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st ati on/ passenger and cargo 23 conpartnents under the gas b“éld, al t hough

many designs in r . hem, 4 .to.the rigid frame of the vehicle. 25
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29 pri¥arily to their large cross-sectional area which nakes them sensitive
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13 There are basically two types of Lighter-than-air vehicles; rigid or
14 non-rigid. There are three general types of non-rigid vehicles: those
15 comprising a single gas filled bag; several gas bags joined together in
16 series; and, of course, those having a multiple number gas bags within a
17  non-rigid envelope. Rigid airships have an intemal structure defining the
18 shape of the vehicle and contain a plurality of gas bags therein and with an
19 outer aerodynamic cover there over. In non-rigid designs the cargo flight
20 station and cargo compartments are suspended from the bottom of the
21  vehicle in what is most often referred to as a gondola. In rigid designs it is
22 also common practice to mount the flight station/passenger and cargo
23 compartments under the gas bag, although many designs integrate them in
24  tothe rigid frame of the vehicle. |

25

26 One of the problems with both rigid and non-rigid lighter-than-air
27 vehicles is their limited ability to station keep and/or maneuver when
28 docking, especially if there are any significant cross-winds. This is due
29  primarily to their large cross-sectional area which makes them sensitive to
30 cross-winds. They are particularly difficult to control if the wind is gusting or
31  when there are significant up or down drafts. In fact, docking has proven to
32 be the most difficult portion of a flight for a lighter-than-air vehicle. Thus the
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|Ight&l3 th e wherein the suspension systemis rotated so
that ijg is aligned W|th 26 the relative W|nd After the vehicle is secured

t he suspension systemis 27 rotated s t hat the vehi.cl gned with
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these concgpts; aidaust ASeVigd! b Lldhding Or Berthing Airships” by H. V.
17  Schieinitz wherein a rotating platform for docking lighter-than-air vehicles is
18 disclosed. In addition, U.S. Patent No. 1,867,591 "Dirigible Air Dock" by A.
19 S. Pranke discloses a rail mounted rotating platform. U.S. Patent No.
20 1,748,500 "Mooring Of Airships by" H. V. Thaden discloses the use of
21 circular tracks having devices for supporting the vehicle such that the
22 vehicle can align with the prevéiling wind. U.S. Patent No. 1,853,777
23 "Method Of And Apparatus For Berthing Airships" by W. V. N. Powelson, et
24 al. discloses a rotatable suspension system for docking a lighter-than-air
25  vehicle wherein the suspension system is rotated so that it is aligned with
26 the relative wind. After the vehicle is secured the suspension system is
27  rotated such that the vehicle is aligned with a below ground level pit that is
28 used to shelter the vehicle. While all these concepts allow the vehicle to
29 dock and to weather vane after docking; none of the above concepts
30 addresses the problem of making initial contact with the mooring tower.

31
32 In the past, when such lighter-than-air vehicles approached the

33 mooring tower, a mooring line in the nose was extended to the ground and



' 29 dock and to weather. vane after docking; none of the above concepts 30
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18 is couple he arm and rot at es about e-vertical axis W the arm
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t hrough t he armtha cnbec to the nose of the airship. The
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end of the armi1s not di sc n' additron, e use tating

vertital textardible ant atduritedain th%to@ﬁﬁmmdhhocanwmﬁt@ti%t@omahécl e sone
260 feet in dianmeter would 25 require a massive and expensive structure.

Fur t hk? noMVeMiGa X of dhetewer as well as in a vertical plane. A vertical track
17  extends from the top thereof and extends down the side thereof. This track

18 is coupled to the arm and rotates about the vertical axis with the arm. A
19  winch is mounted to the tower that includes a line that extends through the
20 amm that can be coupled to the nose of the airship. The vehicle is first
21 winched to the end of the amm and then lowered down along the track.
22  However, how the vehicle is initially secured to the end of the arm is not
23 disclosed. In addition, the use of a rotating vertical track on a tall tower
24 designed to accommodate a vehicle some 260 feet in diameter would
25  require a massive and expensive structure. Furthemore, no provisions are
26  provided for coupling of the nose of the vehicle to the top in a wind.

