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Field This invention relates to a nethod of |aunching infl atabl e3 i % ﬂ§
apparatus for subsequent ascent to high 5 altitude for operation as an
airship. The invention is particularly, but not exclusively, involved with

-t he l,aunchi ng of unmanned airship apparatus. The invention al

ai rship apparatus and to an airship |aungh.' station. 10 Backmmwmmmng
I nvention High altitude airships are designed to carry |large payl,gggs.to
high altitude and then to remain in a geostationary orbit for extended
| engths of tinme. Wiile there are many chal |l enges facing the design of such

an airship one 15 of the.phbRBhY BRCHibE hhalrakechfiechipg a control | ed
| aunch of the vehicle. The operafiton close to0 the ground of a thh al titude

airship, which is an extrenely lightly constructed vehicle, reﬂH“M@@"lMHMW”F
of thrust amedchafiicedl Ftilatd cannot be 20 provided by the vehicl

anyt hing nore than absolutely cal mconditions. Due to the difficul tigidsn
predicting these calmconditions it is alnost inpossible to provide a

guar ant eed | aunch E&dasbi ihventdenopeskatemaltoef i cherlegd Rt hapnebingi s,
chal | enges exie3hta®1lh@ 23 MO ULH LM ar SRl pubBadset L868N€T Vol REEAW N
the conpletign of a mssion. In particular it is difficult, to maintaln
operatiof oflthEudeyefDpeCprERLIPE Bt BF WHITEMIFI nt dPFs FHEH T U8
Wi t hi n, andphefideulkelshapeuy , rdde aéxshipivebypyel Dpeoldbd ewiehopehe

pressure systemis_only 30 requi.red function ri I very
of the vehi @Iaémé%&ntghﬁs il Fgc?lf%&é%l%p %Ig t‘?%’r gg’tee%?‘?’%ﬁtggg’eég(ré§|
years prior redadesceht anirshipveappangdtus 3angy tooosn Zirghip launch

station.

10 Background of the Invention

High altitude airships are designed to carry large
payloads to high altitude and then to remain in a geo-
stationary orbit for extended lengths of time. While there
are many challenges facing the design of such an airship one

15 of the primary ones is that of effecting a controlled launch
of the wvehicle.

The operation close to the ground of a high altitude

} airship, which is an extremely lightly constructed vehicle,
requires 1levels of thrust and control that cannot be

20 provided by the vehicle itself in anything more than
absolutely calm conditions. Due to the difficulty in
predicting these calm conditions it is almost impossible to
provide a guaranteed launch capability for operational
efficiency. Further to this, challenges exist in the

25 provision of a safe means of recovery following the
completion of a mission. In particular it is difficult to
maintain operation of the envelope pressure system which
maintains the pressure within, and hence the shape of, the
airship’s envelope. The envelope pressure system is only

30 required to function during launch and recovery of the
vehicle and thus is subject to cold soak for potentially

several vyears prior to descent and recovery. If



20 25 30 35 - 2 conventional internal ballonet "sacs" are enploy%ﬂ,tﬂhhﬁ
cold soak may render the internal ballonet "sacs" inoperative by t é
freezing action of water vapour within the envel ope effectively bonding the
sacs to the envelope. This would result in the |loss of the vehicle during
the descent phase of the mssion due to |ack of envelope internal pressure
and. ensui ng structural failure. Significant experience has been gained in

t he |l aunching (and recovery) of neteorol&glcal bal | oons over many years.
These baIIo@mgwgn;nﬁnahcahtyrhaunbhédqnetit@mpstaagaﬁemnﬂ¢xﬁdt|thland as
they ascend gl titsade the heldnia.expeads aftd:an { Ak findbel hshukh *hot

air ball oon" shape. However such bal |l oons are un-powered and effectively
drift with ﬂﬁ@HﬁQSE%WQrEVwFHﬁ fYRezphag §&tdore Wate¥ hBapeRY| Wifhin
position thrmeghaiiieldind reffegiveld Isd08ihie thet bocs nuenthaneﬁneabﬁeof t he

pr esent |nv tlon |s éOI%k%_Ide an h”pﬁ%%Fd gPtQBg Qr %ﬂﬂ?héﬂglﬁ#gghe
al titude alrs |p apparatus ﬁbcordl 0 one ‘aspect ﬁ

i nvention t Wessent: ppdeisge afnethed nt;-fSSJalm_cI‘ﬂllm raf IJaEt%ibI @_fal egNepope
appar at us f Qin tHRSA0YHINE s ASCLHnd Céﬂb‘xﬁﬂu_f"éﬂxtd&ﬁnfaﬁr fQpanatd on as an
airship having a hull” formed froman inflated flexible gas contai nnent
envel ope, payl oad neans, drive neans nounted at the stern of the hull and
cabl e suspensi on nesinmifiotastippaxpemigeride plays oadeerangaiheli ninhhe thel |
connected t | q.qriv a t I ty ] se
portion of ?ﬁ%ﬁkﬁpﬁ#}tﬁggﬁ pﬁo Q%%ﬁ@r.%?ng&ﬁgfﬁ}&F@EC?%f%&¥?%%$§%i§V%§s
cont ai nriEnt mANR[YSRE Sy t Ahgse] Hhldponhanrai Yeyhbealsy ainghad icadsdovai d

