, as well as for the componenis in the
detachable pod 204. The parent pod 202 may utilise any combination of
electrical, hydraulic and fueldraulic power for the various pumps and motors.
30



202 with two rows of red/green receiver director lights 502, 504 on the bottom of the parent pod 202 to
guide the receiver aircraft's pilot to maneuver the receiver aircraft 102 into an optimum position within
the operating envelope of the detachable pod 204. The director lights 502, 504 may guide the receiver
aircraft 20 204 into a position for connection with the extendible boom 212. The first row of director
light 502 may be a series of up/down director light indicating to the pilot of the receiver aircraft 102 to
adjust the altitude of the receiver aircraft 102, i.e. & move up or down. The second row of director light

504 may be a series of panasla’ g 513/ aRIacicaleh e BeopIabaRRCH IR ARG iRl 102 to 25

maneuver the receiver aircraft 102 forward or aft. These director lights 502, 504 may direct the

receiver airtglfesfed preetePhovEapiabwrHat/orserdabdmrsdthaptiersedier tiecfaf 102 may be
in the optimyB-ROFHI9NHIORROPARSHOB B dae A08RR 2y IR RASYSIRO daRlvasiatigng the type,

configuration and arrangement of the director lights 502, 504 may be possible. For example, these

30director IffiecBablespadmlAnatihe athe RO g HiBis Herer(feslabessr 4 omightRmANessy. KC-10

and KG-13%ylisiaw-aeaeisriathiienal fes20uard Ctha@réb ey davies eastiaidesdeslprombeceptacle
refueling method. FIG. 5. is %rovided by way of an example. DETACHABLE POD 5 FIG. 6

illustrates 2 GASEARITR 26% % rBfd T ANBEd A dRP i eh A RBL PRI icHNOFIRE detachable
pod 204 majsh et tinietehgnotieayiee devgikbiyribestether/fuel hose 206, and has an extendible
refueling boom assembly 212 that interfaces with the receiver aircraft 102. The detachable pod 10
204 airframe may include small wings 604 to generate lift in addition to the lift generated by the body
to support the weightof¢he gdetdichable {hed arerThpoalingdeonmtray shisfeces (stevaters/asietons) 606

I icall d.and. ted ] i t itch di ially t trol roll. A
ortcd i O e S e 2 R R RS O B 15 Ve
control. A pasedftonsalttisoile slettzimblerodide 4 totibal pariard@od 202, Ahdssisodahetioas as speed

brakes, to squplelaRs ey GROTARIBES LATH IS BORYIPRaRARREHAABER BHL TR gl actuators

614 may be electrically operated. These flight contr aces may be cont and utilized either

singly or in RBrABIMRbASLE VAN dPKsInEd etinahAblsderdolind theadprsiand 20gs @hfsn 302
and/or the cRSREHROBHIRN §Q4EI8§§BIH]9¢F%” wirhgisarelvspaingalt 43¢ hae detarbainle pod 204

may include a flight control system for controlling these flight control surfaces to maneuver the
detachéble PRI 264 irpfigHmay fit into recesses on the detachable pod 204 airframe fo

restrain it from movement.

The detachable pod 204 may be deployed via retraction of the mechanical
stops 420 and rotation ‘'of the hose reel drum 418. A linear deployment ram 422
20 may be added to aid the reel drum 418 in deploying the detachable pod 204 from
the parent pod 202. Reeling-in/stowage of the detachable pod 204 may be
accomplished by rotating the hose reel drum 418 in the reverse direction. Rollers
424 and Teflon padding may be installed around the periphery of the parent pod
202 housing cavity, to reduce friction during deployment and stowage of
25  detachable pod 204.

The parent pod 202 may also include one or more electronic control units
to provide feedback and control fo a refueling control station of the tanker 100 for
the ARO to monitor and control various components of the parent pod 202. For

30 example, the parent pod 202 may include a parent pod conirol unit 426, a motor

control unit 428, and a BiT/maintenance conirol panel 430. in addition, the parent



25In an embodiment, the flight control system may include a digital flight control computer 616. The
digital flight control computer 616 within the detachable pod 204 may provide control authority over the
detachable pod 204 when in flight. The digital flight control computer 616 may automatically control the
operation of the flight control surfaces, such as the wing 604, the vertical fin 30608 and the spoiler
612. Upon receiving an input via the refueling control station from the ARO regarding the type of
receiver aircraft 102 to be refueled, an 21 approptfate digital flight control algorithm may be activated

to fly the d h ' jate, C iti T ther/fuel e 206 from
the parent%tgg g@e m@%ﬁ’aﬁw‘[&g %Eg @Bgéﬁgﬁ%le%@gg %ﬁ?@@?&&ﬂ%ﬁ t%tt}?g\; flkellz%({&gé’coupling
617, which ¢ommpemnarisrmidoeparrriuslipifidg 618 to the refueling boom assembly 212. Electrical

power, sensor and communication/video lines between the parent pod 202 and the detachable pod

204 may also run parallel with the tether/fuel hose 206. 10An embodiment of the detachable pod 204
may include the sEHEHE 638 RArEsNadefP8nEasiHBREAS oXiReSAWEH IR Se ASErdediiePlideo -

Camer%&_Oékz@igrﬁftm_“%}OBFBQiﬁﬁ?Gmb@TFQ?é’r%f%%% omawdmm allwards at the
approachlng receiver aircraft 102. The detachable pod 204 may also include sensors 622, such as

vertical/30 ﬁﬁﬂéhagg’r %%%H@Yﬁ&x%‘f‘it@%ﬁrﬂﬁa released’in an emergency situations,

for example when the detachable pod 204 cannot be reeled back in and stowed
due a systems failure, which may affect the safe landing of the tanker, or may be

hazardous to the people/property on the ground below.

10
It is understood that variation in the type, configuration, arrangement and
components in the parent pod 202 may be possible. FIG. 4 is provided by way of
example.
15 FIG. 5 shows a receiver aircraft's 102 perspective view of the parent pod

202 with two rows of red/green receiver director lights 502, 504 on the bottom of

the parent pod 202 to guide the receiver aircraft's pilot fo maneuver the receiver
aircraft 102 into an optimum position within the operating envelope of the
detachable pod 204. The director lights 502, 504 may guide the receiver aircraft

20 204 into a position for connection with the extendible boom 212. The first row of
director light 502 may be a series of up/down director light indicating to the pilot

of the receiver aircraft 102 to adjust the altitude of the receiver aircraft 102, i.e. to
move up or down. The second row of director light 504 may be a series of
forward/aft director light indicated to the pilot of the receiver aircraft 102 to

25  maneuver the receiver aircraft 102 forward or aft. These director lights 502, 504
| ma'y' direct the receiver aircraft's 102 pilot to move up/down and/or forward/aft so
that the receiver aircraft 102 may be in the optimum position for connection with

the boom 212. It is understood that variation in the type, configuration and
arrangement of the director lights 502, 504 may be possible. For example, these