27 - |

28 Thus it is a primary object of the subject invention to provide a
29 mooring tower for a lighter-than-air vehicle.

30

31 It is another primary object of the subject invention to provide a
32 mooring tower that can accommodate extremely large lighter-than-air

33 vehicles.



26 provided for coupling of the nose of the vehicle to the top in a wind.
27 28 Thus it is a primary object of the subject invention to Erowd a,
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primary object of the subject invention to provide a 32 nooring tower that
can acgommodate extrenmely large lighter-than-air 33 vehicles. WO 96/11137 -
PCT/US95/06476 4 1 2 It is a further object of the subject invention to
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for a lj ghigry 1@{Hefbghhg}ég,f.t hat |ncI udes neans to guide the nose of 8
t he vehlcleto eto ereof and to thereafter lower the vehicle to the

9 groursd. 10 11 SUI\/I\/ARY OF THE I NVENTION 12 13 The invention is a nooing

tower for a lighter ve n_ 14 det ai t he invention includes
a vertifal towe shg\ﬁttH&J@qreqbé%cgggt%sygscglﬁaentl%to,%rexl[dgoampqngg of the
tower izs ato%?é?'f&ﬂ&h@ﬁ@%hé}gaﬁ%h% fﬂﬁﬁndllﬁ@éélﬁ'\%‘éngtob@dé thetngsengror t menber
which is nounted on“the top of the tower and is 17 rotatable in a

hori zomt al thel eehiclabloutheatopethéreaf andito. thareaftarnlgwengpervehice taetieer i s
mounted by a first end to the first support nenber and includes 19 a

tel escSpi ngO488ond end that terminates in a cup shaped nember 20 adapt ed
to matgy with the nose of the vehicle having the retrieval line exiting 21
the center thereof. The second support nenber is rotatable in a vertical

22 pl ane aSUMMARY OiFrEItIEdNME&h'EIQF‘ﬁCI udes an aperture extending

t her etlhr ough ‘

13 The invention is a mooing tower for a lighter-than-Air vehicle. In
14 detail, the invention includes a vertical tower having a telescoping top end.

15 Mounted on top of the tower is a vehicle securing system that includes a
16 first support member which is mounted on the top of the tower and is
17 rotatable in a horizontal plane about a vertical axis. A second support
18 member is mounted by a first end to the first support member and includes
19 a telescoping second end that terminates in a cup shaped member
20 adapted to mate with the nose of the vehicle having the retrieval line exiting
21 the center thereof. The second éupport member is rotatable in a vertical
22 plane about its first end and includes an aperture extending therethrough
23 from the first end to the second. Preferably the free end of the first support
24 member is in the form of a clevis and the first end of the second support
25 member is in the form of a lug mounted therein. A winch is mounted to the
26  securing system, preferably to the first or second support members and is
27 rotatable therewith. The winch incorporates a mooring line that extends
28  through the aperture in the second member from the first end to and out the
29 second end thereof for attachment to the nose of the vehicle.

30 Separate positioning systems are provided for rotating the first
31 support structure about the vertical axis, for rotating the second support
32 member in the vertical plane, for extending and retracting the telescoping

33 first end of the second support member, and for reeling in the retrieval line.



' 23 fromthe first end to the second. Preferably the free end of the first
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W th e, HPRRUTS coGyRioh cemtiebing; e BetFspE T 1% nEBRIEL Bt B o Toa
preset, j e"ﬁéeq B‘ﬁnﬁt%%%éeéﬁt% Rite @6 a pleskhRVEECTRE tBlRBEHINgNEHEEr can al so
be hyc}raullca y actuated in a simlar 16 manner. O course, there are
numer qus  ofHeesedonaesupporamemsbéraancalso det hydraulicallyactuatedivaesimilant can be
used. 18 19 In o%eration, as the vehicle ﬁglp{oach?s %h? t ower true W nch
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18 .
19 in operation, as the vehicle approaches the tower, the winch is

20 unwound dropping the end of the mooring line to the platform, while the
21  vehicle drops a pickup line. The two lines are manually joined and the
22  vehicle retracts its line pulling the mooring line up to the nose where it is
23 automatically coupled thereto. Thereafter, the ship maneuvers using its
24  propulsion systems and adjusting the ballast, while the vehicle securing
25 systemis usedto

