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Airship This invention relates to an airship provided with solar cel

sarray nmeans and to a nethod of orientating in s flight solar arra

mount ed on an airship. Background of the Invention 10 15 20 ﬁm‘ wmm mum“
2003 -Since an airship uses only a small anmount of energy fo

i,t is inherently suitable to be powered by- sol ar energy derived faoesma*arrays
of solar cells mounted on the airship. For nmany airship applications,

i ncluding very | ong endurance unmanned roles, it can be postul ated that
solar energy is the only practical energy medi um acceptabl e under current
ecol ogi cal agreenengslasr CeddearfgysSocheatathibpsinl bn idshigperty of a
solar cell that it has nmaxi numefficiently when the incident solar
irradiation is normal, i.e. at 90, to the cell. In order to capture
sufficient Es&h@ggibL_yﬁhérlng purposes, it is necessary to nount a |arge
nunber of solar cells on the aIFShIp for exanple-nnunted as a nunber of
arrays secured to the outside,body t he airship. nce for, aerod nan1c
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sol ar radiation, except a small quantity of reflected solar radiati’¢'® 31
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solar energy derived from arrays of solar cells mounted on

10 the airship. For many airship applications, including very
long endurance unmanned roles, it can be postulated that
solar energy is the only practical energy medium acceptable
under current ecological agreements for powering such

airships.

15 It is a property of a solar cell that it has maximum
efficiently when the incident solar irradiation is normal,
i.e. at 90°, to the cell. 1In order to capture sufficient
energy for powering purposes, it is necessary to mount a

) large number of solar cells on the airship, for example

20 mounted as a number of arrays secured to the outside body of
the airship. 8Since, for aerodynamic reasons, an airship is
usually shaped in the form of body of revolution, the
different solar cells will face in different directions at
any one time and thus only some of the solar cells will

25 receive the maximum amount of incident solar radiation at
any one time. Thus with large arrays of solar cells on the
surface of an airship, many solar cells will receive less
than maximum energy. Indeed in certain conditions, any
solar cell on "the dark side" of the airship facing away

30 from the sun will receive virtually no solar radiation,

except a small quantity of reflected solar radiation.



5 This leads to a situation where, up to the present tine, airshig

desi gners have found it necessary, in order to be able to provide 1JUL 2003
.sufficient power to operate an airship, to cover the majority of the
airship hull surface with solar cells to ensure that sufficient power can
be generated 10 whi chever way the airship is directed and wherever the sun
Ls positioned relative to the airship- Bn-practice, when an airship is

posi tioned to reC@"u‘f%h%Mrer adisahi@n, ahypi &ﬁfﬂ)drﬁ@ssalt:*m;halﬁusttheb@t al
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al titudes égl z)lfbggl L?t eI°y 2{1 Sny wei ght savings can be
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on the nut si da,af,dlen Mish%‘é characterised in that the solar array neans
are arranged in use to exte around only a part of the circunference of
the hull, and in that neans are provided for turning, in use, the solar

cell array neans atipette tHerd Me@d mdhpabrbpbbeaxéslaﬁ @mm&ﬂm:@munt of
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exanpl e, to an upper, 30 uar er of the |rsh|£) n this case_the
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airship hu e pre
a gondola is supported by suspension wires. The forward
30 wing carries a solar cell array on its upper surface. By

adjusting the position of the gondola the aircraft can be
made to bank to optimise exposure of the solar cell array to
incident solar radiation. The aerodynamics of such an
aircraft are of course considerably altered by the banking

35 of such a twin-hulled aircraft.



31 JUL 2003 - 4 invention is not so linted and is intended to COVﬂi [ﬁ]ﬁ
cell array neans novable relative to the airship hull. The sol ar é)ﬁ'