nose portionsdddibk Wehl 3@l £y BASEAHS argedtH@%.aantegdrlt%ﬁ ¥ EDERa@ gkt i cal
| aunch encl Qsure to position the partjally intl|ated gas cont ai nnent

envel ope i n Bedideh&FRAGS a9 they takecqhebheir rBtiehs vt eid patdram'y
53}‘_' gggg gasHupy Ai mesn%ﬁbapsaitsa?gtarf a;mcﬁbmdh a0 tﬁtfrf@ughlvaay 31
en, t.op .of the rtica c ur t hat _t he ,enyel gpe
ascends ol eI SR T AV CH R i [T O o FERe o Chkd
drive nmdgdéns vrrtigsils wds i tior athsowsyispen st losd ;mefinisghtS. The net hod accor di ng
to the invention allows for the controlled release of the airship apparatus
froma vertical enclosure. The airshjp apparatus can be held in its |aunch
posi tion redhBEglpsure, of the Inventionyaj|ing Weather conditions are

satisfactory for Iaunching As the alrshlp 10 apparatus ascends, the
gaseous nedi um e. hel.i u S, cont ai nment q:nvelo$viL tarts to

a
expand and the env pglPaE%%v%ﬁe PF&Fﬁﬁi %ﬁYﬁnﬁ%o?hésshapepﬁ rshlp
starts to fdmpraved cemertbodf grfavi lyunthihg vdhigl e slwitsdeo raatmthep
around the(%?ggfgfﬁ lift ultimately 15 resulting in the airships hull
rotating to l eve ?]lght capabl e attitude. The drive .neans can then
begin to function and the vehicle can be propelled and flown in the manner

of ? stepgmar?hal r?méboﬁéﬁmgcasbtlawclals f &he ﬁ?r slhf@s@@@arlaw&al%r@
perfornmed w a far er, cer ccess. than nventi ong

| aunchi ng pridt¥fir £€. PFREL &&s@gﬁ“ectg"r’f{dr e%fa BHﬁa nFadh Eag’lagﬁ'l or?lrt%pcal ly
in the for matﬁpara:tyths ndfoxal suksddgliery Wddrent ey atiigrlr oafltilucte a filcaunch

station al | oy Lhes G TSl Poto BeLhibedh il the gassouscon pediin gug.

helium and pr F or flrght Tn a mea proof _environnent
weat her for 3R élgmalplel gaal cmaﬁhemewtneaweéapebepmfé&a@t &eamiah

certaintys Airihe ﬁ@&%ﬁ“ﬁﬁhﬁ@ﬂﬁnhttmhéOQEekﬁ'6¥r€ﬁée%ﬁ¥¥iEH& Al P
apparatus ascends vertically out of the top of the bui
suspension means, for supporting the payload means within

the hull, connected to said drive means and to the hull at,
or adjacent to, a nose portion of the hull, the method
comprising partially inflating said gas containment envelope
30 with a lighter than air gaseous medium to cause said nose
portion to fill with said gaseous medium and to rise within
a vertical launch enclosure to position the partially
inflated gas containment envelope in a launch position, and
subsequently releasing the partially inflated gas

35 containment envelope from its launch position through an



30 The ascent then follows a typical neteorol ogical balloon pattern until
"roll over" is achieved whereupon and the nowfornmed airship is fl @unjuLoli} s
site-of operation. Preferably the top of the vertical |aunch enclosure is
provi ded with an openabl e cl osure which is normally 35 closed to protect
.the enclosure fromthe elenents but which 31 JUL 2003 - 4 is opened
when the partially inflated gas contai nngnt envel ope is ready for rel ease
fromits launch position. Preferably the-ri'se of the gas contai nnment

envel ope to9reR | wemchiposhe | BATARERS UIBRTGRAENTS Bar t Hae ogavedopes of
the verticaladcaHdEh enehesuse ithd esleraiirad b¥neabkareetandi ng f@ANgheThe
cabl e retaini r;ﬂ. neans suit abl cgrrgri ses a nunber of rest rffai i.ng ca Iles
connect ed t ®FNE3Ghs "EFREai AREnt SEAVEI oPE2BAd T ndIFIENL T o 52y FRE 16 ut

t he restrai muspegadilogs ntemrgont rol the rise of the gas 10 contai nnent

envel ope. The connection of the restraining cables to the gas contai nnent
envel ope is suitably released of ter the lifted drive nmeans has risen above
the top & the vertih@amathat RERIGAE &0 Shia AFVErEGHAR &1Hows EeTosdet i on,
e]; g. hf rom 5 conki¥b11la me@‘e%fs?éoqu_ fob@m _a&_rslhi&% ]@cplﬁafﬁl 2 tus |f)tdnfn:jal ale@dic@lune

of the gas caont.ai nnent vel ape..i,s initia | sai aseous

e um e o SHAHRE e TR AR o RRRATARE SRP Hre Hapd shep 180Rn
Conveni ent | ywosidliam ceklkdyeafisrf drayposier ungilhetRe gpretaipling opeedhiean are
secured 1o i gas GANAOTEN ; SVGLOR POEMANRChERES hS ithel bizlshuRch
position. According to another aspect ‘of the present”invention there is
provi ded 9 nfaRRaM? 815 538 Bppeiat RS FRALENHEEL Sy §sfendicAduo Miifhin

