WO 03/ 047967 PCT/ GB02/ 05506 LI GHTER- THAN- Al R Al RCRAFT W TH Al R CUSHI ON
LANDI NG GEAR MEANS This invention relates to an aircraft of the kind

havi ng a wolos/o#i9bt ed with [ighter than air gas (hereinaftecT/Grbkesived t o,
as a "lighter-than-air aircraft™) and a pair of 5 retractable | andi ng gear
means arranged so as to be spaced apart on either side of longitudinally
extending central vertical plane of the aircraft. In particular but not
exclusively, the invention relates to airships such as non- rigid airships.
10 Known | i ghtlEHTERATHAN-AIRARGRATT VHTH AR CHSHIQN LANDING GRARMEANSheel s on
the underside of the hull to facilitate the Iandlng and taklng of f of the
ai rship. Such mhe;%s are_in omere ans I n gse for_ |l andi ng and
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ai rpl ane a lighter-than-air arrship a hovercraft era

spaced a%ar?eFBﬁﬁFFBaFnéPPglﬁﬁtEﬁ&Fn&BEPF @&ﬂﬁqﬂ?Qeﬁﬂn%ﬁ)9®'%%afpﬁﬁ?%s.
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bounded by d_"skirts; t de tract_in us The
pr esent |nv§% ?gn ge@%a %)%ﬁo&l % er- t pgr%lgugéFaf?qﬁt?% mﬁth
retract abl eexg¢tusivhivn tk§ iamdnhgogeaelﬁEaﬁstoA@cosULPg such hes prement

i nvention tP??Ed'élPEHYbQEd a lighter-than-air aircraft having a
gas-filled hull and a Ppair of spaced apart |anding gear neans on the
underside of the hull arranged on opposite sides of a longitudinally 30

ext endi ng central Ngbihcalighase-ehahheibul hireharact eni SeHe | fotRatogach
| andi ng gear, ns c rise air cushi on nit, ncI ing ba irgt
means, neand o 18%35%) }Iereq'tso “%nd Q@rm’\’ﬁ %r%ﬁr "1%!? gﬂiikﬁ?
means and afécadlihgte the landlng and taking off of the airship. Such
wheels are in lowered positions when in use for landing and
taking off but may be retracted when the airship is in
15 f£flight to reduce drag. It has also been proposed to provide
a lighter-than-air aircraft, in the form of a hybrid air
vehicle which combines the characteristics of an airplane,
a lighter-than-air airship and a hovercraft, with laterally
spaced apart longitudinally extending air cushion landing
20 gear units. These landing gear units support the hull on
cushions of air, normally bounded by so-called "skirts", but

are not designed to retract in use.

The present invention seeks to provide a lighter-
than-air aircraft £fitted with retractable air cushion

25 landing gear means.

According to the present invention there is provided

a lighter-than-air aircraft having a gas-filled hull and a
pair of spaced apart landing gear means on the underside of

the hull arranged on opposite sides of a longitudinally

30 extending central vertical plane of the hull, characterised
in that each landing gear means comprises an air cushion
unit including bag skirt means, means for supplying air to

and removing air from the bag skirt means and actuating

means operable to move the bag skirt means between an



means operable to nove the bag skirt neans between an WD 03/ 047967

PCT/ GB02/ 05506 2 operative configuration for containing one or nore air
cushi ons wod3amsnhoper ati ve configuration. Preferably thePChagBksiob neans
of the two air cushion units, when in their operative configurations, are
inflated and extend downwardly 5 fromthe underside of the hull to define
downwardly open air cavities in which tthe air, cushions are created and
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under si de efishhenbuland By possdd ot inge tdenbbgusktidn NeanseEboanlyt @hithe 10

underside @f the.hull when i.n ei.r inoperative contiguration air
cushi on ungg ggérgrgﬁﬁngrogoFP%pgga a?%w&? slPﬁeuﬁﬁggfsﬁggno %t%ggﬁﬁll and
provi de t heperghi®e- condhguratipner adrevinflatedrand exdamd dewnypagddy