. means extends along a sufficient Iength of the hull to provide the required
area of array for 5 the basic power.requirenents of the airship. Preferably
the turning nmeans for effecting turning of the solar cell array neans
includes novabl e wei ght neans, the centrgs of gravity of the solar cell
array means,g JNE- &l ghty, reans { g positioned on opposite sides of the
10 centre df%&dmy—oir}ﬁ‘e_aﬁ—‘gﬁs I'p. Thus the weight of the solar cell
.array nmeans and of the wei ght neans counteract or counterbal ance each ot her
and prevent a per nedeqg aﬂlamgotome @&bisrégxtoaﬂmﬁidrsmcp r&m@&aﬂgé ng
the "lateral qffset. of.the 'ght means sta%c Ween t he 15
contre of QRIS G TREARCPERLEnESHBIARG. B7 BF AIAE A Dot RPYH ough
t he centre wéquirogreecys ofe the provhdpnrg phepulssbhp PE thesedrebipol |
thereby also turning the solar array means fixedly mounted to the airship
hull. In order to maxi m se wei ght, saving, the weight neans 20 preferably
conprises a payl oatt i@ e s Wénhﬂfs["'r?’ﬁ %FéﬁnﬁahnﬁﬁnFéE’Br‘é‘PlR/r%‘f:l‘g%t to

count er thmmgMo:ﬂchahfg:a{g a:)he Siriea tialtd cal kfhisp lias demgaedayanemisy a

payl oad, nq éiddl taonal

, ns are [& ired f evvm of
t he sol ar anrlray neans. tl}% 1%'?1 ceTtalh 0 h%ytlﬁ d%g?jgs’f%nlsﬁc’f%e pay oad
modul e may preetemgidly el o c arstziimdetk wi tiiien emeumt | ofThaelahe nadsdtpowan be
configured é&fe@@ggl%%r@ﬁéagé,fagaggﬂ gggag pakhicul ar pointing direction
of the solar array nea he payl oad nodule 1's conveniently nounted for
novenent in an 30 arc about the centre of buoyancy. Thus novenent of the

paylioadigrodul e al oNgcdP@iAgC teAUSRS hBPeditr B Prthe PHdsaaOUintéstion,

| ongi tudinal._axis, until ﬁae centre of .gravity of, the conplete vehicle is
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~ nmodul e in afoarprdeiding 3bnthse canbukl ofi bhioy ageyerpkhylul ongstadihal yycan
be 31 JULg ZQQﬁd%ng 1@01;{‘}@&&‘1%1 Ug,Ng tahy sysiem 'ée %Qg%aﬁ'ﬁekﬂ
achieve turning o ar array neans of in-excess rees
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cable and ! "W nch™ neans p| C e and w neans co
to increase the amount of incident solar radiation collected

20 by the solar array means.

By providing means for turning the solar array means
about the longitudinal hull axis, the solar array means are
able to "track" the sun as it moves across the sky. For
example, the solar array means will be turnable through an

25 arc, about the longitudinal hull axis, between end positions
offset on opposite sides of the centre of buoyancy of the
airship.

The solar cell array means is preferably rigidly

attached to the airship hull, for example, to an upper

30 quarter of the airship hull. In this case the turning means
is operable to cause the entire hull to roll to enable the
solar array means to track the sun as it traverses across

the sky. Although it is preferred for the solar array means

to be rigidly attached to the airship hull, the present



a series of small winches pulling in/playing out cables that nake 10
suspensi on neans for suspendi ng the payl oad nodule fromthe ai rshij; th I?[].['3
. The control of operating the cable 15 and wi nch neans woul d form an
integral part of the overall flight. control system of the airshinp.
According to another aspect of the present invention there is provided a
met hod of orientating in-flight solar _agray nmeans nounted externally on a
hull of an.airshi,p tq 20 increase the anount of jncid n% sol ar _radi.ation
col | cted BYVERFION &F BT S rayeHeshe i, 1 &1 “BESBPT Rt FOnCBY *Fh& BAini ngs
An enbodi neetl lofariray meeerst morvabilld nedw thiereddscriiisediidghigmyhudfl .exanpl e
only, with particular reference to the 25 acconpanyi ng draw ngs, in which:
Figure 1 is a schematic view of a stratospheric_airship in-fli %ht; and