30 director lights 502, 504 may be similar to the lights on the fuselage of a
conventional (e.g. KC-10 and KC-135) or new generation {e.g. KC-30 and KC-



15 sensors and video cameras, along the bottom belly of the detachable pod 204. These sensors 620,
622 may provide feedback on the receiver aircraft's approach to the digital flight control computer 616,
which control the detachable pod's 204 control surfaces to maintain position of the detachable pod 204
when the receiver aircraft 102 is approaching the detachable pod 204 for joining up. 20 The sensors
620, 622 may also provide means for collision detection when the receiver aircraft 102 is approaching
too close or too fast, which may trigger preprograd#med automatic collision avoidance system for

taking safepemagRue LS IR HiFscEber b HAgEIM R ool Etem Srigndelow. 25The
video images from the sensors 620, 622 may be displayed to the ARO aboard the tanker 100. To

facilitate vepiiveoRl FaByAMSts, two visible laser beams of different colors may be projected from
the sensors 620, 622 of the detachable pod 204 onto the receptacle on the receiver aircraft 102. The
laser spots on_the receptacles converge only if the attitude of the detachable pod 204 30and relative
position Witﬂﬁﬁé\%ﬁéﬁgfzaﬁ@%ﬁ 102 is correct. The relative height between the pod and the receiver
aircraftsis obtained by resolving via calculation

FIG. 6 illustrates a detachable pod 204 according to an embodiment of the
present invention. The detachable pod 204 may be a tethered flying device,
towed by the tether/fuel hose 206, and has an extendible refueling boom
assembly 212 that interfaces with the receiver aircraft 102. The detachable pod

10 204 airframe may include small wings 604 to generate lift in addition to the lift
generated by the body to support the weight of the detachab!e pod 204. The wing
control surfaces (elevators/ailerons) 606 may be electrically actuated and
operated in unison to control pitch and differentially to control roll. A vertical fin
608 with an electrically actuated rudder 610 may provide directional stability and

15 yaw control. A pair of small spoilers 612 may provide vertical attitude controi, and
also functions as speed brakes, to counteract the reaction force from the
boom/receptacle engagement;' The spoiler actuators 614 may be electrically
operated. These flight control surfaces may be controlled and utilized either
singly or in combinations to maneuver the detachable pod 204 into the deployed

20  position 302 and/or the contact position 304 for connection with the receiver
aircraft 102. The detachable pod 204 may inciude a flight control system for
controlling these flight control surfaces o maneuver the detachable pod 204 in
flight.

25 In an embodiment, the flight control system may include a digital flight
control computer 616. The digital flight control computer 616 within the
detachable pod 204 may provide control authority over the detachable pod 204
when in flight. The digital flight control computer 616 may automatically control
‘the operation of the flight control surfaces, such as the wing 604, the vertical fin

30 608 and the spoiler 612. Upon receiving an input via the refueling control station
from the ARO regarding the type of receiver aircraft 102 to be refueled, an



27 the distance data measured from the proximity sensors 620, 622. The detachable pod 204 may
then establish a relative height-hold mode. When the display shows the receiver aircraft 102 is in the
correct position relative to the detachable pod 204, the ARO may activate boom deployment and
extension to connect the boom 212 with the receiver aircraft 102. The digital flight control computer
616 may also determine the right moment, from the distance data measured by the proximity sensors
620, 622 and boom lowered angle/telescoped extghded length, to deploy the spoiler 612 for 10

counteracting e, (ERSAA O GR MIEH) 1R BRMTAARAIS PRIV I BESALAGS g seceiver

aircraft 102. In an enbodimeént of the de pod 204, sensors may Include three
proximity s@eso?84isto eel apiivpriateresntaalneeitie 3done-shaped 15 coverage 902 of the
receiver aircraft's position. FIG. 9 shows the cone-shaped coverage 902 provided by the sensors 620
of the detachable _?Od 204. This configuration of sensors 620 may provide greater precision position

measurements of tR€ ristBRdusIrdians 2BRitTrmTig RErh RadrRRtioR Magtrchedinftthe digital
flight centrolGariusrr 38 foucontrglinadhpaantvseimescd s detachrhlesnacgPd so that the

detachable pod 204 is able to maintain a precise position from the receiver aircraft. In an embodiment,

to safely m&MARFIRE SR RPERHE Yodhidrertit flEgaRroM @5 SRR ¥he 'Enkdt ctteAaneuvers,
informationssighr asdrwdk angle@hmodisispertidatinicernéivdankeelPentybe ke aminputs to the

B e 3 R e R SRR oo e
as to measure its position with respect to the tanker 100. Information from the extra laser range-finders
may bleofed as inp}l’\%t%rgb%diment of the detachable pod 204 may inciude the sensors 620,
such as laser range-finding/proximity warning sensors and video cameras, on the
aft portion of the detachable pod 204 for looking downwards and aft-wards at the
approaching receiver aircraft 102. The detachabie pod 204 may also include
sensors 622, such as vertical/30° angle laser range finder/proximity -warning
15 sensors and video cameras, along the bottom belly of the detachable pod 204.
These sensors 620, 622 may provide feedback on the receiver aircraft's
approach to the digital flight control computer 616, which control the detachable
pod’'s 204 control surfaces to maintain position of the detachable pod 204 when
the receiver aircraft 102 is approaching the detachable pod 204 for joining up.
20 The sensors 620, 622 may also provide means for collision detection when the
receiver aircraft 102 is approaching too close or too fast, which may trigger
preprogrammed automatic collision avoidance system for taking safety

maneuvers. This function is described further in the control system section bejow.

25 The video images from the sensors 620, 622 may be displayed to the
- ARO aboard the tanker 100. To facilitate verification of alignments, two visible
laser beams of different colors may be projected from the sensors 620, 622 of the
detachable pod 204 onio the receptacle on the receiver aircraft 102, The laser
spots on the receptacies converge only if the attitude of the detachable pod 204

30 and relative position with the receiver aircraft 102 is correct. The relative height

between the pod and the receiver aircraft is obtained by resolving via calculation