al ti L ude fortmpenalsi 0BoAsadfimadhtshéivebop@Vidith i e:t@nga:_kﬁ?ilaal |abI|1d hQ:hef

ai rship apparatus conprising a gas t al nment envyel ope inflata t orm
sai d el ongat®Hin9Ee ggﬁ}(Squ?ﬂea%s ?"‘ﬁgfed"é ggirﬂ"gas\ﬁfon Bf N8Pt P

drive nmeans giorsteip tarares dovéoome aheaceagrenobfgtdrel twtdrtidestehied et 0
formthe stern ofg the i phhated whi,gnd fablg e”EBES.ﬁof‘@eQ.{l'hﬂ%a%%y

payl oad neans and. t he drive neans to a connecti ng portion of e gas

cont ai nrient reel oing det Fhed adgshapst id ovkahihofteha levedt &dilght
the cabl e meafsel Ng @iRREed t OrRePRFivd hadiRiONkagl thenCallgidreans and

drive nmeans fromthe said connecting portion when_the gas .
function and the vehiclé can be propelled and flown in the

manner of a standard airship.

Vertical 1launching of the airship apparatus is

20 performed with a £far higher certainty of success than
conventional launching procedures. The design centres
around a launch station, typically in the form of a

} cylindrical building with a removable roof. Such a launch
station allows the airship to be filled with the gaseous

25 medium, e.g. helium, and prepared for flight in a weather
proof environment. With local weather forecasting, a small
local weather window can be predicted with certainty. At

the appointed moment the roof is retracted and the airship
apparatus ascends vertically out of the top of the building.

30 The ascent then follows a typical meteorological balloon
pattern until "roll over" is achieved whereupon and the now-

formed airship is flown to its site of operation.

Preferably the top of the vertical launch enclosure
is provided with an openable closure which is normally

35 closed to protect the enclosure from the elements but which



31 JUL 2003 contai nment envelope is partially inflated and arranged Wth
its bow end uppermpst. According to a still further aspect of the bt déeilil]
invention their is provided a |launch .station for |aunching 5 inflatable
airship apparatus to high altitude, the launch station including a vertical
encl osure, a launch pad at the bottom of the vertical enclosure for

enabl i ng airship apparatus at the bottom of the vertical enclosure to be
partially inflated with Iighter than ai ré gaseous nedium so 10 that a nose
portion of ishe criersdd p wnepar shes bper&bkhdlyo intkavwedhiges heandaiingent

encl osur e { g1 SIChe PRSLAY Oflox 3HCh 90 96 e FERNSE IV 1t 881584 DE LKk Cab €

means for connection to airship apparatus to be | aunched Tor controlling
ascent of the airship apparatus fromthe | aunch pad, characterised in 15
that the |aunch steiéPerdbIy hehei fikedes enenaghlse caimrt adlrereal] ersiedpee

means at t t f rt.i.gal I [ [,n i S is
at the bot pg?n il ?hae&rg%r \lb%cséltggr?c?%s%ugggggg?g?gltsg’p%ﬂ%P%I]%M %%}ll nq;'% out of
t he rest? ai of nfFheabrerfibams Jounisdt epelemdeemt 16f nertxaingd pb¥o at us

is control | gded fQmghemdanoch paghd o e d aurncd ROSId | Glealy Sisemasnt |y
fromthe |launch position t rou%t the tap, of the gfclosure Wltattthe | osure
neans in itSOBRERSHBsPL 'F‘b‘ﬁ'g. €& iFa T SS S UPRF FRP1RF| SPBReSES n %tf'eni ng
at the 25 tgssotohbeimesht caveboposame. wiiclefmdaascriqt ipayioig thee Dteen ngs
An embodi mepj . Laihﬁnbn‘ég%h% thlﬁl oW e, desgld bed; By way %{;\ﬁeéﬁg?%g

e
only, with partrcular”rererence e _acconpanyi ng draw ngs, in ch
figure 10j scentaimmentygmvedople.an FhesHqnrenhicom ngf staei orestscoimding to

the Inventleablggg%e;ﬁegag S&&th ORRbnYI 8N Of o VS td Calarene Qs the
| aunch statiogn shown in Figure, 1; Figure 3 is, an enlarged view of_ a | aunch
pad of the 35CPBURER LiEEP@ErMIRNDRRRSERT T1eAn RROVDCRE PP MGHRR 4 to
7 are viewsvektistlalhufgchovnhalestirp.apparatus i s |launched vertically from
the |l aunch encl osure; and Figures 8 to 10 are views illustrating how the 5
ai rship changes froma vertical disposition to a generally horizontal

di sposition as the airship ascends and its hull expands. Mdes for Carrying

Qut the Invention Suitably only a minor proportion, e.g. from 5 - 10%,
15 preferably from 6 - 8% of the fully inflated volume of the

gas containment envelope is initially £filled with said

gaseous medium, e.g. helium, at standard temperature and

pressure (STP).

Conveniently, solar cell means for powering the
20 airship in operation are secured to the gas containment

envelope when the latter is in its launch position.