Preferabl ysi-Ba bag skietsiganss ofh&anh Rido Qi dol@wdiidiyCopenl s first
and second bag skirts eééﬁpdl al ong %@£05|te sides of .the al cushi on
Gni tand pFOYRARE wiPh Ve Eade |t Al Lo AR ESR bR fe P AnBERBarS  and
t he act uatiedrndarpdaioper abdefiguraniens tire guwidridanmed nebosert aget her

in the inopgLati¥e.coRfl gyr aki.on.4f the bag skirt 20 nmeans and to
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means secured to the underside of the

Preferably the bag skirt means of each air cushion

15 unit comprises first and second bag skirts extending along
opposite sides of the ailr cushion unit and provided with
engageable and disengageable connecting means, and the
actuating means is operable to connect the connecting means
together in the inoperative configuration of the bag skirt

20 means and to disconnect the connecting means when the bag
skirt means are moved into their operative configuration.

In its simplest form the connecting means comprise
connections of a zip fastener or the like, the actuating
means moving a slider portion to engage or disengage rows of

25 teeth on the first and second bag skirts. Each bag skirt
means, in addition to the longitudinally extending and
spaced apart bag skirts, may include longitudinally spaced
apart transverse skirts extending between the bag skirts and

providing with the bag skirts at least one air cavity.

30 Preferably each bag skirt comprises an inflatable and
deflatable bladder means secured to the underside of the
hull. The means for supplying and removing air to the bag
means is intended to fully inflate the bladder means in the
operative configurations of the bag skirt means with air

35 being fed at the same time into the air cavities to provide

the air cushiomns, As 1s conventional in hovercraft design,



hul I . The means for supplying and renoving air to the bag neans is
intended to fully inflate the bl adder neans in the operative

confi gur aWD®R®467 t he bag skirt neans with air 35 bei ng f @dTaiBozlgsosane
time into the air cavities to provide the air cushions, As is conventional
in hovercraft design, V\D 03/ 047967 PCT/ C?OZ/ 05506 3 the air fed into the
inflated bl a]gder rreans be_allowed t0 escape, e.g. through holes on the
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15 Conveniently each bag skirt may have a curtain type

skirt suspended therefrom.

Embodiments of the invention will now be described,
by way of example only, with specific reference to the

accompanying drawings, in which:

20 Figures 1 to 4 are schematic views from the front,
the rear, one side and below of a lighter-than-air

aircraft according to the present invention;

Figure 5-7 are schematic views illustrating three
positions of an air cushion unit of the aircraft
25 shown in Figures 1 to 4 moving from an operative

position to an inoperative position;

Figure 8 1is a schematic view illustrating an

alternative design of air cushion units; and

Figure 9 illustrates schematically how air is
30 supplied into, or withdrawn from, the inside of one

of the bladder means of an air cushion unit.



alternative design of air cushion units; and Figure 9 illustrates
schematically how air is 30 supplied into, or withdrawn from the inside
of one oWothesbbadder neans of an air cushion unit. WO OBCUAADG/PSS06

PCT/ GB02/ 05506 4 Figures 1 to 4 show a lighter-than-air aircraft
according to the invention generally desjgnated by the reference nuneral

1. The aircraft is,in the formof a _pressure-stabilised, preferably
non-rigi d having ZFJF%IHei 5 V\A@Ph 4 19 1 efled! 1 GRRRF aFR§RerEF prategrart
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gener alllly aerndyriasrilshegieiuhi ch is able to provide aerodynamic lift to
the aircraft. Typically, with the design illustrated, approximately
one-quarter to one half of the aircraft |ift is provided aerodynam cally
through its |iftiThe bhbeseoeeatal appomxivhhtr| yhenauhal fist gotrheae 125

' ] ' ' f e hull gas,
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convexity &FMRES opRQi BESrRsR Dirted shadpesiofe.the hull. When the

lobes are filled with helium the pressure stabilised hull is
15 formed having a camber along its length. The two side lobes
3 and 4 are in effect joined, or positioned close together,
at the wunderside of the hull and define a central
longitudinal concave surface or recess 9 along the length of
the hull. The inflated hull is of a flattened form and has
20 a generally aerodynamic shape which is able to provide
aerodynamic 1lift to the aircraft. Typically, with the
design illustrated, approximately one-quarter to one half of
the aircraft 1lift is provided aerodynamically through its
lifting body shape and approximately omne half to three-
25 quarters of the aircraft 1ift is provided by the buoyancy of
the hull gas, e.g. helium. In longitudinal section, the
hull has a generally greater convexity on the top side than

on the underside.