Figures 2a, 2b and ™ SPLa¥cIfRaY c™oPrBfs §11eRAT aflRPSnov BHETLCAERY of
Figure 1 carngah3ofr ehkeHulld t6-proehdat ehe ot efuitddareans mauiyedoan t he

out si de .of e.al r.ship. 31 JUL 2003 - es for .Carrying Qut the
| nvent i gn H;Lurbgsrf$sp%évesrcﬁeerga%lircen{ﬁnev? (ﬁaﬁ al\Qget raa:'tro%b eric airship 1 in
flight. The airship 1 has a single hull 2 forned froma gas envelope filled

with a lighter thataidrabigathd l‘,_ﬂirﬁahh)’mgghisuf%r Hof ed i A eredrefiglpae Wl
be made to heliumas the.gas filling the envel ope although,it will be

appr eci at e A heFeGhsBETEEUME UL U9ES | BAERP LR VELPRY TS S50l ar
cells is fittdlcoentrest ed geavlieyhulfl tBe #slahoyell hersnf ateared laral e 3
extends j ust .omer rter., of 10 ft. i rcunference .f the hull dis
posi ti oned%}a lg[\iﬁ:e F%ﬁ e]%edl%? lpt?é"ql%ﬁrogﬁdcp. ov\heofqoasulgcc%ea,ldfaﬁe %%s%ginevel ope
of the Mul |carntmniof genayandy ¢f | the airahhpl i uFhusy pheawlejgdntl pfabkdhet 6-8

% of; the fifal,vQldine aQ'fratyh?neQHlsl Fﬁdbg.% nglﬁé'déé Wr&é‘a:{LG'd&thééHi:E he

airship will not have the”15 "inflated" pe shown in Figure 1. After

| aunch of tIRMPHERHFFRC]a82Ch| PEBgTaanshiRE e YeRE hd| PERTGREAEa AL Ieb8sands
as the airsfifrasaendagt bwughet el BsHDSPhergyt @HangyioRer ehé Ny 1alddAdude,

' e.g. about 70,000 feet. At the operatin ,altlg_,ﬁde t.he airshi gévhas tﬂ}e shape
and form s e‘f‘f‘é?i‘&%?‘??tiﬂeﬁﬁu?é’f: § greiprgel Isdvest iti%r nal

payl oadlqar reargere | oif aggawniioy aob tbeewfightemedasc pndThe vgortdalad. ipslaatd ached

to the hull h -10. FC&}N’D%, t r gondola 5
to an atta%ﬁgrrseér?t/?%o[ nt %hgﬁ{)‘% E:Zerﬁcuﬁ]é)o. 2 C—flaq'bcl‘ve< O?qg%ée‘r?grspstfl{l?r%’t he

gondol a to HHiRIRyi1g4cansedd vhi Epltabhergbyumsl s t Fureingpsdsi i lawds
connect ed thridie dddns a0 dBE B tHPi 1 Stld angsdbp Kable 9 extends from
the gondola 5 to a pulley 17 around which cable 10 runs with its opposite

ends connected to the hull at attachnent points 18 30 and 19. W nches (not
shown) are provi deth atrddre gomiotianfaoy vedicgigh ngptimey | el Iwedfghithenezaid es 6,

7 and 90 preferably comprises a payload module of the airship which
can be laterally offset to counter the weight of the array.

) Since the airship is designed to carry a payload, no
additional weight means are required to off-set the weight

of the solar array means.

25 In certain high altitude designs, the payload module
may be completely contained within the hull. Thus the
airship can be configured in a pendulum stable manner for a
particular pointing direction of the solar array means. The
payload module is conveniently mounted for movement in an

30 arc about the centre of buoyancy. Thus movement of the
payload module along the arc causes the airship to roll
about its longitudinal axis until the centre of gravity of
the complete vehicle is once again directly below the centre
of buoyancy. By moving the payload module in an arc below

35 the centre of buoyancy, pendulum stability can ke



1n the position shown in Figure 2a, the solar cell array 3 is rmunjggULt?ﬂm
the left of a vertical plane V passing through a |ongitudinal axis 0
.the airship 1. The centre 35 of gravity 21 of the solar cell array 3 is