26  bring fhe vehicle to the tower. This is accomplished by individually or in
27 combination: retracting the mooring line; rotation of the first and second
28 support members and retraction of the telescoping end of the second
29  support member. The forces applied to the vehicle are always limited to a
30 level that prevents damage to the vehicle and it becomes a “tug of war” as
31 gusts or propulsion forces are accommodated. Simultaneously, or after
32 the nose of the vehicle is secured to the tower, the mooring lines along the

33 length of the vehicle are used to secure it the platform. Thereafter, the



20 unwound dropping the end of the nmooring line to the platform while the

21 vehicle drops a pickup line. The two lines are manually joined and the. .
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it is 23 automatically coupled theréto. Thereafter, the ship maneuvers
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of the invention. 12 13 BRI EE DESCRI PTI OF THE DRAWNGS 14 15 Figure 1
i s alger sSBRIEFRESCRIPTION QF JHE-PRAWINGS; vehicle 16 approaching the

subj elc4t nooring tower assenbly for docking thereto.

15 Figure 1 is a perspective view of a lighter-than-air vehicle
16 approaching the subject mooring tower assembly for docking thereto.

17

18 Figure 2 is an enlarged partial side view of the top of the mooring
19 tower illustrating the vehicle securing system mounted thereon.

20

21 Figure 3 is an enlarged top view of the vehicle securing system
22 illustrated in Figure 2.

23
24 Figure 4 is a cross-sectional view of the vehicle securing system

25 shown in Figure 2 illustrating an actuation system for the telescoping end
" 26 thereof.

27 -

28 Figure 5 is a partial cross-sectional view of Figure 4 illustrating the

29  actuation system for the telescoping second end thereof.

30
31 Figure 6 is a partial cross-section view of Figure 3 taken along the

32 line 6-6 illustrating the end of the telescoping end of securing system.

33
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*'17 18 Figure 2 is an enlarged partial side view of the top of the nooring
.19. tower illustrating the vehicle securing systemnounted thereon. 20 21
- Figure 3wegmiignl arged top view of the vehicle securing syaT&RISAMT6
“illustrated in Figure 2. 23 24 Figur®e 4 is a cross-sectional view of the
vehicle securing system 25 shown in Figure 2 illustrating an actuation
systenifor the Riglres@ofsi Agparial sk tvirw eaff a geconzig eribpdimest iof theparti al
cross-sectional vi ew of Figure 4 illustrating the 29 actuation systemfor
the tePes§SHARISKIEAY end thereof. 30 31 Figure 6 is a partial
cross-gection view of Figure 3 taken along the 3 2 line 6-6 illustrating
the end of the tel escoping end of securing system 33 WO 96/11137
PCT/ US@5/ 06476 Figurke Bi guadoﬁ wewaofpa'ret rthers|Ildetraieeimelgyreetmmdhenbodi nment
of the 23ecur|n ste top vi ew of the tower
i |l ustPat ﬁo?%wg'ﬂpér'ﬁgm??w 0@% E’lﬁ% YWooring the nose of the
vehiclg thereto. 6 7 Figure 9 is a side view of the tower illustrated in
Figure 1 in the 8 process of nooring the nose of the vehicle thereto. 9
10 Figure 10 i Figurs Beisva eside)fvietvh@fttbaéowierlilhsltnamcbd\ iFigweglrie thein a 11

h h hi
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10 Figure 10 is a side view of the tower illustrated in Figure 1 in a