The underside of the air vehicle 1 includes a

30 longitudinally extending gondola or payload module 10
positioned in the recess 9 and air cushion landing gear
units 11 and 12 on the hull lobes 3 and 4, respectively.

The positioning of these units is facilitated by the
generally flatter underside of the hull along the length of

35 the hull, at least in a central portion of the hull where
these units are located. Each landing gear unit typically

comprises a flexible outer skirt defined by spaced apart



The underside of the air vehicle 1 includes a 30 |ongitudinally extending
gondol a or payload nodule 10 positioned in the recess 9 and air cushion

| andi ng gwaro3/oumsts 11 and 12 on the hull | obes 3 and 4, regmBIRios®EYy. The
positioning of these units is facilitated by the generally flatter
underside of the hull along the length of 35 the hull, at least in a
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and "5’ can be "zipped" together or "unzipped" as required.

In use the bladder means 5, 5’, when in operative
configurations, are not connected or "zipped" together and
are inflated. Air is supplied to the air cavities 7, 7’ to

20 provide air cushions for supporting the air vehicle during
landing, taking-off and taxiing procedures. The air
supplied to the inflated bladder means 5, 5’ may be allowed
to escape from inside edges of the latter directly into the
air cavities 7, 77 to provide the air cushions.

25 Alternatively or in addition air may be supplied
independently into the air cavities. The operative
configuration of one of the landing gear units is shown
schematically in Figure 5. |

When in flight the bladder means 5, 5’ may be at

30 least partially deflated and then connected or "zipped"®
together (see Figure 6) so as to be drawn closer to the
underside of the hull 2. The space 21 defined inside the
joined together bladder means 5, 5’ may be partially
inflated (see Figure 7) to stabilise the air cushion landing

35 gear wunit in its inoperative condition. In their
inoperative configurations the landing gear units are

"flattened" towards the underside of the hull 2 and provide



air cavities 7, 7' to provide the air cushions. 25 Alternatively or in
addition air nmay be supplied independently into the air cavities. The

oper at i vewomasdiogur ati on of one of the |anding gear unit s PCI/GHIQNE506
schematically in Figure 5. Wen in flight the bladder neans 5, 5 may be at
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| noper ati vesupply air from outside into the bladder means 5 to inflate

15 the latter. At the same time air may be allowed to bass

through the cavity 41, possibly regulated by the fan or

valving means (not shown), into the air cavity 7 to provide

an air cushion within the air cavity. In the inoperative

configuration, either or both of fans 42 and 43 could be

20 operated to remove air from, thereby at least partially

deflating, the bladder means 5. When the two bladder means

5, 5’ are connected or "zipped" together, the space between

the connected together bladder means and the underside of

the hull can be partially pressurised by selective use of

25 the fans 42 and 43 to prevent the bladder means from
flapping.

When the bladder means are pressurised, air may be
rapidly exhausted from each air cavity so that a suction or
hold-down force is applied to hold the aircraft down in

30 position on the ground. This suction may be created by
operating the fans 42 and 43 so that air is pumped from the
air cavities into each of the bladder means 5 and 5’. The
relatively widely spaced apart air cushion landing gear
units 11, 12, combined with the low height of the hull 2

35 compared with its length, give the aircraft a high degree of
stability when landed enabling elaborate tie-down systems to

be dispensed with (although less elaborate tie-down systems



configuration, either or both of fans 42 and 43 could be 20 operated to
renmove air from thereby at least partially deflating, the bladder nmeans
5. Wen twe osmerobt adder means 5, 5 are connected or "zi ppEdsBozogEsher,
the space between the connected together bladder nmeans and the underside
of the hull can be partially pressurised by selective use of 25 the fans
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units). In ggch of the Flgures 1 to 4 | anding gear ‘unit own Wt

I ts bl adder ESBFéEE rised and landing gear 5 unit 12 is shown with its
bl adder neans depressurlsed In practice of course, the bl adder neans of
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I S
ﬁ?gﬂay be forngd Of égch 1an igéagégisinlt 11, 12 may be formed of low

bressure bag skirts 50 nearest to the gondola and high
bressure bag skirts 51 furthest from the gondola. This
15 enables the bag skirt 50 to have a lower profile than that
of the bag skirt 51 so as not to obstruct the line of vision

from the gondola.