23 detachable pod's digital flight control computer 616. The digital flight control computer 616 may
then control the detachable pod 204, via the control surfaces, to provide corresponding maneuvers for
the detachable pod 204 to remain safely deployed as the tanker 100 maneuvers. 5 The boom
assembly 212 may be stowed in the detachable pod 204 with mechanical latches 626. Upon release of
the mechanical latches 626, the boom assembly 212 may be able to rotate down from the stowed
position, through a longitudinal opening in the detdghable pod's underside, via an actuated gimbal 10

mechanismyBal glaws 46 IS VRGN GRe ?R)&(M{B 48RRI efiios A Or b e dimhabimechanism

may include a boom pivot fitting 644 and boom transverse actuator 642 configured such that the boom

assembly 2299384 raané RRcRsIRPISD RyFRlatvaRmig D AR IR B BB M PR BISRIEYFBRYSThe gimbal
mechanismyBasasringiHgsra o farinedshatacheditethrhane rjvakiigingchalid4pand a boom

deploy/retract actuator 646 configured such that the boom assembly 212 may rotate down/up 40 about

the pivot jort 638G \RHHINSBDGHE RLUM BRPEMNETE SIS ERE T DSBS 84809 e lateral

rotation rangezisvltmitesrasdivepsinasst means of lateral aligning the boom assembly 212 with the
receiver aircraft's receptacle is by maneuvering the detachable pod 204 into 20 position, rather than
the boom assembly 212. Minor angular adjustments of the boom assembly 212 for fine-alignment with
the receptacle may still be provided by the lateral rotation which can be made by the ARO, using a
joystick controller BhehdiRitalidliabiCepittodSemibRutEh Gt sticRvcahsmagirleWine Bepristéssed by the

digital flightGonizal CompUier #L6.A0d dransilied: i he tRe PR A QshorsTEEb BOR Afuation

mechanism 642, 646 may use electro-hydrostatic actuators (EHAS) to lower/raise the boom assembly

212, and tohepsel Ryeredghaiadalearentdr-edsnissd srathidrs deriopdrsisreiiel DlLelettrical

power.ElectHgalRavirgs Marliddadhe (BHAS i EMNAEVEIHA bRerRassnkiv 28h3Qrafter the
boom assembly 212 makes contact with the receiver aircraft's
recéptacle of the receiver aircraft 102.

in an embodiment of the detachable pod 204, sensors 620 may include

three proximity sensors disposed such that they may provide a cone-shaped

15 coverage 902 of the receiver aircraft's position. FIG. @ shows the cone-shaped
coverage 902 provided by the sensors 620 of the detachable pod 204. This
configuration of sensors 620 may provide greater precision position
measurements of the receiver aircraft's position. This position information may be

fed info the digital flight control computer 616 for controlling the control surfaces

20 of the detachable pod 204 so that the detachable pod 204 is able to maintain a

precise position from the receiver aircraft.

In an embodiment, to safely maintain the detachable pod’s position from

the tanker 100 when the tanker 100 maneuvers, information such as bank anglé

25  and airspeed data from the tanker 100 may be fed as inputs o the detachable
pod’s digital flight control computer 616. Alternatively, extra laser range-finders

may be installed and employed on the detachable pod 204 to look upwards and
forwards at the tanker 100 so as to measure its position with respect to the tanker

100. information from the extra laser range-finders may be fed as input {o the



24 receptacle, electrical power to the EHAs will be cut off to relieve hydraulic pressure. The EHA may
be designed to allow free movement of the actuator 642, 646 when electrical power is cut off or enter a
mode that allows such free movement. This is to enable the gimbal mechanism to function as a flexible
joint, 5 preventing excessive loads from being transmitted to the pod, which may occur with a rigid
joint. Upon completion of refueling, after the boom assembly 212 disconnects from the receptacle,
electrical power is re-applied to the EHAs, such thak positive control of the boom assembly 212 is

regained foggepieiing Rpd siHRePiHIR{OEMEERRINE BW, swae@iéa@ flight ! Gorfbphows a

boom assembly 212 of a detachable pod 204 according to an example embodiment of the present

invention. TIREBeEM BLEenaihercrifjoHbe et B 808 ek BRiktP tEBRIMO GLNARSH an outer

tube 1002. (EheQuERS tdhe QMg Yl aesady nainieainiag cl PedIter {srseaningtdlye 1004 15
‘may be a fuel tube with a nozzle 1010 mounted at its end via a shock absorbing mount. The fuel tube

may also ifcRRRYSH AiEie180kes 1P B MENRIBET008; the sliding of the inner tube 1006 within the fixed,

outer tube 1008 may provide the telescoping action. A sliding gland seal 1012 at the end of the inner
tube 1006 may prevent fuel leakage during the telescoping action. The inner tube 1006 may 20 be

supported Ce”tra'Wq@’b%?%ﬂ%_%%m%‘&j{fﬂf?n"?jr%%?&Weﬂeﬁ%%%e‘%’é‘éﬁ%)&[aeﬁ%‘%ﬁm AR the “dry”

I
portion of the outer tube e extension/retraction mechanism may be'i arack 1016
and pinion TEdanitaltiridhex 624 6Uhmng elease shiffaeensiirninaklaighes 666; the bieeoh 1018 may

in turn be conneciad byA WarmgeROTHeELEasIAARLIA e lerHicALRGIRN MBS another

embodiment, the mechanism may be a roller driven by a wheel, chain and sprocket, powered by a
motor. In yé@rgibHiaieb eRpytnadnt ttHAiashp kiR PBe LsBdlersirien WA amsdiniad, aeb@xibility may

be proyideg a:ihgisipoiaralion Liad WiaatiswyeHrd a Wivees KintaAsRItpagREtged check
valve may be installed at the aft end of the nozzle to form the fuel seal. This valve is automatically

depressed AUANGTREZ o IHIFRPDISENaBRYLYIRMIECcEVECTE 2ROt BRI RS a38ENAP™  The
detachabletpsiskadisanetnaay: sy sarvifideied el aianes thaasospnasseiueliyd matsrisdsassich as

S o SR G R Iahle BOG A e e g ey
mechanism may also include a boom fork 648 attached to the boom pivot fitting
15 644 and a boom depioy/retract'actuator 646 configured such that the boom
assembly 212 may rotate down/up 40° about the pivot joint 650 in which the
boom assembly 212 is connected to the boom fork 648. The lateral rotation range
is limited as the primary means of lateral aligning the boom assembly 212 with
the receiver aircraft's receptacle is by maneuvering the detachable pod 204 into
20  position, rather than the boom assembly 212. Minor angular adjustments of the
boom assembly 212 for fine-alignment with the receptacle may still be provided
by the lateral rotation which can be made by the ARO, using a joystick controller
at the Refueling Control Station. The joystick commands would be processed by

the digital flight control computer 616 and transmitted to the boom actuators.
25

The boom actuation mechanism 642, 646 may use electro-hydrostatic
actuators (EHAS) to lower/raise the boom assembly 212, and to rotate it left/right.
EHAs are self-contained actuators that operate solely by electrical power.
Electrical power is applied to the EHAs to maneuver the boom assembly 212.

