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5 This invention relates to an aircraft of the kind having a hul | fil qg 006
with lighter than air gas (hereinafter referred to as a "lighter-than- P?
aircraft”) and a pair of retractable |[|anding gear neans arranged so as to
be spaced apart on either side of longitudinally extending central verti cal
plane of the aircraft. In particular,_ but not exclusively, the 10 invention
relates to airships such as non-rigid airships. Known lighter-than-air
aircraft in the formof airships have wheels on the wunderside of the hul

to facilitate the landing and taking off of the airship. Such wheels 15 are
in lowered positions when in use for |anding and taking off but nay be
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air vehicle which conmbines the char act eristics of an airplane,

| ghte[%J than-air airship and a hovercraft, with laterally spaced apart

| ongi tudi nal Iy extending air cushion Ianding gear units. These | andi ng gear
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Known lighter-than-air aircraft in the form of airships have wheels on the

underside of the hull to facilitate the landing and taking off of the airship. Such wheels

15 are in lowered positions when in use for landing and taking off but may be retracted

when the airship is in 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 gear units. These landing gear

20  units support the hull on cushions of air, normally bounded by so-called “skirts”, but are
not designed to retract in use.

WO 01/72588 discloses a lighter-than-air aircraft according to the preamble of
25 claims 1.

The present invention seeks to provide a lighter-than-air aircraft fitted with
retractable air cushion landing gear means.
30

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



-2 of the hull arranged on opposite sides of a |ongitudinally extending
central vertical plane of the hull, each landing gear neans conpri singyrno
air cushion unit including bag skirt neans and neans for supplying air to
and renoving air fromthe bag skirt neans, characterised by each | anding
gear neans further including actuating neans operable to 5 nove the bag
skirt means between an operative configuration for containing one or nore
air cushions and an i noperative configuration, wherein the bag skirt neans
of each aié gyghion uni t conigiges first and second bag skirts extending
al ong opp8Linedul AHaRgedon epposits sides,afiA IBRIAINELRdensing st virtica! BRB2geabl e
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d'of an

(L Qoperat 'hv

the bag sKI%0S AB&ALS SUBPERE Afelor 2N LY BT iR tEaREY SRSt bag

ski rt meaosaratterised\bgyckachlandingejear mpartsfuitiver inaudfingaotaiting mean8operablg ts ki r t

conpri ses a fi rsg i rp(fl_{ atabl e and cl ef l&%t abl & bl qdd&ar means secured to the

under si de”lﬂyem?e A @e?ﬁebqiwt?eg}arb?pf NP CRRIghEA 'ﬁﬁv‘i’rﬁ’ﬁ" WEYEPL MHF at abl e

means ext eincdusigorscarairart inepératied corfigacditien, wheaeis tvébag skitt nodant loé ebtradider nmeans
ns,. of the two. ail ¢ ion

are inflated. Preferabl he b skirt 15.nme . .
oo wngshion Uit frer ek Shsird hia siomaeru b ointnd liefoRl: on
downwar dl yirfousiion lieit @nd grodidbe with ehgageable and disshigageathecovmedting mpans, ai r
cavities ip i I cushi r e nd. when_in LI. ipoperative
Cont 1 oo afg I Al s T4 3B ARE B e e orBing 1R Red tob bl n'RED°LS
posi t i10ni imppertatvebeapfiglration ofghe bag kit ereat®ancte distdenesit the avhnédiieg meahs when i n
their ino Y i td Wl C i j e .
Lol | npsoq MeR e fad AR g o @ bl Ty e shERiE ot ParBhC gl il Slin
| i ght er -t sampses adirstanfiatablevanchdeflatabiecbladdee mens eetureshtagke udterside of the

hull, the first bladder means having a second inflatable means extending below the first

bladder means when all of the bladder means are inflated. Preferably the bag skirt

15 means of the two air cushion units, when in their operative configurations, are inflated
and 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.

20
By positioning the bag skirt means closer to the underside of the hull when in
their inoperative configurations the air cushion units are drawn or collapsed towards the
underside of the hull and provide the lighter-than-air aircraft with a more streamlined
shape.
25

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
teeth on the first and second bag skirts. Each bag skirt means, in addition to the

30 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.