A particular advantage of the use of air cushion

landing gear units 11, 12 is that the air vehicle can land

20 and take-off from any reasonably flat surface, including

unimproved raw land, swamps, marshland and water, e.g. sea.

A special runway is not required as with aircraft having

wheeled undercarriages. Furthermore cross-wind landing gear

drag is reduced or eliminated. In flight drag is

25 considerably reduced by retraction of the landing gear

units. The landing gear units 11 and 12 are positioned

widely apart to provide the air vehicle with stability
during landing and take-off.

The rear end of the air vehicle is formed by the

30 spaced apart ends of the two side lobes 3 and 4. Motors 13
and 14 are mounted at the stern of the lobes 3 and 4,
respectively, and these motors may be designed to control
vertical and horizontal movements. Additional motors 15 and

16 are mounted on each side of the hull and are preferably

35 mounted to swivel to provide wvertical and horizontal



pressure bag skirts 51 furthest fromthe gondola. This 15 enabl es the bag
skirt 50 to have a lower profile than that of the bag skirt 51 so as not
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vertical an¥t®ottEoheal E#BFetent s20 AgEet pERARIABtors 15 and 16 are nount ed
on each side of the hull and are preferably 35 nounted to swivel to provide

vertical and hori zontal 03/.047967 PCT/ GB02/.0550 vectoring. The use
of vectored :{hrustf n%?%\é\g’%sﬁ 9 ﬁé&rtagtc;ila%]\ﬁ \‘?élgt Fgﬁl af‘ﬁr‘ﬁjthg’éc?]B‘?s to
act througheihecaaities iof rejremddd/ aadd spreesonr eppfl itke thuhbl detiabl &b
vertical | apdifg, £ @nghd.2keafd _a@rcg%%_tam%;[egéggfe 5&8"‘@&9%& q?r:{rgiin nd of
g fins - nged. 1h USEé Wwhen

the hull, four angled stabilisin are arr
the airt? affhe aRaylesd tredwle Wot IGIP3%e toai the agirpuas.i s Fhkeasedubed

suction apptuPteiDy hphd thaedi rdowa r).f‘d.r?t (HO¥NshbWR) AL rAllow whe SELE | ©
down gently qu ing,_10 .t he pa¥!oad ule 10 close to the ground. The
nodul e vehicles “to drive into and off from the payvload module in
the manner of a roll on/roll off container ship or the like.
The low hull height relative to length, coupled with suction
15 provided by the air cushion landing gear units, give the air

vehicle a high degree of stability on ground and ease of
ground handling.

The aircraft is designed to be able to transport

large loads safely over long distances. By way of example,

20 the aircraft described and illustrated typically has a
length of 307 m, a height of 77 m and a width of 136 m.
Such an aircraft has a hull envelope volume of 2,000,000 m?,

a range of 4,000 nautical miles and a flying altitude of up

to 9,000 feet. The aircraft typically has a cruise speed of

25 100 KTAS and a maximum speed of 110 KTAS. The payload is
1,000,000 kg with a deck space 80 m long, 12 m wide and 8 m
high. Smaller versions can be constructed, for example down

to payloads of less than one tonne.



suitably has a |l et down ranp (not shown) to allow wheeled vehicles to
drive into and off fromthe payload nodule in the manner of a roll on/rol
of f cont awpes/ostp or the |like. The low hull height relaPCrarR/o05mngt h,
coupled with suction 15 provided by the air cushion | anding gear units,

give the air vehicle a high degree of _stability on ground and ease of
ground handling. The aircraft is designed. to be able to transport |arge

| oads safely over |ong distances. By &gﬁggﬁiexanple, 20 the aircraft
described and illustrated typically has a length of 307 m a height of 77 m

and a width of 136;m AS4G b af ts ) p u
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to 9,000 feRtllTRBAaRr @Gt 2§ pFRAFEY ARSTE drpndiadsgeed feas 190 KIAS and

a maxi mum speeeroidd 10 KTARe Thelpaymathdsd bn008pPOLike wides deckyspace
80 m | ong, ] 8 rgh. Smal | versi o an be _constr ed,
for exaE%Iéﬁé%g%wﬁgg?%ggYQ%%%ed?g?%é%éggﬁég(ﬁﬁfﬁﬁﬁ1 ﬁiﬁﬁebgfoﬁggé?gfi’