30 After the boom assembly 212 makes contact with the receiver aircraft's



10 clearance between the detachable pod 204 and receiver aircraft 102 type, e.g. F16, which has the
lowest clearance among possible fighter receivers. In an embodiment the parent pod 202 may be
approximately 20.4 ft (6.3 m) long with a 38 in. (0.97 m) diameter. It may weigh approximately 1200 lbs
15 (545 kg). The detachable pod 204 may be approximately 14 ft (4.3 m) long with a 32 in. (0.82 m)
diameter. It may weigh approximately 500-550 Ibs (225-250 kg). The maximum boom 108 length may
be approximately 11.5 ft (3.5 m). It is understthod that variation in the type, configuration,

afrangeme%ﬁiﬂa%@e@érm&?@éﬁgwﬁ fetarableARodv0B N avtberP a8 S iifed ChyliriaufEovided by
way of example. REFUELING CONTROL STATION 25In an embodiment, the trailing boom refueling

system 104B%Rd earlis EOA maY pridedignrd eIl vofiee reeyssrem A s asfyei¥dttalized control

of the aeriagagfuglieg epesatian. dduerefsieding sniroksiation MaddearareceNelytin ARE for

communication with the crews of the tanker 100 and receiver aircraft 102. The AR! \ dl
etueling oTAEEHH SIS FRTATIE Aol Ca DR CSETEaE BB AT BB 3L, Systorn

health shegléoeptngné passisaddariadhahlepodstronBraploynethanddetradtbmafdetadnable pods.
c. Activatiop/gieactyalion ol M5hdrRa3IR s P Y TRy AR RE SIS bl 3t
disconnects from the receptacle, electrical power is re-applied to the EHAs, such
that positive control of the boom assembly 212 is regained for centering and

raising of the boom assembly 212 for stowage.
10

FIG. 10 shows a boom assembly 212 of a detachable pod 204 according
to an example embodiment of the present invention. The boom assembly 212
may include two tubes, a telescoping tube 1004 within an outer tube 1002. The
outer tube 1002 may be an aerodynamic fairing. The inner telescoping tube 1004
15 maybea 'fuei tube with a nozzle 1010 mounted at its end via a shock absorbing
mount. The fuel tube may also include an inner 1006 and outer tube 1008; the
sliding of the inner tube 1006 within the fixed, outer tube 1008 may provide the
telescoping action. A sliding gland seal 1012 at the end of the inner tube 1006
may prevent fuel leakage during the telescoping action. The inner tube 1006 may
20  be supported centrally by a series of rollers 1014 around its periphery, which are
mounted along the “dry” portion of the outer tube 1008. The extension/retraction
mechanism may be in the form of a rack 1016 and pinion 1018, with the rack
1016 being on the surface of the inner tube 1008; the pinion 1018 may in turn be
connected by a worm gear or bevel gear 1020 to the electrical motor 1022. In
25  another embodiment, the mechanism may be a roller-driven by a wheel, chain
and sprocket, powered by a motor. In yet another embodiment, EHAs may also
be used.

The nozzle design may incorporate fiexibility which may be required when

30  making contact and when the tanker 100 and receiver aircraft 102 are hooked up.



5 e. Emergency abort. f. Jettisoning of detachable pods during an emergency. g. Identifying and
designating receiver aircraft for tracking by the system. h. Verification and consent for maneuvering
the detachable pod to pre-contact position. 10 i. Verification and consent for the ARO to lower and
extend the boom. FUEL TRANSFER SYSTEM An embodiment of the trailing boom refueling system
104 of the tanker 15 100 may further include a fuel transfer system for transferring fuel from the
tanker's internal fuel cells through the parent pod 292, the tether/fuel hose 206, the detachable pod

204 and the-extendiBlshaem 2he %mr@q%r@érg@maga- henligidepsiansysien may include a
centrifugal fuel pump 414 on the parent pod 202 that is powered by the ram air turbine 418. Fuel may

be pumped3Bh$ iy ehanded MBVRY $3tifita ik 8P 00 BHBHRIBA O RGK RpR gneyLedsialrs within the

parent pod £0gHP:t9 hRiteihaidus eac96rhupldritiee tethertpse dRe mayhemuiRad into the
detachable pod 204 through a flexible coupling 616 at the front of the detachable pod 204, through a
,gfeg;ﬂr,

valve asseSB536 M HRSHRE FRBHRINdoBBRHYALHRY PSR RIMR oPHIREAER &RREIBOM assembly
212. When Z&éngonpzzle engages the receptacle, the poppet valve will open, allowing fuel to be
transferred to the receiver aircraft 102. 27 aircraft 102 is to take place, the valves may operate such
that fuel from the tether/hose 206 flows directly to the boom 212, bypassing the backflow reservoir
632, as shown in FIG. 7A. On completion of fuel transfer, the boom 212 needs to be retracted, but this
may be difficult to Brestaisirablfaied tigraighnands pansitretet fobbiarskng inatashaeenal fuel line

018 and telirinsg s0heRAILSIASOMRRIRS AR CorabmBID AN bohmcaRgRAS RICh that they

e
isolate the upstream fuel from the tether/hose 206, while opening the line to the backflow reservoir

632, as shalgtarhERE ped AdedinnpisommayResTinifisiateeevrine rredefasadentaie 618 into
the bagkflowdgagixeibeRdedthEIgLISNBIE INSI0R04 and receiver aircraft 102 type, e.g. F-

16, which has the lowest clearance among possible fighter receivers.

In an embodiment the parent pod 202 may be approximately 20.4 ft (6.3
m)} fong with a 38 in. (0.97 m) diameter. It may weigh approximately 1200 ibs
15 (545 kg). The detachable pod 204 may be approximately 14 fi (4.3 m) long with a
32 in. (0.82 m) diameter. It may weigh approximately 500-550 Ibs (225-250 kg).
The maximum boom 108 length may be approximately 11.5 ft (3.5 m).

it is understood that variation in the type, configuration, arrangement and
20 components in the detachable pod 204 may be possible. FIG. 6. is provided by

way of example.
REFUELING CONTROL STATION

25 In an embodiment, the trailing boom refueling system 104 of the tanker
100 may include a refueling control station (not shown) for centralized control of
the aerial refueling operation. This refueling control station may be operated by
the ARO for communication with the crews of the tanker 100 and receiver aircraft
102. The ARO may handle refueling operations from this refueling control station.

30  These operations may be:



10 the backflow reservoir 632 until the boom 212 is extended again, whereupon the fuel in the
backflow reservoir 632 flows back into the boom 212, as shown in FIG. 7C. When fuel transfer is
activated again, the valves 702, 704 return to the positions that allow fuel to flow directly from the
tether/hose 206 to the boom 212, as shown in FIG. 7D. Fuel remains in the backflow reservoir 632 at
the 15 conclusion of the refueling operation, when the boom 212 is stowed. The backflow reservoir
632 may be equipped with air pressure equalisati@fa valves 636 (FIG.6) for the inflow and outflow of

fuel. | ' ' 1Zatj imple hinged, spring-loaded
aives, The oetTion, VEIvE o B e e B aRa g, 7 ¢ rovided 20 by

valves. The fuel flow, valve ated in Fig. 7 is provided 20 by

way of an exanapleyhisnyBAeraieedibalpinaserritirns, methods and components for the fuel
flow, valve and bac}iﬂow reservoir's operation may be possible. The tether/fuel hose 206 construction

may be basedhefvasisite sepiansn b melinaasiibber tube may contain the fuel; a middle braided
steel sleeve may provide the main structural strength for the hose, and an outer rubber sheath may

provide endrdlwoeditedtanmdviitip feamtiprotecticeceller miterafil diameter of the fuel tube may be
approximately 3 in. (7.62 cm), or may be sized accordingly to fuel flow requirements. The maximum
extendéd heskrraigrtiabs be 30 approximately 70 ft (21.4 m); actual deployed length may
depend on the tanker type, to maximise lateral clearance between the receiver aircraft and tanker's 28
horizontal Stalsiffisening fidetachabimpasts SypneaBleaBBIgeECyY30, while 55 ft (16.8 m) may be

sufficient for the smaller KC-767. ) ) . )
g. ldentifying and designating receiver aircraft for tracking by the system.

h. Verification and consent for maneuvering the detachable pod to pre-contact

position.