In its sinplest formthe connecting neans conpri se connections of a zi P
fastener or the like, the actuating neans noving a slider portion to e'H@&QQ@
or disengage rows of teeth on the first and second bag skirts. Each bag
skirt nmeans, in addition to the 30 |longitudinally extending and spaced apart
bag skirts, may include longitudinally spaced apart transverse skirts

ext endi ng between the bag skirts and pgoviding with the bag skirts at |east
one air cavity. -1 JUN 2006 -3 The means for supplying and renoving air to
the bag neans is intended to fully inflate the bladder neans in the
operative configurations of the bag skirt nmeans with air being fed at the
sane tine intoThdmesans faspupplying and remaringiair tohtbe iag reraskiivintended to illp
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closer to the hull than the bladder means when in their operative positions.

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,
20  with specific reference to the accompanying drawings, in which:

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;

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

inoperative position,;

Figure 8 is a schematic view illustrating an alternative design of air cushion units;
30 and

Figure 9 illustrates schematically how air is supplied into, or withdrawn from, the
inside of one of the bladder means of an air cushion unit.



a lighter-than-air aircraft according to the present invention; 25 Figures

5-7 are schematic views illustrating three positions of an air cushi-dnjuMi066
of the aircraft shown in Figures 1 to 4 noving froman operative position to
an inoperative position; Figure 8 is a schematic viewillustrating an
alternative design of air cushion units; 30 and Figure 9 illustrates

schematically how air is supplied into, or wwthdrawn from the inside of
one of the bladder neans of an air cuséion unit. -1 JUN 2006 -4 Figures 1 to
4 show a lighter-than-air aircraft according to the invention generally
designated by the reference nuneral 1. The aircraft is in the formof a
pressure 5 stabilised, preferably non-rigid having a hull 2 with a
flattened, generally elliptical cross- section throughout nost of its
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surface or recess 9 along the length of the hull. The inflated hull is of a
flattg@ed formand has a generally aerodynam c shape which is able to

provi de aerodynamic |ift to the aircraft. Typically, wth the design
illustrated, aphe eheatmaténal fmm-\ghieh therhullgs fommetiad Eutdhtotdrecise, flat stfapesi ft i s

which are bonded together to provide the precise curved shape of the hull. When the
lobes are filled with helium the pressure stabilized hull is formed having a camber along
its length. The two side lobes 3 and 4 are in effect joined, or positioned close together, at

15 the underside 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 a generally
aerodynamic shape which is able to provide aerodynamic lift to the aircraft. Typically,
with the design illustrated, approximately one-quarter to one half of the aircraft lift is
provided aerodynamically through its lifting body shape and approximately one half to

20  three-quarters of the aircraft lift 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.

25 The underside of the air vehicle 1 includes a 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 the hull, at least in a central
portion of the hull where these units are located. Each landing gear unit typically
30 comprises a flexible outer skirt defined by spaced apart inflatable bag skirts secured to
the underside of the hull 2 and comprising first bladder means 5, 5’ along opposite sides
of each unit. The space between the first bladder means 5 and 5’ is partitioned by three
longitudinally spaced apart and flexible transverse skirts 6 to define two air cavities 7



provi ded aerodynam cally through its lifting body shape and approxi mately
one half to 20 three-quarters of the aircraft |ift is provided by the
buoyancy of the hull gas, e.g. helium 1In |longitudinal section, the -huljiyN 2006
has a generally greater convexity on the top side than on the underside. 25
The underside of the air vehicle 1 includes a |ongitudinally extending
gondol a or payload nodule 10 positioned in the recess 9 and air cushion

| andi ng gear units 11 and 12 on the hdFl |obes 3 and 4, respectively. The
positioning of these units is facilitated by the generally flatter
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| ength of t and unit to drawt connecti ng means together and
to interlock and connect themtogether. On novenent of the sliding nenber
back to its original position, the connecting neans 20, 20" are
di sconnected from each other. Thus the bl adder nmeans 5 10 and 5' can be
"zi pped" toget Hemserthe riaddspeneangsSr Bqurheadin peerative eerfigprabianferarfredts 5, 5',
when i n oRghrRdctedEoreRphdd Yo GRkie? Bhd afd BfI&t8d. Air is supplied to the air cavities 7, 7' to
15 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, 7' to provide the air
cushions. 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

20  schematically in Figure 5.