PCT/ GB02/ 05%B&ragteri apfsing that| egishe lamidimonigesst megaafs drampyigses an
gas-filled ahyl lcwdidh o Paidi of 18268 naPARLg! AN Y gRAL JTEARS QD T
undersi de of t hul | arranged on ope95|te,5|des of a 5 longitudinally

ext endi ng cCERPH 1%@r #+EaF°pPRfAe TEROVASh G, TxoiarHha 3% cthist thean@ach

| andi ng geasndeansuecipyi sesaen opérablshiten movd the! Bdgngriag Skédis
nmeans, a supplving aitr to and renpving air fromthe bag skirt
means %rara]dr%% Tg% ?néplneé/n%g%%e$%bF8n 6g1ﬁ5\g§1?ﬁe T gﬁ?%lﬂéﬁﬁs%ﬁ BEt ween
an oper at i veoxelgurashbens oandoanainepgrahéver conbiguaationshi ons and an
i noperative configuration. 2. An aircraft according to claim1,
characterised in that the bag skirt nmeans of the two air cushion units,

when in their operéativePrRortFetirhti 3pcordiRgi b | atatnahd characterised

in that the bag skirt means of the two air cushion units,
when in their operative configurations, are inflated and
15 extend downwardly from the underside of the hull to define
downwardly open air cavities in which the air cushions are
created and, when in their inoperative configurations, are

positioned closer to the underside of the hull.

3. An aircraft according to «c¢laim 1 or 2,

20 characterised in that the bag skirt means of each air
cushion unit comprises first and second bag skirts extending
along opposite sides of the air cushion unit and provided
with engageable and disengageable connecting means, and the
actuating means is operable to connect the connecting means

25 together in the inoperative configurations of the bag skirt
means and to disconnect the connecting means when the bag

skirt means are moved into their operative configurations.

4, An aircraft according to claim 3, characterised

in that the connecting means comprise connections of a zip-

30 type fastener or the like, the actuating means moving a
slider portion to engage or disengage rows of teeth on the

first and second bag skirts.

5. An aircraft according to <claim 3 or 4,

characterised in that each bag skirt comprises an inflatable



15 extend downwardly fromthe underside of the hull to define downwardly
open air cavities in which the air cushions are created and, when in their
i noper at iwe oso#byur ati ons, are positioned closer to thePamdBogioskesof the
hull. 3. An aircraft according to claiml or 2, 20 characterised in that
the bag skirt neans of each air cushiogqunit conprises first and second
bag skirts gx éfﬁg@fgkaéﬁ 05|te sides of the air cushiop_unit and
provided w th engageable an senjﬁﬁ%fﬁqgr rec EPRgURBEREIda L t he
actuating nme&hs-is operable to connect t he connecting neans 25 together in
t he i noperative configurations of the bag skirt neans and to di sconnect
the connecting neaps when the bag skirt peans are noved into their

operati ve conflgurgtlon%n %?rﬁﬁagfr%?%??daﬁ%oFﬂl?&F%%)Qﬂzﬂhﬁ¥F°terised
charact eri et that tswitd mtwnsorfmctsmmllyﬁa@s aﬁﬁ”ﬁémselﬁgnﬂﬂﬁtt@né’h@fba@_:; zi p-
30 type 4 asienss a slider rtion
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def | at abl e bl adder nmeans secured to the undtgglagl%ogéf the%%uﬁlg’r@q&ln
aircraft act ?cﬁﬁﬁ;??ﬁ At 5, characterised in that said means for
supplying and renoving air to the bag 5 means is intended to fully inflate
t he bl adder neans 4 n t 0 nf| uratlon of t skirt, neans
with air bein fe'}d' at eé)l?a%ea%/l e 1 h ‘%*rfgne a| 4] é’g"a?‘ IRt he
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that means e Hlddethd s e Sseape of Al¢isipplied to the bl adder
nmeans into the air cavities.