According to another aspect of the present invention
there is provided inflatable airship apparatus intended for
ascending to high altitude for operation as an airship

25 having an elongate hull, the airship apparatus comprising a
gas containment envelope inflatable to form said elongate
hull, payload means inside said gas containment envelope,
drive means joined to the envelope at a region of the latter
destined to form the stern of the inflated hull and cable

30 means connecting the payload means and the drive means to a
connecting portion of the gas containment envelope destined
to be at the bow end of the inflated hull, the cable means
being arranged to support the weight of the cable means and

drive means from the said connecting portion when the gas



10 15 20 25 30 35 In the drawings, Figure 1 is a general view of
hanger 1 with an airship launch station 2 at one end, and Fi guresagljggzlg 388
33-0gs294t e how airship apparatus is launched fromt he station to hi gh

altitude. In operation the airship is unmanned and is specifically intended
for conmmuni cation and/or surveillance roles. Hence a very high altitude is
required to give maxi mum coverage, whi'l & remaining in the bounds of
" practicabi kbhyaifineae theelopal ivghbanreiallyifiilntreahend adirctrateedwhyht he

al titude, g{__a %I cal %ects |OI rEit the size of the airship. The airship

needs to b 8Ve ®PRe “RESC RS , i.e. above the effects of convective
tur bul ence. Study of the wor | d-wi de at nosphere yields an altitude in a band
of from20 to 22 ki ( 0 0 y B of the
geo-stationary reéﬁlc?’g%'n tqﬁegpg&églt g%éjthegpﬁ%%al rsﬁ#plaep‘g%%g%gﬁ t he
natural wi ABVEPEAED Shede tife RAISHISA nlistareshi AtaFiBBr Ao T draugcpdinigod

neasur eq i an\fqartablteh%ﬁgniydsppafatﬁbe toOWesh vumhﬁ@@@t r umal 3 apiRberred.

This occurs, fqr th qQpul ated Iatltudes 1

ki | onet r es SRR §’0?n§‘ \rioé‘rdilé‘tgl %n"’y&’f% g &l ¥ &&U&F rég aél Jiee 1,
t he hanger bbtaweeh | afinchhet atéoniahr een@lmmred Fife) o eaasial-v:ilt:mg a‘ﬂ:eshti@ger
shows an alr %Ir%t%. ghtggs n?rSf?E r\{ﬂ%t?g_r{:%ag_e% o§gs For

pr acti cal oses anoun Ium or ter thnan air
gaseous rredzam'qlaﬂéyl n.tnfdcan&;’d witlh higkhep bbani airbgaéleg@@smmm SO

her ei ngfqt ey, Jfor chiLbgs S0 Lt sh ved to
the | aﬁlnch tha§1 Jbﬁggog%gg%g%ﬂ gﬁa‘%ﬁé %Pr%lﬁlr'lgﬁé%é own | n Ifgu%q‘frg%s

typi cal |y wWiShifonghanyessinaln enaheserewtich an Lamn@rhwapoebtaﬁe: ofand

appr oxi Mat &3y 20 ghLfHk r{&tﬂ hﬁe@tf§ﬂ.@n§‘a§aﬁléuhéaﬁsf @b IriBrd ol & bl e

gas contai nnent envel ope a notor_unit 5 _at the rg&r of the hull 4,

tail fins PIHRPP \Pé’rHa}‘?,aat'ruﬁf i ¥2 E%p?aﬁFPcPFﬁgfgraﬁoFﬁg rdme &fFeIt e

hul | . The |tﬂ:1§]@1:$ﬂﬁ1p Qibphretiqy e ahellduih et cHhdagtanldad ahput
120 m [

igh wt r|se re ctableg rpof closure.11. Sta bal coni es
12 are osit\t%ao%e hgt g‘r ox% f‘gf*y guﬁgﬁﬁfer v%ﬁy%u%%sl t%P% tB*Enabl e
access to tdi@saarrlﬁnqd.qhnnmglelamfsl atti bhedesprebethd aret niafd krenclivesuyad .coni es
12 are desi AY b i ght el t hown) .
A 1 ot AT B S e O o e e et ™
Figures 2 aﬁw@sunmstm@e t BB aiUs$hi p THTHPIh FPYYERI1 PHta @éfla‘%lé%l

initial | aunchd el Gsd ta:amat madahauleh fat lhat ateenboborpf atﬂesﬂ nch

station 2. The Iaunch rov si.cal ort for t o n|t 6
and a PRI ARPHEF L r+ dc8 t’éobgﬁao%ipo\ﬂi/twet ’I})‘g Eai;oﬁf’al@ﬁ’rfenﬁt "%}él ope
5 draped ovessithern asndhsubseGaenrtliy Iansmuﬂ:hef lialue o \ped soipel n | shareagh r ed
to ensure that the f ic i.s Nno v rda durin aunch. The
interior ofrkfl etoe%v ggheelesnceg%éc‘ﬁlg %dls%%?% clgcesrlfres Ig”;fd:%ablrIll g"z’% ?Igs]eeljg
Figures 4 apmbﬂ)lcauached to the 25 support ring 8 and are led to a series,
e.g. four, of winches (not shown) set into the floor of the launch station.
Hel i um (or other lighter than air gas) is _now introduced into the envel ope
5. For an operati nijibFaPivde SV F- 65 606 1AtecaabPiitt PRl OPRBEGE BF 832000
B of Hesati§ ToP- thé +OE£0daLednandstakes up typically 6-70 of the fully
inflated hull volune. As the gas is introduced, the nose of the envel ope
rises towards the top of the station. The rise is controlled by the tension
in the cabl esi@f péserOptibhost3bhehpruwnahges and by the weight of the
fabric lifted off the