When in flight the bladder means 5, 5' may be at least partially deflated and then

connected or “zipped” together (see Figure 6) so as to be shown closer to the underside

25 of the hull 2. The space 21 defined inside the joined together bladder means 5, 5’ may

be partially inflated (see Figure 7) to stabilize the air cushion landing gear unit in its

inoperative condition. In their inoperative configurations the landing gear units are

“flattened” towards the underside of the hull 2 and provide a more streamlined profile

than when in their operative configurations. In other words the air cushion landing gear

30 units when the aircraft is in flight provide a more efficient aerodynamic surface offering
less drag.



connected or "zipped" together and are inflated. Air is supplied to the air
cavities 7, 7' to 15 provide air cushions for supporting the air vehiflﬁ 6
during |l andi ng, taking-off and taxiing procedures. The air supplied J Nﬁ@
infl ated bl adder neans 5, 5 nay be allowed to escape frominside edges of
the latter directly into the air cavities 7, 7' to provide the air

cushions. Alternatively or in additiongair may be supplied independently
into the air cavities The operative configuration of one of the Ianding

gear units is shown in Figure ht the
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to pass through the cavity ossi b equl ated by the fan or val ving
pressurized by selective use of the fans 4 and 3 to prevent'the bladder means from

15  flapping.

When the bladder means are pressurized, 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

20  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 §'. The

relatively widely spaced apart air cushion landing gear units 11, 12, combined with the

low height of the hull 2 compared with its length, give the aircraft a high degree of

stability when landed enabling elaborate tie-down systems to be dispensed with

25  (although less elaborate tie-down systems may be required in addition to the suck-down
air cushion landing gear units).

In each of the Figures 1 to 4 landing gear unit 11 is shown with its bladder means

30 pressurized and landing gear unit 12 is shown with its bladder means depressurized. In

practice, of course, the bladder means of the two landing gear units 11, 12 would be
either both pressurized or both depressurized.



means (not shown), into the air cavity 7 to provide an air cushion within
the air cavity. In 10 the inoperative configuration, either or both of fans
42 and 43 could be operated to renobve air from thereby at |east parfbﬁﬂbmﬁ
defl ating, the bladder neans 5. Wen the two bladder neans 5, 5 are
connected or "zipped" together, the space between the connected together

bl adder neans and t he undersi de of the hul | can be partially pressurized by
sel ective use of the fans 42 and 43 to’prevent the bl adder means from 15

fl appi ng. When the bl adder neans are pressurized, air may be rapidly
exhausted from each air cavity so that a suction or hold-down force is
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in addition to t -down air cushion ng ge n each of
the Figur @QSt&UOE@e¢n¢9ﬁ6$lﬁ@ffg@éheQ‘PnQOlall is shown with its bladder neans 30
pressuri zed and | anding gear unit 12 is shown with its bl adder neans
depressurized. In practice, of course, the bladder neans of the two | anding
gear units 11, 12 would be either both pressurized or both depressurized.
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may be f oruARshbréNed! raW IBKE SHEHMPs DRBrshlkhd bARd 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 considerably reduced by retraction of

15 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 spaced apart ends of the two side

20 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 mounted to swivel to provide vertical and horizontal vectoring. The use of

vectored thrust engines positioned to allow vertical thrust vectors to act through the

25  centres of gravity and pressure of the hull, enables vertical landing and takeoff of the air
vehicle.

Towards the rear end of the hull, four angled stabilizing fins 17-20 are arranged.
30

In use when the aircraft lands and the air within the air cavities is released and

suction applied to hold the air aircraft down, the aircraft will settle down gently bringing



5 nearest to the gondola and high pressure bag skirts 51 furthest fromthe
gondol a. This enables the bag skirt 50 to have a | ower profile than th@% ﬂﬁs
the bag skirt 51 so as not to obstruct the line of vision fromthe gon N

10 A particul ar advantage of the use of air cushion | anding gear units 11,

12 is that the air vehicle can | and and take-off from any reasonably fl at
surface, including uninproved raw | angl, swanps, marshland and water, e.g.
sea. A special runway is not required as mﬁth ai rcraft having mheeled
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15 than one tonne.



the manner of a roll on / roll off container ship or the Iike. The lgi/DHBMﬁ
hei ght relative to Ilength, coupled with suction provided by the air d

| andi ng gear units, give the air 5 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 |ong9-distances. By way of exanple, the
aircraft described and illustrated typically has a length 10 of 307 m a

hei ght of 77 mand a width of 136 m Such an aircraft has a hull envel ope
vol ume of 2,000,000 nm3, a range of 4,000 nautical mles and a flying
altitude of up to 9,000 feet. The aprgsmt typically has a cruise speed of
100 KTAS and a nmaxi mum speed of 110 KTAS. The payload is 1,000,000 kg with
a deck space 80 mlong, 12 mwide and 8 mhigh. Smaller versions can be
constructed, for exanple down to payloads of Iess 15 than one tonne. -1 JUN
2006 -9 CLAIMS 1 A lighter- than air aircraft (1) having a gas-filled hul