11 retracted position with the vehicle secured thereto

12

13 DESCRIPTION OF THE PREFERRED EMBODIMENT

14

15 lllustrated in Figure 1 is a lighter-than-air vehicle, generally indicated

16 by numeral 10 having a longitudinal axis 11A, lateral axis 11B and vertical
17 axis 11C. It is shown approaching a docking platform 12 heading into the
18  wind, who's direction is indicated by numeral 13. The vehicle 10 includes a
19 gas bag 14 having a gondola 16 suspended therebelow having a plurality
20 of powerplants 18 mounted thereon. Mooring lines 20 are shown extended
21 from the gas bag for securing the vehicle to the platform. The platform 12,
22 s rotatable about one end 22 (vertical axis of rotation) having a mooring
23 tower 24 co-incident therewith and is also shown in a position under the
24  vehicle 10 aligned with the wind direction 13. The platform 12 further
25 includes a plurality of wheels (not shown) in engagement with circular rails
26 26 having their center co-incident with the axis of rotation 22 thereof. A
27 powerplant (not shown) is mounted on the platform and is coupled to one
28 or more of the wheels for driving the platform about the axis of rotation 22.
29 The mooring tower 24 includes a stationary lower portion 28 and a
30 telescoping upper portion 30 with a vehicle securing system 32 mounted on
31 the top 34 thereof. Referring to Figure 10, the vehicle.10 when docked, in
32 a manner to be subsequently discussed, is coupled by its nose 36 to the
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42 nount edsuppottheenttier340.0fA cﬁrtd‘r‘né4trewaouﬁtédamiweeprmetmdtdm)smaad| ngs 44. ‘

Thus the first support nmenber @\?r s rotatabl e about the verbr cal axis of
the tdder Riniopageadr 82 fppihat; Uﬁ't'QS a@OHHteogr teraus: aprlied torthe §plosi te end

of the,me nates in a clevis 9 46. A rang gear 48 is nounted
about ‘ftgher%%totogt%n%ﬁb%.e menber 40. A lo nmotor 50 (either hydraulic or

el ectgsc) is nounted on the top 34 of the tower 11 for driving a pinion

geal ?% that i SA ?Qrgggfﬁném stegor?d rsIuSporgrJ %iemggr (5)2 rragcrl]lgadefsI a frrst end in the
17 form of a lug 56 having pins 58A and 58B protruding out each side thereof
18 that engage bearings 60A and 60B mounted in the clevis 46. Thus the
19 second support member is rotatable in a vertical plane about a pivot axis
20 62. The second end 64 of the second support member 54 includes two
21 telescoping members 66 and 68 that are extended and retracted by rack
22 and pinion gear assemblies 70 and 72, respectively that will be
23 subsequently discussed. The end 74 of the member 68 incorporates an
24 adjustable cup shaped member 76 that is adapted to mate with the nose 36
25 in a manner to be subsequently discussed. The second support member
26 54 includes an aperture 80 that extends completely therethrough from the
27 lug 56 to the cup shaped member 76. A hydraulic cylinder 81 mounted
28 between the first support member 40 and second support member 54 is
29 used to rotate the second member 54 about the pivot axis 62.
30
31 A winch assembly 82 is mounted to the first support member 40 by
32 supports 84 and thus is rotatable therewith. The winch assembly 82

33 includes a drum 86 having a cable 88 wound therearound and which
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* 12 support menber 40. A clutch 54 is nounted between the notor 50 and 13
.pinion gear 52 for that limting the anount of torque applied to the first
14 suppor‘Yo?r‘gh‘dé‘f. 15 16 A tel escoping second support nmenB&TE2504428 udes a
first end in the 17 formof a lug 562having pins 58A and 58B protruding

out each side thereof 8 that en e hear.ipngs 60A and 60B npunted in the
cl evi 5146.e’¢ﬁﬂés SE@UQPQE@E‘E@BHHU% bANA 2y icé‘prg?%ﬁeéjolnée'ﬂﬁehs ertical

pl ane abo ot [ he h t; support
rrenber§54q§arq@|nt%g}é§ I?\;\ad(obggf%tggﬁi%cggpi Egsqngﬂgeﬁaggggﬁxgzégeqr%ﬁoﬁjg ext ended
and r eGr achysitatlic omelectrizallppdwesired omotge 82 via sectbicheds THat aodtro, the

respectively that wll be 23 subsequeptly discussed. The end 74 of the
menber 468 4’H€Brr“p%frf9f‘@sa%wed§tﬁ’ tgﬁjcﬁgﬁ%gge tepalplypadvinehisssemdit 8ac i s
adapted t ' [ S I

di sgusg’ed?c#ﬁéggﬁ%%ﬂr&dh?ﬁg%? tﬁgrlr%%rgs dz?éﬁe54 I nc E‘g&s&gﬁaper%g%% t hat

ext ends canphaes ef supperte8dirasiijustratechin Fegur@ 2. | Thjs fsures tHat theipabkleaped