An embodiment of the invention will now be described,
by way of example only, with particular zreference the
accompanying drawings, in which:

30 Pigure 1 is a side elevation of an airship launching
station according to the invention;

Figure 2 is a sectional view of a vertical enclosure

of the launch station shown in Figure 1;

Figure 3 is an enlarged view of a launch pad of the

35 launch station;

AMENDED SHEET



31 JUL 2003 _s_ launch pad. The partially inflated envel ope 5 is Hel dli #0h
| aunch position (Figures 4 and 5), approxinmately 6 mfromthe top of the

| aunch encl osure, with the main payload 15 still in contact with the |aunch
pad. 5 In the launch position solar panels 30 are attached to the support
ring, 8 about 20 maft of the nose. The panels are closely attached at the
.upper end around the circunference of thg hull, but are left free to hang
fromthe support rj ng 8. Tge gxtra wei q?.t os]‘ gffuggjragi an IO% 10 reves
tension fromthe w nEhes® But“Suf f P&Tent” Bloyancy W t ht Rt He envel ope
ensures that the cabbssa20sddo sotlagncbledckvedhicpbly oddore dhd nwrchunit 6
are suspended by a.genttgle¢alhg 26 supported fromthe support ring 8 by 15
catenary cables 27. These cables have their slack taken fromthemin the

| aunch position. To launch the partially inflated airship fromits |aunch
position, the roofrggaseee dl s apenede Wwidwe ailliusabbeingeahdwer ttherdow

by retragting roof |1 0 (se i . I col | ag _or
bunper 1% is full ya?%H‘g’?eﬁ%%\j ﬁ%égs ab_egfgk'?g%%a?losﬁg%a%ldeﬂs. 528 aand t he
wei ght of the payl 8adeI8lakd heréronhpl 6dbFROFHkEPR by2% hethentddskidl e 26
and cabl es 27. Theazpagh@adaha Gt¥PhGahl! ¥xpAnasgondola) lifts off the Iaunch
pad and the remai nder of 25 the envelope 1s lifted to the top of the tower
10. Eventually the vertical cable fromthe payload 15 to the notor unit 6
becones tighbdéki gokecerratdgt batf uthe wavghtieh the airship is now taken by
the heliumin the partially inflated envelope 5. It is assuned that the

wei ght of the 30 cables 20 is |less than the static buoyancy of the airship
(necessary to all olnt vdheaidwsawing® aBigndet @ Hisghe agenendd) view tdfi sans not

the casep iLiIBK) eH&?@%’isaiYﬂthaﬂViafi%ﬁﬂ? l1 fghdimsPatigopns ot gdown)
to carry the weight of the cables 20. 31 JUL_ 2003 h the conplete

W t

ai rshi p noweBfy ERE FLERERSpadte t3fe IbilvEtEats E‘OUpéFEFgEIPt BPPApREES bRy out
t he cabl es 2Quakhed Fgomheclpaysoatidd tseRifhguleitudand m ospethatidm
cl ear the t%BeOfaitrhs%'t ower 10. A%egooarh@s.éhiss C%”E%:th henieca$l£sfgo (and
support bal I'O0Ons™ it plrpow ﬁeg)nmggle elE¥s et f PEMTHE S na grard e &7F shi p
clinbs to akbtimmudécaktonsaasdomeduriret ldaneet helast orHencé & veryllbgh of
t he | aupgh : t he wi n y Qui .t S Xi 1
m's. Thgg t%gqé%?lir_ife ﬁgungﬁagga%gncggcaﬁyﬁgl ;Hgag%?jg et%ﬁ’?’ﬁ%\%br %%‘t}/el y 4
mn fromth&eppdning ér the peunds|l esupcagticahisivery Shoee ERpoSeF2ltine
al lows for keduaRdolaunedihlySkadsi yRBlQItdd 8 ehe0R1tPEL8ES hpPasbDELL
period of time can Ee r:r%de wth co?r;%l%lence, s%l%nwg a nunper, tggl cally 8,
equi spaced REREREF SEBLFoRBEpBLFEi Shdha Rz f F&fh BHESFABNRREE at? on.
As the airshep"ebbubsthe wéathed?, itewidHovesttheariffienta afnnenvecwivar to
that of ,§ Wedtign e @:Iel.oorbt‘_’ﬁ%)h Bgetﬂgy%§~$dl§riﬁ%d arH?rFoQJp}{é&'et B SHRPOLE ed

|'e 26 and cabl es 27. be

via the vertical cable he airship wl in a down w nd
drift altitude in a band of from 20 to 22 kilometre (65,000-72,000
ft approximately). Because of the geo-stationary

requirement, the power to drive the airship depends on the
natural wind speed. Since the airship must remain airborne
25 for a period measured in years, the altitude with the lowest
wind spectrum is preferred. This occurs, for the most
highly populated latitudes, at around 21 kilometres with

some variation due to geographical features.