10 i, Verification and consent for the ARO to lower and extend the boom.
FUEL TRANSFER SYSTEM

An embodiment of the trailing boom refueling system 104 of the tanker

15 100 may further include a fuel transfer system for transferring fuel from the

tanker's internal fuel cells through the parent pod 202, the tether/fuel hose 2086,

the detachable pod 204 and the extendible boom 212 to the receiver aircraft 102.

The fuel transfer system may include a centrifugal fuel pump 414 on the parent

pod 202 that is powered by the ram air turbine 418. Fuel may be pumped from

20 the fuel piping in the tanker 100 through the fuel piping 412 and valves within the

parent pod 202 up to the tetherffuel hose 206. Fuel in the tether/hose 206 may

be pumped into the detachable pod 204 through a flexible coupling 616 at the

front of the detachabie pod 204, through a valve assembly 630 and another

flexible coupling at the pivoting joint of the refueling boom assembly 212. When

25 the nozzle engages'the receptacle, the poppet valve will open, allowing fuel to be
transferred to the receiver aircraft 102,

The valve assembly 630, as shown in FIG. 7A — 7D, may include two

butterfly valves 702, 704 to control fuel flow. When fuel transfer to the receiver



The centrifugal fuel pump may be operating at pressures of 50 psig (450 5 kpa) to deliver fuel at a rate
of about 3,800 Ibs (1,725 kg)/min with this size of hose. This may be more than sufficient for the F-15
fuel take-on rate 3,400 Ibs (1,550 kg)/min and well in excess of the F-16's take-on rate 2,000 |bs’
(910kg)/min; the transfer rate may be automatically set based on known receiver type, or it may be
manually selected by the ARO. This fuel transfer system may 10 enable aerial refueling operations via
the detachable pod 204 to have a fuel transfer rat&’similar to the fuel transfer rate of conventional

tanker configiuradl Fp6 DGO e5RPBRRMENOTalves iy WRERERORHRARYRTBEPRHINGAYPE.

configuration, arrangement and 15 number of components in the fuel transfer system may be possible.

The above RipE0RRRI 4P Hiayvsrdiresipie BPERXTION CURAERIDE B¢ SPERDVAFIRYIRA flight control

system  ggoanenhacimeridhe Aradinghepnticiusing syaiamed Gobdupankendéiismay include a
digital flight control system to control theB ‘gositi,oninc% of the detachable %)d 204. The digital flight

control syskSmRERF s R etbie3 Taa P 28 s o1 prermRlishi fRRIMt IR HEEIN; elevators
606; (2 bapketedtenorotLepniielads thetadenaasn antLE8)iyawei@ sabviethe mstde660.Tthe elevators

d ail ‘e combined to f .G 4 be installed i tachapl d 204 f
oroviding fIBFI GO ARER: B8 vaMFes AR Far e BB B i elng system
104 of the thekgrst@@mayainthrddla dethetinbie 206 fighlcoptnoinsydiennd tettetiatiddes pod flight

trol t diff td d fli | ithm "settings” iff; t
roceiver atl oo R e N iy 8 & o e D S0 e DB MR R A e
receiver airciiéte1 02 w&mhm@wmm%B%@éWZ%§Mﬂﬁéﬁ.Qﬁhalft@h&mgir@cépﬁdel_es are
locateghat 4 eﬁ%%%ﬁ%f?és%?\}@_ ﬁéﬁ%%’ﬁ‘t‘ﬁ’tﬂegb%rﬁoﬁﬁf e ,ngRadR (Sa‘faﬁ',@h_@%ﬁb%ﬂh@"”g rootin

the F-15; and on top of the spine in the F-16 and F-35. An acceptable Safety distance during aerial

refueling vilvghéndbmbrabliewoe ST 088 Hawsdrdrigitbrakaon Bbs afaghawibsithiSsame for
another recgivepa|iafidOgMefordie deiifindacatiamofliis reacaiacies Theintiatian g the type of

receiver aircraft 102 may be necessary for the detachable pod flight control system to adjust the

detachableRssiiong ivatiaiam Biisaedprstinitgmdhn tatberfiacaAe othedaao%he appropriate

contact posiogr¥idrfonthereceiver Flizpirsrdidd2dyRee apsdalathrsasessayevasinreaction via
activating the collision avoidance system for that specific receiver aircraft 102 tép&? when a risk of

collisidn is ARRSIHSIPNTIE (BRisTHHEIBRIARY AdtenVHER BeEp 8 YT e detScREIEDod Afyht control
system. Fuphentidinmass 81ackiosaD aqmjubetiequigitedherimsair angssiinsdessuangadigtallighy control

computer 6&(?6 IEII}E]SESC c;\t{etrhe inflow and outflow of fuel. In an embodiment, these air
pressure equalization valves may be simpie hinged, spring-loaded valves. The

fuel flow, valve and backfiow reservoir's operation illustrated in Fig. 7 is provided

20 by way of an example. It is understood that other configurations, methods and
components for the fuel flow, valve and backfiow reservoir's operation may be

possible,

The tether/fuel hose 206 construction may be based on existing designs.

25  An inner rubber tube may contain the fuel; a middle braided steel sleeve may
provide the main structural strength for the hose, and an outer rubber sheath may
provide environmental and impact protection. The internal diameter of the fuel

tube may be approximately 3 in. {7.62 cm), or may be sized accordingly to fuel

flow requirements. The maximum exiended hose ftrail fength may be

30 approximately 70 ft (21.4 m); actual depioyed length may depend on the tanker

type, to maximise lateral clearance between the receiver aircraft and tanker's



20 aircraft approaches at an unsafe closure rate or attitude to the detachable pod 204, the detachable
pod 204 may be automatically controlled by the collision avoidance system to fly up via elevator
deflection to avoid a collision. After the detachable pod's boom 212 has made contact with the
receiver's 25 receptacle, the detachable pod flight control algorithm may automatically switch to a
"maintain formation” mode. In this mode, there may be a limited degree of freedom of movement in
pitch and yaw direction at both ends of the boom 242 (at the boom gimbal and at the nozzle/receptacle

connection),Je s (aeishe roleiveamalion belyeendfin dsiacnBblePREA: anddnsgseeiver
aircraft 102. 30 This flight control mode may be able to ensure the detachable pod 204 remains within