al so positioned to the left of the axis 20 and the weight of the array is
31 JUL 2003 . _ balanced by the gondola 5 positioned to the right of the
longitudinal axis 20. The airship is thgs.in a stable condition with the
wei ghts of _tk : 3 . I he d oupt er.act i n f the
2 ran p roronrabig MeLgTeARRIUY Rty OLE! TR A U he G0l a &
_beneat h t huariing20ft eharelahaaxesy ieand|ahdny exgesshGiin S0 degaegrawi ngs,
the gondol en®si a1TRWRd O NEl Adh B CHEt € opalh t&2 LEIYd eehON=phAt aZZalyn the
vertical plane V. Myvenent of the gEnd0|%%lﬁ byf&@pration gf t.he wﬁgﬁpes
(not 10 shBRARS0RS HEAGORUBI A8 RIS RUFEP (e \fYEhebaar d2dRaoited to
short en5cabbesst antk 7adind tto | ehfowerfaxabtbe9 adurshnip r tor ifdit atnorrhef t he
sol ar cell {RQSI L Is L N T = e (0] he
centre of 8?5&%¥§%2%95%Q?ﬁ§%a#$23n§§§§%H&fgﬁﬁgg§%ﬁ §P35§%§ﬁ§g1§%§%§f¥ﬁoned
in the ver EPGHLTEMERESY toh Rp gtk ard detibt PRAREBHG O8I FIL2&XBLTAY. The
hu: : of thaednsshop® Im%dbf@e:ﬁ_ tﬂydled_;tg:iaugrbﬂpm_exiaﬁfﬂ;yp% agudia hessol ar
cell array_i s, posi.tigned facing.u y, 1o receive solar Jdncident,

Cadi ation PRREAGLSH L TFPORCArFeBtl PRanBArThe 2T TRTE 0 SHFehd M nches
are now operated to increase the lengths of cables 6 and 9 and to reduce
the length of the cable 7, the gondola 5 is noved |eftwards (as viewed in
the Figures) away fromthe vertical plane V and the hull 2 turns or rolls

in a cléckw se di Ceaviemiermtlyur ehec BHaaa heepnp| izxlndar) gprbdg 31
theiir ot hekieRMMaalan@QSi iy caB) y5 WHea Rla®1@P eIt v nidd@IMJdeas dde hul |
2 can be made tqg roll in #Ee cougter-‘sifckw se,direction to t%re?sgo i tion
shown in Feg§PE185 PEailator VIRCRE S| Byt 11 dbM PLBY HPY Al 3 tt t he
foll owi ng dake Up lduapdisien appirei fbedstibpenthagpaiiet paylefad heddrdol a 5
is controll t ol ], . Al ipt rj e (A larr as
required. f’ﬁ%én g-';;{ecoénjtxlt'J’r]lﬁtjl?ﬁa1 I(E:%iryt'rol '9%% {:ﬁgk\?\});chgs ?E\%kl{%é:ﬁ% ré&'h%onvtaa?bo]% ed to
pul | i ASan@nsaywinnh meranspresld t fernr payistegnabepaide ofo theaswanedlsun as
it 35 passes iy ddMt DY eyt tde fsidimmps. the solar cell 31 JUL
2003 s array 3 is controlled, preferably to maxi m se or increase the
amount of incident radiation collected by the solar cell array. The control
of the w nches fomamq@Eiinpftanmiied |laspachiqf filiegdremmt dlnweyrsiiem whi ch
voul d al so Be Lol VNG, Paghnel LIS P!, £ N QL BRELERLCLEY A i g gontrol
of the airship, such as e posf?lon of “'ot her ‘controf surfaces, the
oper ati on Gfragy yseanecronhhgdsestemrpaddy e 3 ikell ThE avbe adirsRigi rigp e
hul I aizeshijhHedde thePamdese’ beednal hews £688abuUrddifebénr&d i &sk &4 PByir ned
about its 1Q longitudinal axis through relatively large angles, e.g. up to
and in exc gP R, S PEPRITPSHD is essentially in the formof a body
revol ution, the aerodynam cs of the airship are not altered by a great

of
am)u)nt or th_,J.faefsi]%ggzliqoaﬁor?xéfnéhgymbg&mqéurned about its longitudinal 15

axi s.

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

Figure 1 is a schematic view of a stratospheric
airship in-flight; and

Figures 2a, 2b and 2¢ are schematic views
illustrating how the airship of Figure 1 can be
30 rolled to re-orientate solar array means mounted on

the outside of the airship.