In Figure 1, the hanger 1 and launch station 2 are

30 connected to each other. The hanger shows an airship 3
which has been pre-inflated for testing purposes. For
practical purposes only a small amount of helium, or other
lighter than air gaseocus medium, is introduced into airship

as will be discussed hereinafter. For launching, the

35 airship is completely deflated and moved to the launch



20 with the prevailing wind and will enter and pass through the jetdisilteXd
in an unpressurised condition. As it continues to clinb, the shape of the
hull will begin to form (see Figure 8) as the heliumstarts to expand and
take up nore of the internal volume of the envelope 5. This causes the 25
centre of buoyancy to be shifted aft and the top of the envel ope starts to
droop over (see Figure 9). The progressige inflation of the envel ope 5
causes the main catenary suspension neans 40 to start to pull on the
gondol a 15. sBet&a@Be 2-he Theli viidghiPcabl TROWE LReFig¥genst ohs nEER3CBBIN0 are
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to burshsa small, fHRGed 28 hald 08n.iNes&-4681 R SYSLEABpardhRyeriad
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power. The only ot Tére pdoneersour cef t ¢heui énvakoder dits orvaguktebde ant| ear

energy, deengd;ldmraeti o ef 050Sekbel¥ gt GASHE - 5fPEERLERES to the
25 support ring 8 and are led to a series, e.g. four, of
winches (not shown) set into the floor of the launch

station.

Helium (or other 1lighter than air gas) is now

introduced into the envelope 5. For an operating altitude

30 of 65,000 ft, an initial charge of 15,000 m® of He at S.T.P.
is introduced and takes up typically 6-7% of the fully
inflated hull volume. As the gas is introduced, the nose of

the envelope rises towards the top of the station. The rise

is controlled by the tension in the cables 20 paid out from

35 the winches and by the weight of the fabric lifted off the



5 above conventional cloud |evels, solar cells will gather energy

t hroughout the daylight hours. During this period they will both prﬂapjgi- e
ship and charge a reversi ble power store fox use during the night. This
reversi ble power store could be of any suitable form such as fly wheels,

_batteries 10 or fuel cells. Presently fuel cells seema viable solution and
.are chosen for the design. The specific gropul si on neans proposed is

therefore a large array of solar cells to provide power during daylight to
drive the nbReRcRPRde aRbereyehbrhte iRElatRed FPEOARS it HEEekdiei™ el | s.
|'f 15 hydr oggnhexygerikyeh aelilghrase @bwlnm f he?peggﬂﬁ_arﬁuyespwmm N
convert watgr to its_c onent_ gasses electrolysis. The power _source
will also pﬁa?/i g8paff %g‘%epfﬂérh%ha%%c%?g?ﬁ%’ pay oaghgn AEoneral osaés'tieslr:rs. At
ni ght the psopllsinecantaoctheithbotke Hannnd p8dprovi ded by the fuel 20
cells conbining the hydrogen and oxygen. The electrical power is thus

avai l abl e 24 hours a day for poweri r]%.the nmotor unit 6, e.g.
contra-rdtating prdpeFber dagpche ROs) tdem &017TgR2EeLiEC PO AF Sfttdrac sl i ed
to co-axi al tehalles. sbpstt i ktiflg, & hebuirt skiop mi saconbeoldiad roser el yrhy 25
signal s exchanged bhetwee he airship' s syst o) 1.ANS., JJhe
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the extant tfdolRal,p3@tPasidd i NOTRYSERELa ({BOYher oY taerddialr Eitwds or
by radar neans. POSitional "and notion data is passed by telenetric neans to
the contfol FERGVEFoHERsdCR | igrP™ THee g¥aBRBeSt aPéN %’%%rﬁi‘ms t he

telemetry swgenphisa ahd v eBESe L B8sliegsi thd tC ke adallashons e don natc hyd he
same manner _as |s 35 perfornmed by a conventional aircraft’'s autostabiliser
and. aut opi Fof¢*Any corrective control inputs are passed back to the
airship in near to real tine. The corrective control is 31 JUL 2003 - 12

i npl enented in theairshi t o] sge i ' Y.
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cal cul at ed go tha}?éat .th 10 nal ogerattl.nﬂ altitude the gas will occupy
the envel op&¥9BI GRE™ & .eAﬁ;?uB&ht PBati*Gf*in the vertical sense will

therefore cause a pressure, i.e. density, change with relation to the

out side 10 at nospher.e, 9%&:’ n hange, d d) t (i re to
correct the error.%‘?hi%s Sys e%h%a?’u%%ﬁgéﬁeguses a‘l'ﬂ? u?%gﬁﬂgﬁt %u e'n?:ﬁ%nge
as the gas respehdanitihnr Keat inepf beloswre iLd vig hPRepfAd Widifersn

tol erance ogutiR@nIEsShe@athedl whiddoi0Dy AkLdAIMG kodk Ediwd Dialanachi ng
i nfl at agle airship apparatus (3) for subsequent ascent to ngsal Hl.{fde for
oper at i 6A ag'l%n g‘?%thﬂ'gh’é\‘n’ né)) a huﬁ‘e(f)oﬂﬁfneﬁrfg’blmpgﬁ ¥
inflated. The winches begin to pay out cables 20 and the
weight of the payload 15 and motor unit 6 are taken by the
central cable 26 and cables 27. The paylcad 15 (typically
in a gondola) 1lifts off the launch pad and the remainder of
25 the envelope is 1lifted to the top of the tower 10,
Eventually the vertical cable from the payload 15 to the
motor unit 6 becomes tight (Figure 6) and the full weight of
the airship is now taken by the helium in the partially
inflated envelope 5. It is assumed that the weight of the
30 cables 20 is less than the static buoyancy of the airship
(necessary to allow the airship to ascend to high altitude).
If this is not the case, it may be necessary to provide
small helium balloons (not shown) to carry the weight of the
cables 20,