the optimurti Ef/Blbpavoperfarifisinntdeoihsettioepidxiifity sensors on the 30 detachable pod 204
may constantly monitor the detachable pod's distance from the receiver aircraft. For example, if the
sensors detect that the detachable pod 204 is drifting downwards towards the receiver aircraft 102, the

flight control systeM$ 28N EFHE8I phRiviR BaYSe aRS RN RS PIsSsitRTRE aliReitalidbod 5 204
ggzk_ Ugﬁ%ﬂdﬁa)ﬁ@d??@?v&tf@, étsét’re]ﬁlﬂﬁfbﬁa%&t %?Bdakl%ﬁ@:;?iﬁwﬁg?ﬁﬂﬁﬂﬁiﬁﬁﬁ@ m@dﬁtach;dble gfg
is drifting right off-alignment with the receptacle, the fli ntrol system may, control a rudder

deflection | %eggt'}ﬁ Fﬁ‘é’?}ﬁgﬁwrﬂ%ﬁm,%&%&ﬁ@ﬁ? rflf s'tig‘d\% Fﬁ%@f‘é@?qéh@ efiSors detect
the detachghlesmdkgnia reltidg waaids exessidlesdf the rEcedver aikeraih 102l @ @s)imibetric elevon
606 deflecti Jray, be _c%ntrf)lledfto roll the degach%lgle ﬁ)d 04 Qg%k Ie(yel \/\gth respectigo the receiver
aircraft 1024 TMSNOdE's c?pé?gt?o%r ISTG ARG g : YRa sBiE pr%'\1/i 88‘%@/ v?/g?/ Of an example.
As the receiype airciaft 49 »ésroanneityesttodteal detdioh RO och RO elvhidmdBitisgsdetachable pod 204

may try to maintain_formaii it [ver airgraft it is.nossible fgr receiyer aircraft 102 to
macveontl e B e B 2 e
relative to thranarkertooinoiao iméreinerttanhtebogmotcepussiqsiatrisniwintinsignesgrévent this from

happening,B@(gm%ég&\é%igi%mga_sures may be used. For example, 20 warning/flashing lights on the
underside of the parent pod 202; aural warnings automatically transmitted to the receiver aircraft's pilot

via an existing radio communication line in the boom; verbal warnings by the ARO, who can then

advise the receivey airgraibasRils © 50USe U oM abeORRMALY SiscanaRst thenbaae; or as a

fail-safe measure, the detachable pod's flight control system 25 may automatically disconnect the
boom P12, WHERSE SERSBYPARERIE AR KIeaiHG TS EISYBIGT (O BY R RAE RS 657 RANE Envelope,
without the ABEHBE IeEeIMoTapilatligRg corrective actions. ¢) Refueling operator guidance/control
system

OPERATION CONTROL SYSTEM
20  a) Digital flight control system

in an embodiment, the traiting boom refueling system 104 of the tanker

100 may include a digital flight conirol system to control the positioning of the
detachable pod 204. The digital flight control system may comprise of 3 control

25 loops: (1) relative-altitude pitch control via the elevators 606; (2) bank-to-turn roll
control via the ailerons; and (3) yaw control via the rudder 610. The elevators and
ailerons are combined to form elevons. Gyros 634 may be installed in the

detachable pod 204 for providing flight stability information.

30 b) Detachable pod flight control system



30 31 100 may include a refueling operation control system for monitoring and controlling various
aspect of the refueling operation. The ARO may be responsible for controlling the aerial refueling
operation, and may use the refueling operation control system to perform this task. The ARO may be
located 5 at the refueling control station of the refueling operation control system. On older tankers like
the KC-10 and KC-135, the ARO is located in the aft, lower part of the aircraft 100 close to the boom
106 where the ARO views the receiver aircraft 102%irectly through a large window; while on new

generation tankerg,sysheAs RAHGEArRNGH K g Sobin ABRiSriagalee clgseta thesflightrdeck crew,

and views 10 the receiver remotely through video cameras and vision augmentation devices. The ARO

and refuelif®&sht A& mayirerat ardfikg s Por digly SRRl sraieRhy (BmitsisteNRated close
to the flight@erkimgawv cistitreinseRseat spree Buadabilityrath THetinllamieg pstiongmaydierperformed

manually by the ARO, . (i) deployment of the detachable po 4 from th rent pod 202 and its
retraction; g190('5‘HbpWH@/SZ%&V&E@S?%JBB%W&S%%%@ gfé) LYRps: W%]%%x%%)i retraction of
the telescopaigdeed 2z 2R0. Thie AR@oassaalsassdlierdne receiver aircraft 102 typedo be

refueled on the refyeing contiol station. and adlivales heefachablepodibose Jelisprsystem
guillotine 480% R emergency BEATENS VHieh the detachante po%l DOXRESIE 8 Be jeﬂlsoned before
landing. 25differeniepidosdime rthef ahé sarkee. t0@mMBpbef diderosefinetherd\réOeivertbérdedift 102

oo R B A i 250 et b P gl bl of
refueling acceptable safety distance during aerial refueling via the detachable pod 204 for
10 one receiver aircraft 102 type may not be the same for anothér receiver aircraft
102 type, due to the location of its receptacle. The information on the type of
receiver aircraft 102 may be necessary for the detachable pod flight control
system {o adjust the detachable pod 204 minimum pefmissibie proximity, to fly
the detachable pod 204 into the appropriate contact position 304 for the receiver
15 aircraft 102 type, and take the necessary evasive action via activating the
collision avoidance system for that specific receiver aircraft 102 type when a risk
of collision is detected. The collision avoidance system may be part of the
detachable pod flight control system. Further, it may function in conjunction with
the laser range finders and digital flight control computer 616. If the receiver
20 aircraft approaéhes at an unsafe closure rate or attitude to the detachable pod
204, the detachable pod 204 may be automatically controlled by the collision

avoidance system to fly up via elevator deflection to avoid a collision.

After the detachable pod’'s boom 212 has made contact with the receiver's .
25  receptacle, the detachable pod flight control algorithm may automatically switch
to a “maintain formation” mode. in this mode, there may be a limited degree of
freedom of movement in pitch and yaw direction at both ends of the boom 212 (at
the boom gimbal and at the nozzle/receptacle connection), to allow for some
relative motion between the detachable pod 204 and the receiver aircraft 102.
30  This flight control mode may be able to ensure the detachable pod 204 remains

within the optimum envelope for the boom’s connection. Proximity sensors on the



30operations. In another embodiment, for optimum refueling operation efficiency, two or more refueling
control stations may be provided and two or more AROs 32 may be assigned. In this embodiment
each refueling control station may be configured to control one detachable pod 204. An additional
advantage of such a refueling operation control system is that there is redundancy in which in the
event of either on detachable pod or refueling control station malfunction, the Sother can be configured
to take over aerial refueling operation. It is undérstood that variation in the type, configuration,

anangemegah b BRkiof SPTRANSSHSHNIYE HBHRYP HRSRIHSBRTBL XS GEIRAY Reossible. The

above is provided by way of example. 10 hus it can be seen that an aerial refueling tanker