Al t hough the invention has been described wth reference to non-rigid
airships, it also has application to other types of airship. For;qunqh&, a
.solar cell array could be novably nmounted on a hull of arigid o

sem -rigid 20 airship for novenent relative to the hull to track the sun
traversing the sky. The invention is intended to cover both an airship in
flight and on the ground in an uninflated.-condition. The term"airship" is
t hus inten 10 r [ [ uninflated or partially

i nfl at ed e% fe,rp) cAlrz hef iy e h,e%il%ql . CLAIMS 31 ~UL 2003 1.
An airship (1) conpr|5|x~ g gas envelope mearis for providing in use a hul

(2|) wi t hI i’i generalﬁﬂgdx@;gng;@ nal |é/c1§e¥ﬁ1£ﬂﬂ<b ngrlleaﬂgbtuoa n&g.r%)ﬂo%pﬂrﬁQ‘)lcang
SOl ar ce array, neans rra I n to nmount e S| de
of the hul B siPo f(éﬁgéﬁ:d ShRd &rﬂ%‘ pJarﬁan st ot u?ﬁ’%? ce of
the hul | (2)orn@hhriam:erasgdsi nntrhabpwelfgﬁ.tletdr anigftera nkhokt€86- thpnapd r
provi deg | s d Uydiar sy e sg&eélfskkeerr:ﬁegeﬁea {3h12RQuty dde

| ongi tu aX| S (20 0 contr . I ncrease or maximse, the
anount of |"1ﬂ:|}tfelmu%oar%rt1?%1d§!%¥| Bhl%b’PSFeEbédeBVei?-ﬁBesép-éF‘-%‘@F’i i% mddreans

(3|) i 2. Anp ra'i:ﬂjr%éﬁ(‘a(t@’djltm&é:t Qthledi Q‘Eégstaﬁﬁdt Bé i 564 | R }illﬂlﬂa.lledshf fiﬁsar A
cell array nmeans ri_gi attached,to the i LS u . An
ai rship acéridth 5 (?P&aﬁgfeéﬁ Sot %ﬁ‘ﬁgﬁ’gr?%léﬁ {I ath¢ Hé“‘% A ?ﬁ I
array neanssh$in e:hearﬁdslaai oref la asufafyr €] @ntelreisgtjhlsttf oves hulduarDen of

provi de ¢ h%ﬂé’%‘if@&nf‘éf@n@é R Bhd Huinezbasiac JFLOV‘?&s{@ﬂHhé&”E'Et sy the
ai rshi p. . An_airship according to any one_of the preceding clains,

characteri s%'%Pr}*h et o f hebaeprgREREP ansVBPP R aNECPEA ! eftPEc GBFy ARIHIARE of

t he Jsol ar f et | eipd rlﬁ)ﬂ%lm@’lsor(]%) pdlcﬂlltﬂﬂ%r vake w&aﬂ?hielrmmhs u(@:,chatlmey
centres of gravity o so ell..array means nd t, neans
(5) being ]g‘és?g?Bﬁe %ogf’Fe fé“t?&s ‘é’f“?/egf% c% ‘éﬁewga

t hrough t hefihr@it wwclithal haham( 2(ndr thleoyahnyhhml svidfl t hetai hshep tlﬁe An

ai r shi pls’leCprg}_ %ﬁ%{g ofs %%rg%-fal L '%Pe' h. tha}&fé@xe Tg*xg?eral 1y=0 fset

conpri ses a pay whi ch™car
to counter mmtm@htgaﬁ tfiel bed A retuies, (tlee YheliANMENBRGIUSHERT expands

as the airship ascends through the atmosphere to its

operating altitude, e.g. about 70,000 feet. At the

operating altitude the airship has the shape and form shown

20 schematically in Figure 1.

The airship 1 has an internal payload arranged in a

gondola 5 (see Figures 2a-c). The gondola is attached to

) the hull 2 by means of cables 6-10. Cable 6 extends from

the gondola 5 to an attachment point 13 on the hull 2.