5 inflated flexible gas contai nment envel ope (5), payl oad neans (15), drive
means (6) nmounted at the stern of the hull and cable suspension nmeppg||(

27), for supporting the payload neans.(15) within the hull (4), connecte

to said drive nmeans (6) and to the hull at, or adjacent to, a nose 10
portioon of the hull, the nethod conprising partially inflating said gas
cont ai nnent envelope (5 with a lighter than air gaseous nediumto cause
said nose portion to fill with said gaseBus mediumand to rise within a
vertical |aunch enwiahutne(dﬁ»plemexndrshﬁptﬂuw;uﬁﬁ|uMeIyaunbhaped gee 15
contal nent wEAYELEPELS) il RN 1o adf SHpseguentyasl eggi ng
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cl osure neaﬁso@lthearlnbestepdothehelvehupcaﬂlh@@n@h eﬁ@h@s@ee (10) is
opened when the partially 25 inflated gas contai nnent envel ope (5) is ready
for release fromits |launch position. 3. A nethod according to claim1l or

2, characterised ihtt h&t 2EABMPRSELBE PREeghBecBREAFnHBAE EndEl 6p82F5PEL o
its !aulnclh nﬁelhtllaeﬁhlcam%ﬁlbeequental it he 0 phgl QREN HiP Gdblide at( 20).
vertical |aunch enclos restraine abl e.retaini ng nean
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any one of the_ preceding clalns characteri sed

proportion,némﬁerﬁr6ﬁP5ca 1of - pP@PéFBBF?deSHFBer SQ?tanFhB°F6FF9ned

i nfl at edsvokugekaf frba gae camnzhn@raitiemvel ope (5) is initially 10 filled
with said gaseous nedium e.g. helium at standard tenperature and pressure
(STP). 7. A nethod according to any one of the preceding clains,
characterised in thst tdel @indidp moleimbg 309 4bripederi hy whala'sshepm'n

operation ang {EGHBbL Osife) HAStdOthQRL JeNE e SWEH O£ {Sdn WIERN! REe
latter is in its launch position. 8. Inflatable_airship apparatus
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(15) and the drive neans (6) a connecting portion O0f the gas contai nnment
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on Ot e (O 1 Tgm e seld o comerlind Aor L an aen Lhe ot
end upper nosinvelope starts to droop over (see Figure 9). The
progressive inflation of the envelope 5 causes the main
catenary suspension means 40 to start to pull on the gondola
15. Because the individual cables of the suspension means
30 40 are of different lengths, the payload 15 is pulled to the
lower side of the envelope 5 and this, in conjunction with
the weight of the solar panels 30 produces a turning moment
about the centre of buovancy causing the airship to start to

pitch over into an inclined attitude.

35 As the altitude continues to increase, the envelope

5 inflates further and the turning moments start to balance



9. A launch station (2) for launching inflatable airship apparatus jﬁ#Jt 0]
high altitude, the launch station (2) including a vertical enclosure fo@
a launch pad (14) 35 at the bottom of. the vertical enclosure (10) for

enabl i ng 31 JUL 2003 a5 0O-JJJJ~3~~~ - 15 airship apparatus (3) at the
‘bottom of the vertical enclosure to be partially inflated with |ighter than
air gaseous medi um so that a nose portigg of the airship apparatus is able
torise within the vertical enclosure (10?5 to a |aunch position, and
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The descent from altitude operates in the reverse
manner. The airship is flown to an area of sea well clear
of shipping/air lanes. A small amount of helium is

20 jettisoned from the envelope 5, e.g via a controlled
explosion to burst a small, fixed size balloon. The
airship’s systems are powered down except for essential
location monitoring equipment and the airship begins to sink
earthwards. When the airship splashes down into the sea, it

25 will flocat due to its surface area and the still trapped
helium within the enclosure 5. The floating airship can
then be retrieved by a support vessel for recovery of the
various parts, more especially the payload 15 and motor unit
6.