capable of ¥ifiRepELAYTEteliRg BXANeP frdfdhecignaeie-agtaph tptdbeivatasialiehies fuel transfer

rate higher shanithartpRestrovastiaddias ieenecewdedinageordanesavitiysheyatigus
embodiments disclosed. 15 It will be appreciated by a person skilled in the art that numerous

variations aYGEhBaNiCaRdRs AR ARVENRIS AdEHAvdamicadha dfiathakle frctific
embodimesaiheautipapasinaritoncth et 4 shone of (Einyantike 6! gagly gesssised. The

present empod mets BN NS: Vobe 2RSS Bl STRERs RO Sl A g nd ot
the flight control system may controf a rudder 610 defiection left back to maintain
alignment, and vice versa, as shown in FIG. 8B. If the sensors detect the
detachable pod 204 is roling towards one side of the receiver aircraft 102,
10 asymmetric elevon 606 deflection may be controlled to roll the detachable pod
204 back level with respect o the receiver aircraft 102. This mode’s operation

illustrated in FIG. 8A, 8B and 8C is provided by way of an exampile.

As the receiver aircraft 102 is connected to the detachable pod 204, while

15 the detachable pod 204 may try to maintain formation with the receiver aircraft
102, it is possible for the receiver aircraft 102 to inadvertently maneuver itself and

the detachable pod 204 ocutside of the safe operating envelope relative to the
tanker 100, or to maneuver to the boom/receptacle pitch/yaw limits. To prevent

this from happening, various preventive measures may be used. For example,

20  warning/flashing lights on the underside of the parent pod 202; aural warnings
automatically transmitied to the receiver aircraft’s pilot via an existing radio
communication line in the boom; verbal warnings by the ARO, who can then
advise the receiver aircraft's pilot to correct his flight path or manually disconnect

the boom; or as a fail-safe measure, the detachable pod’s flight control system

25  may automatically disconnect the boom 212, when it senses the receiver aircraft
102 is about to breach the safe operating envelope, without the ARQ or receiver

pitot taking corrective actions.

c) Refueling operator guidance/control system
30

In an embodiment, the frailing boom refueling system 104 of the tanker



CLAIMS 1. A trailing boom system for aerial refueling, the system comprising: a parent pod capable of
being connected to a wing or a body of an aircraft 5 and a detachable pod comprising an extendible
boom for refueling aircraft in flight. 2. The system as claimed in claim 1, wherein a tether/fuel hose
connects the 10 parent pod and the detachable pod; 3. The system as claimed in any of claim 2
further comprising a fuel transfer system for transferring fuel from the aircraft through the parent pod,
the tether/fuel hose, the detachable pod and the ektendible boom to a receiver 15aircraft. 4. The

system as diggnasy) AMieIde PrERRANg SRR bIES RATPURG? HANTEBRESI Ry int 1o control

the positioning of the detachable pod. 2 e system as d In any of the prec dlng claims
further comRIdneYing amamemcaﬁﬂﬁeiom&vm@aﬁ@@eyeen@nﬁrpv@v@nﬁh@ tHsRfataetaablégpod from

colliding wit {Be{eefivebRicSAlfonit The Sysiem andaigediaany ol hiaPracgdingcigims further

comprising a 25refueling operation control system for monitoring and controlling various aspect of the

refueling ofEFaEkRE Oﬁef?ﬂe%(}gfgﬁ%'ﬁ%ﬁ%@ﬁﬁﬁ@ﬂ%ﬁﬁé%&@ﬁﬁwé@%m§yv@|$e||%iﬁtﬁ$e parent pod
comprises dirgesorelightadosaitidingdhenreseieraiienal Bieiasitiondar 3R eennesfigryith the
extendible boom

tankers like the KC-10 and KC-135, the AROQ is located in the aft, lower part of

the aircraft 100 close to the boom 106 where the ARO views the receiver aircraft

102 directly through a large window; while on new generation tankers such as the

KC-30 and KC-767 the ARO is located close to the flight deck crew, and views

10 the receiver remotely through videoc cameras and vision augmentation devices.
The ARO and refueling control station for the trailing boom refueling system 104
may similarly be located close to the flight deck crew, for reasons of space

availability.

15 The following actions may be performed manually by the ARO.
(i) deployment of the detachable pod 204 from the parent pod 202 and its
retraction;
(ii} deployment/stowage of the boom assembly 212; and

(iii) extension/retraction of the telescoping boom 212.

20
The ARO may also select the receiver aircraft 102 type to be refueled on
the refueling control station, and activates the detachable pod/hose jettison
system guillotine 434, in emergency situations when the detachabie pod 204
needs to be jettisoned before landing.
25

An embodiment of the tanker 100 may be able to refuel two receiver

aircraft 102 simultaneously, or three receiver aircraft if the tanker also has a
centerline boom on the aft belly of the tanker 100. Multiple AROs may be
required to operate and manage multiple receiver aircraft 102 refueling

30  operations. In another embodiment, for optimum refueling operation efficiency,

two or more refueling control stations may be provided and two or more AROs



34 8. The system as claimed in any of the preceding claims, wherein the detachable pod comprises
control surfaces for maneuvering the detachable pod. 9. The system as claimed in any of the
preceding claims, wherein the 5detachable pod comprises sensors for monitoring the receiver aircraft.
10. The system as claimed in any of the preceding claims, wherein the parent pod comprises a
semi-recessed configuration for housing the detachable pod. 1011.The system as claimed in any of
the preceding claims, wherein a gimbal mechanis?d actuates the boom. 12. The system as claimed in
any of the pragegingséaimsd WheeiR thmbegmeamusigesarieiets aiRgdUReNIRRY gger tube. 15
13. A detachable pod for an aerial refueling SP/stem, the detachable pod comprising: an extendible

boom for rétdigg ek EPatemmbRPefefachablennd b Al ARG RYRE Gntrol

surfaces ondhridifelisshaiie Rotttol RgsrvEE tiexdatrebalaanshitafightin Mdhitheslatachable pod
as claimed in cl in; 13 further omggsg}g sensors fqr monitoring t‘he re{tceiver ﬁircr?ft.
event of either on detachablé pod or refueling conffol stalion malfunction, the

5 other can be configured to take over aerial refueling operation.

It is understood that variation in the type, configuration, arrangement and
number of components in the various operation control system may be possible.

The above is provided by way of example.

10
Thus it can be seen that an aerial refueling tanker capable of
simuitaneously refueling two or more recéptacle—equipped receiver aircraft with
fuel transfer rate higher than the probe/drogue method has been provided in
accordance with the various embodiments disclosed.

It will be appreciated by a person skilled in the art that numerous
variations and/or modifications may be made to the present invention as shown
in the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments a_ré, therefore, to be

20 considered in all respects to be illustrative and not restrictive.