25 Cable 7 extends from the gondola to a pulley 14 around which

cable 8 runs with its opposite ends connected to the hull at

attachment points 15 and 16. Cable 9 extends from the

gondola 5 to a pulley 17 around which cable 10 runs with its

opposite ends connected to the hull at attachment points 18

30 and 19. Winches (not shown) are provided at the gondola for
changing the length of the cables 6, 7 and 9.

In the position shown in Figure 2a, the solar cell
array 3 is mounted to the left of a vertical plane V passing
through a longitudinal axis 20 of the airship 1. The centre

35 of gravity 21 of the solar cell array 3 is also positioned
to the left of the axis 20 and the weight of the array is
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gravity 21 of the array 3 and of the gondola 5 are
15 positioned in the vertical plane V on opposite sides of the
longitudinal axis 20. The hull of the airship has been
turned through approximately 45° and the solar cell array is
positioned facing upwardly to receive solar incident

radiation falling on it from directly above the airship.

20 If the winches are now operated to increase the
lengths of cables 6 and 9 and to reduce the length of the
cable 7, the gondola 5 is moved leftwards (as viewed in the

) Figures) away from the vertical plane V and the hull 2 turns
or rolls in a clockwise direction. Figure 2c¢ shows the hull

25 2 and array 3 in their other endmost position.

By suitable operation of the winches the hull 2 can
be made to roll in the counter-clockwisge direction to the
position shown in Figure 2a ready for receiving incident

solar radiation at dawn the following day.

30 It will be appreciated that the position of the
gondola 5 is controlled to roll the airship to orientate the
solar cell array 3 as required. Thus by continual control
of the winches, which are controlled to pull in and pay out
the cables, the array 3 can be made to track the sun as it

35 passes over the sky. Thus the position of the solar cell
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array. The control of the winches forms part of an overall
airship flight control system which would also be receiving
5 other control information relevant to the control of the
airship, such as the position of other control surfaces, the

operation of thrust vectoring systems and the like.

The use of a single hull airship of the type

described allows the hull to be rotated or turned about its

10 longitudinal axis through relatively large angles, e.g. up

to and in excess of 90°. Since an airship is essentially in

J the form of a body of revolution, the aerodynamics of the
airship are not altered by a great amount or to a

significant extent by being turned about its longitudinal
15 axis.

Although the invention has been described with
reference to non-rigid airships, it also has application to
other types of airship. For example, a solar cell array
could be movably mounted on a hull of a rigid or semi-rigid

20 airship for movement relative to the hull to track the sun
traversing the sky.

) The invention is intended to cover both an airship in
flight and on the ground in an uninflated conditionmn. The
term "airship" is thus intended to embrace an airship with

25 an uninflated or partially inflated envelope.
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(2) so as to extend around only a part of the circumference
of the hull (2), characterised in that weight transfer means
(6-10) are provided for turning, in use, the solar cell
array means (3) about the longitudinal hull axis (20) to
control, e.g. increase or maximise, the amount of incident

solar radiation collected by the solar cell array means (3).

2. An airship according to claim 1, characterised in
that the solar cell array means (3) is rigidly attached to
the airship hull (2).

3. An airship according to claim 1 oxr 2,
characterised in that the sclar cell array means (3) extends
along a sufficient length of the hull (2) to provide the

required area of array for the basic power regquirements of
the airship,

4. 2An airship according to any one of the preceding
claims, characterised in that the weight transfer means for
effecting turning of the solar cell array means (3) includes
movable weight means (5), the centres of gravity of the
solar cell array means (3) and the weight means (5) being
positioned on opposite sides of a vertical plane passing
through the longitudinal axis (20) or buoyancy axis of the
airship.

5. 2n airship according to claim 4, characterised in
that the weight means (5) comprises a payload module of the

airship which can be laterally offset to counter the weight
of the array means (3).
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8. An airship according to claim 7, characterised in
that the cable and winch means comprises a series of winches
pulling in/playing out cables (6, 7, 9) that make up

10 suspension means for suspending weight means (5) from the
airship hull (2).

9. A method of collecting solar radiation incident

on solar cell array means (3) mounted externally on a hull

(2) of an airship, characterised in that the method involves

15 turning the solar array means (3) about a longitudinal axis
of the hull (2) using weight transfer means to control the
amount of incident solar radiation collected by the solar

cell array means (3).
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