30 With the present system of vertical launching, the
payload 15 is supported inside the envelope 15 by a system
of main and supplementary suspension cables which combine to
support the payload adequately both in the vertical launch
altitude and in the final horizontal flight altitude as well

35 as providing for an automatic transition between those
altitudes during the climb.
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power source to suit the duration would be nuclear energy,
deemed impractical for self-evident reasons. Operating

5 above conventional cloud levels, solar cells will gather
energy throughout the daylight hours. During this period
they will both propel the ship and charge a reversible power
store for use during the night. This reversible power store
could be of any suitable form, such as fly wheels, batteries

10 or fuel cells. Presently fuel cells seem a viable solution
and are chosen for the design. The specific propulsion
means proposed is therefore a large array of solar cells to
provide power during daylight to drive the motor unit 6 and
regenerate the energy source of the fuel cells,. If

15 hydrogen/oxygen fuel cells are chosen, the regenerative
power will convert water to its component gasses by
electrolysis. The power source will also provide all power
demanded by the payload and control systems. At night the
propulsive and other power demand is provided by the fuel

20 cells combining the hydrogen and oxygen. The electrical
power is thus available 24 hours a day for powering the
motor unit 6, e.g. contra-rotating propellers driven by

duplex high efficiency motors applied to co-axial shafts.

At altitude, the airship is controlled entirely by
25 signals exchanged between the airship’s systems and ground
stations.

The airship will contain, as part of its payload 15,

a complete positioning sensor package. Position in all axes

is determined by means such as use of the extant "Global

30 Positioning System" (GPS) or by inertial methods or by radar
means. Positional and motion data is passed by telemetric
means to the controlling ground station. The ground station
receives and decodes the telemetry signals and analyses the
reguired control response in much the same manner as 1is

35 performed by a conventional aircraft’s autostabiliser and
autopilot. Any corrective control inputs are passed back to

the airship in near to real time. The corrective control is
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I D&G#10%&' (perturbation in the vertical sense will therefore cause a
pressure, i.e. density, change with relation to the outside

10 atmosphere, causing a buoyancy change in the correct sense

to correct the error. This system naturally causes a

diurnal altitude change as the gas responds to solar

heating, but this is within the long term tolerance of the

system.
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& () - & Ynl0%ré: () - HAIfJTKﬁE%h%d of "launching inflatable airship
apparatus (3) for subsequent ascent to high altitude for
operation as an airship having a hull (4) formed from an
5 inflated flexible gas containment envelope (5), payload
means (15), drive means (6) mounted at the stern of the hull
and cable suspension means (26, 27), for supporting the
payload means (15) within the hull (4), connected to said
drive means (6) and to the hull at, or adjacent to, a nose
10 portion of the hull, the method comprising partially
inflating said gas containment envelope (5) with a lighter
than air gaseous medium to cause said nose portion to £fill
with said gaseous medium and to rise within a vertical
launch enclosure (10) to position the partially inflated gas
15 containment envelope (5) in a launch position, and
subsequently releasing the partially inflated gas
containment envelope (5) from its launch position through an
open top of the vertical enclosure so that the envelope
ascends clear of the vertical enclosure (10) and lifts the
20 payload means (15) and drive means (6) by means of the cable

suspension means.

2. A method according to claim 1, characterised in
that a normally closed closure means (11) at the top of the
vertical launch enclosure (10) is opened when the partially

25 inflated gas containment envelope (5) is ready for release

from its launch positien.

3. A method according to c¢laim 1 9or 2,
characterised in that the rise of the gas containment
envelope (5) to its launch position and subsequently through

30 the open top of the wvertical launch enclosure (10) is

restrained by cable retaining means (20).

4. A method according to claim 1 or 2,
characterised in that the rise of the envelope (5) is

controlled by restraining cables (20) paid out from winches.
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has risen above the top of the vertical launch enclosure

5 (10).

6. A method according to any one of the preceding

claims, characterised in that only a minor proportion, e.g.
from 5 - 10%, preferably from 6 - 8%, of the fully inflated
volume of the gas containment envelope (5) is initially

10 filled with said gaseous medium, e.g. helium, at standard

temperature and pressure (STP).

7. A method according to any one of the preceding
claims, characterised in that solar cell means (30) for
powering the airship in operation are secured to the gas

15 containment envelope (5) when the latter is in its launch

position.

8. Inflatable airship apparatus (3) intended for
ascending to high altitude for operation as an airship
having an elongate hull (4), the airship apparatus

20 comprising a gas containment envelope (5) inflatable to form
said elongate hull (4), payload means (15) inside said gas
containment envelope (5), drive means (6) joined to the
envelope (5) at a region of the latter destined to form the
stern of the inflated hull (4) and cable means (26, 27)

25 connecting the payload means (15) and the drive means (6) to
a connecting portion of the gas containment envelope
destined to be at the bow end of the inflated hull, the
cable means (26, 27) being arranged to support the weight of
the payload means and drive means (6) from the said

30 connecting portion when the gas containment envelope (5) is

partially inflated and arranged with its bow end uppermost.

9. A launch station (2) for launching inflatable
airship apparatus (3) to high altitude, the launch station
(2) including a vertical enclosure (10), a launch pad (14)

35 at the bottom of the vertical enclosure (10) for enabling
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10 (11) at the top of the vertlcal enclosure (10), and in that
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the winch means 1s at the bottom of the vertical enclosure
and, in use, controls paying out of the restraining cable
means so that the ascent of the airship apparatus is
controlled from the launch pad (14) to the launch position
15 and subsequently from the launch position through the top of
the enclosure with the closure means (11) in its open

position.
io0. A launch station according to claim 9,

characterised in that an inflatable collar (13) is provided
20 about an opening at the top of the wvertical enclosure (10).

AMENDED SHEET