(2, 3, 4) anh A jghter-than-ainajteerit (13 paying P&ﬁ%rf'h?@' f@@a(? $réaAgd g Pair of 5pace t he

under si de of t Bgakydrdirgy gé’d?gﬂdar%n(ﬂoﬁﬂpﬁhttﬁe %lh@&?sld@foféthéQﬂuﬂlénléﬂbéﬁilohy
extending central vertica hul each | andi ngth%ear nmeans

conprising an 8PP°S<‘}E§W§Hfﬁfﬂ”ﬁ't‘l‘%"M&?‘tﬁQd'B%ﬁe@ﬁ yerticRl plage hgll, eash 20 )
and neans for sanapigyjeatmeiahs t:@npﬁydqgrmvcmmlunutfm@uram@sadoaarta{@ahé (5,means

characterised hy ea | andi n ear ans further inclu uating nmeans
operable to no 2$ églbéﬂd é‘?ﬁﬁgfg gﬁ'ﬁ'@t%@rﬁ@n"*ﬂﬁ&”&ﬁ' @8'86 E’@%Fﬂftl on for
cont ai ni ng one ncganmeraateﬁswshlealﬁ mmdwgagearrmwfsamrtua ipeI0ding Uacbiating,

wherein the b%%askl rt ans o 5@ cusgi 8’2 uni t COTH&I’I setls%lf Lr st and
Second bag - skiTRA SRVBHE O S S B L R eRERs i QARG SCRRTBI L ¢
and provided Mdrhonmntgw&lﬁrmmedmumeumanlmpeoa‘tive@bnﬂwrat‘eamherand t he
actuating m:"an?he' 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 connectthe connecting means together in the inoperative to connect
the connecting means 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 configuration and each bag skirt comprises a first
inflatable and deflatable bladder means (5, 5') secured to the underside of the
hull, the first bladder means having a second inflatable bladder means (20, 20°)
extending below the first bladder means when all of the bladder means are
inflated.

2. An aircraft according to claim 1, characterised in that the bag skirt means of the
two air cushion units, when in their operative configurations, are inflated and
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 claim 1 or 2, characterised in that the connecting means
comprise connections of a zip-type fastener or the like, the actuating means



operabl e to connectthe connecting neans together in the inoperative to
connect the connecting means together in the inoperative confi gurat i dr$§Nadss
the bag skirt neans and to di sconnect the connecting neans when the bag
skirt means are noved into their operative configuration and each bag skirt
conprises a first inflatable and deflgtable bl adder neans (5, 5') secured
to the underside of the hull, the first bladder neans having a second

i nfl at abl e bl adder nmeans (20, 20') extending below the first bl adder neans
when all of t heokingddsliidemparnisn do @ngagd bratiechgage réws af textrabh the @ist andlg t o
claim1, charag%ére?kid%gg %'B that the bag skirt neans of the two air cushion
units, when in err 5 %tive configurations, are inflated and 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 noperative configurations, are positioned closer to the underside of the
hul I . 3. An 4i Aoraifctaftaaecordinntp tleint [1aRnor13, shaicterised @t that issiddmeans feat t he
connecti ng nea - i ty f i Prt : t i ke,
he act uati ng. SrpyRHd En6AAS SR IS s Redishis KRAGEATO A0 pfike e ' o
of teeth on t hblafiilersneansdin the aprthtivegosfiigurations 4f thenbag siirtaheanscwith dirng t o
claim1, 2 or : j i - Sal, : ying and
renoving air tgm'? ﬁﬁ%gﬁﬁdﬁfﬂ?in}tér]{ﬁgtr?@g{"ﬁ%{ﬁ’ﬁi’y'éﬁf Iag'té gg’#%ﬁesn bl adder
means in the operative configurations of the bag skirt neans with air being
fed at the SAMBnlzirBRidaberahlfo Blalm §2MHtdcRish iPhatihEan! 418 pRiviaeSMhens. S.
An aircraft accordrng to claim , characterised in that means are provi ded
for the escapeseapesf air supplied tathe bladder meangdrie theszineavitigso the air cavities.