2515.The detachable pod as claimed in claim 13 or 14, wherein a gimbal mechanism actuates the
boom. 16.The detachable pod as claimed in any of claims 13-15, wherein the boom comprises a
telescoping tube within an outer tube. 35 17. The detachable pod as claimed in any of claims 13-16,
further comprising an automatic collision avoidance system. 18. A method for aerial refueling, the
method comprising: 5refueling an aircraft in flight via a trailing boom system for aerial refueling,
wherein the system comprises a parent pod capabfe of being connected to a wing or a body of an
aircraft andeq _ggiaghable pod comprising an extendible boom for refueling aircraft in flight. 1019.The
method as claimed in claim 18, wherein a tether/fuel hose connects the parent pod and the detachable
pod; 20. The method as claimed in any of claim 19, wherein the system further comprises a fuel

transfer system fot FaHER PRRIMUDISIIM fRicagial A usiBisy AB S YSIBRTERMIIEP RS tether/fuel hose, the
detachable pod apd,HiermxieacdialeaBRoBY Being connected to a wing or a body of an aircraft

5 and
a detachable pod comprising an extendible boom for refueling aircraft in
flight.
2. The system as claimed in claim 1, wherein a tether/fuel hose connects the

10 parent pod‘ and the detachable pod;

3. The system as claimed in any of claim 2 further comprising a fuel transfer

system for fransferring fuel from the aircraft through the parent pod, the

tether/fuel hose, the detachable pod and the exiendible boom to a receiver
15 aircraft.

4. - The system as claimed in any of the preceding claims further comprising a

flight control system to conirol the positioning of the detachable pod.

20 5. The system as claimed in any of the preceding claims further comprising
an automatic coliision avoidance system for preventing the detachable pod from

colliding with the receiver aircraft.

6. The system as claimed in any of the preceding claims further comprising a
25 refueling operation control system for monitoring and controlling various aspect

of the refueling operation.

7. The system as claimed in any of the preceding claims, wherein the parent
pod comprises director lights for guiding the receiver aircraft into a position for

30  connection with the extendible boom.



a receiver aircraft. 21. The method as claimed in any of claim 18-20, wherein the system further
comprises a flight control system to control the positioning of the detachable pod. 20 22. The method
as claimed in any of claim 18-21, wherein the system further comprises an automatic collision
avoidance system for preventing the detachable pod from colliding with the receiver aircraft. 25 23.The
method as claimed in any of claim 18-22, wherein the system further comprises a refueling operation
control system for monitoring and controlling varidds aspect of the refueling operation. 24.The method

as claimeddn any-g{claigd$-23. Wisrriithe Raresmak38ronaarire ciipmlonyigis forfuiding the
receiver aircraft into a position for connection with the extendible boom. 36 25.The method as claimed

in any of claRfAthable ReRIMBAISeR BRI EUsRsed fRpMakaLtRipsiiseiet8rRaRedvering the
detachable pod.

9. The system as claimed in any of the preceding claims, wherein the

-5 detachable pod comprises sensors for monitoring the receiver aircraft.

10.  The system as claimed in any of the preceding claims, wherein the parent
pod comprises a semi-recessed configuration for housing the detachable pod.

10 11. The system as claimed in any of the preceding claims, wherein a gimbal

mechanism actuates the boom.

12.  The system as claimed in any of the preceding claims, wherein the boom
comprises a telescoping tube within an outer tube.
15
13. A detachable pod for an aerial refueling system, the detachable pod
comprising: |
an extendible boom for refueling aircraft in flight; and
a flight control system for controlling flight control surfaces on the
20  detachable pod to maneuver the detachable pod in flight.

14.  The detachable pod as claimed in claim 13 further comprising sensors for

moenitoring the receiver aircraft.

25 15. The detachable pod as claimed in claim 13 or 14, wherein a gimbal

mechanism actuates the boom.

16.  The detachable pod as claimed in any of claims 13-15, wherein the boom
comprises a telescoping tube within an outer tube.
30



5 26.The method as claimed in any of the claim 18-25, wherein the detachable pod comprises sensors
for monitoring the receiver aircraft. 27.The method as claimed in any of claim 18-26, wherein the
parent pod comprises a semi-recessed configuration for housing the detachable pod. 10 28. The
method as claimed in any of claim 18-27, wherein a gimbal mechanism actuates the boom, 29. The
method as claimed in any of claim 18-28, wherein the boom 15comprises a telescoping tube within an
outer tube. 30. The method as claimed in any of éfaim 18 to 29 wherein the step of refueling an

aircraft in flight viarthe feailing e SyaiemifpeasHalfgbrlingronrisesuRRsteBmefisidgreeling out
the detachable pod from the parent pod to a predefined deployed position; guiding the receiver aircraft

into a posithasiorealifceRbisialAPIRRGEE¥A%H pod to a contact position; lowering and extending

the boom for connecting to the receiver aircraft;

18. A method for aerial refueling, the method comprising:

5 refueling an aircraft in ﬁégh't via a trailing boom system for aerial refueling,
wherein the system comprises a parent pod capable of being connected to a
wing or a body of an aircraft and a detachable pod comprising an extendible
boom for refueling aircraft in flight.

10 19. The method as claimed in claim 18, wherein a tether/fuel hose conneacts
the parent pod and the detachable pod;

20. The method as claimed in any of claim 19, wherein the system further
comprises a fuel transfer system for transferring fuel from the aircraft through the
15  parent pod, the tether/fuel hose, the detachable pod and the extendible boom to

a receiver aircraft.

21.  The method as claimed in any of claim 18-20, wherein the system further
comprises a flight control system to control the positioning of the detachable pod.

20 '
22, The method as claimed in any of claim 18-21, wherein the system further
comprises an automatic collision avoidance system for preventing the detachable

pod from colliding with the receiver aircraft.

25 23. The method as claimed in any of claim 18-22, wherein the system further
comprises a refueling operation control system for monitoring and controliing

various'aspect of the refueling operation.

24.  The method as claimed in any of claim 18-23, wherein the parent pod
30 comprises director lights for guiding the receiver aircraft into a position for

connection with the extendible boom.



25 and commencing fuel transfer.

10

15

20

25

36

25. The method as claimed in any of claim 18-24, wherein the detachable pod

comprises control surfaces for maneuvering the detachable pod.

26. The method as claimed in any of the claim 18-25, wherein the detachable

pod comprises sensors for monitoring the receiver aircraft.

27.  The method as claimed in any of claim 18-26, wherein the parent pod

comprises a semi-recessed configuration for housing the detachable pod.

28. The method as claimed in any of claim 18-27, wherein a gimbal

mechanism actuates the boom,

29. The method as claimed in any of claim 18-28, wherein the boom

- comprises a telescoping tube within an outer tube.

30. The method as claimed in any of claim 18 to 29 wherein the step of
refueling an aircraft in flight via the trailing boom system for aerial refueling
comprises the steps of :

reeling out the detachable pod from the parent pod to a predefined
deployed position;

guiding the receiver aircraft into a position for connection;

flying the detachable pod to a contact position;

lowering and extending the boom for connecting to the receiver aircraft;
and

commencing fuel transfer.