menber 76. A hydraulic cylinder 81 nounted 8 between the first support
mermber 740 %é'@@dﬁﬂ"%ﬁ%ﬁhg’t‘e etF‘e&ﬁqu%"efé %%g'lf MemRAra4 retatessecond

nmenber 54 é’d?ﬂl‘l'tth% %&i%@fg)’(i@d&%rég e frdtioh %B;%ﬁ%ﬁ%hyca%@e ijgmounted to

the first support nenber supports hus 1s rotatable

t her ewst h.apEmured nch assenbly 82 33 includes a drum 86 having a cable 88
wound t herearound and which WO 96/ 11137 PCT/ US95/ 06476 9 1 extends through
the ap8rture 80 and out the cup shaped nenber 76 2 terminating in a ball

couplitng 90. T e ' | - dlg
el ect Hﬂcal |y pgﬁm%frgél tfﬁ@@%%?ﬁ‘%‘*@?ﬁ?@ﬁ?gi@?{’ﬂg? ?oﬁt%%d%s dtlf?1\e°%r4 anount
of forge amd ferddriving lzepinidrt ge@8.108| vier aatleich, 104,vthat engagesria sacR2' 5 can
be directly mounted to the Iqqgg 56 of the second support nenber 54, by 6
meansléf JRFT0IPE o thempmbel 68, <fhe Peargassembly AP OReralese® @Rat t he

e T e R L S A

cabl e1and assemblies are just one of many ways that the telescoping members 66
16 and 68 can be operated. For example, hydraulic systems could be used as
17 disclosed in U.S. Patent No. 4,177,964 “Docking System For Space
18  Structures” by E. J. Hujsak, et al. As will be subsequently discussed, what
19 is important is that any system used includes means for limiting the amount
20 of resistancé to movement of the telescoping members 66 and 68.
21
22 In Figure 7, the cup shaped member 76 is illustrated coupled to the
23 nose 36 of the vehicle 10 as would be the case when the vehicle 10 is
24 docked as illustrated in Figure 10. In detail, the member 76 includes a
25 spherical shaped bearing 110 that is rotatably mounted to the end 74 of the
26 telescoping member 68 and is retained thereto by bearing cap 112. An
27 aperture 113 extends through the member 76 and is aligned with an
28 aperture 116 in the nose 36 of the gas bag 14. Four hydraulic dampers
29 119 are mounted between lugs 120 and the member 76 ninety degrees
30 apart for maintaining alignment thereof. with the member 68 (only two are
31 shown) The ball coupling 90 attached to the end of the cable 88 is in
32 releasable engagement with a latch assembly 126 mounted within the nose
33 36. The latch assembly 126 includes a pair members 128A and 128B that



9 aperture. 10 11 Referring to Figures 5 and 6, the gear assenbly 72
includes a motor 12 100 for driving a pinion gear 102, via a clutch 104, . . .
t hat eng®@$/1a1¥ack 13 gear 106 on the menmber 68. The gedCHE¥FRWMBIY 70
operates in an 14 identical fashiomOlt should be understood that the

above described gear 15 assenblie just,..o of many ways that the :
t el esclopi A fﬁ%ﬁ@gfysmént%bhmf'%%mi%a&% a&ﬂe}%éilf’. S‘?Qﬂoréﬁtéﬁ‘%l"@ Mhydraul i c
syste C ' Hﬁ% ' P SR i T 64
" Dockifng %&s’?%%ﬁ’grﬁg ggjc%eed]téggﬂgﬁtctur . lﬁgﬁ‘é‘."% FAj ';h,taéﬁ,rérg% B0 s il
be subsequgatd spréricalisttagbd sduket 132 forsreceping thetcoupling 80. dydraylit em used
i ncludes nmeans for limting the anmount 20 of resjstance to novenment of the
t el esclopi nﬂmﬁ@ﬁ%é%A@%}@‘?%g?a'Q@m ajixed rpﬁg@p@gﬁ{orqq.,gn &R CURING renber 76
S iIIustbﬁted coupled to the 23 nose 36 of the vehicle 10 as would be the

case when“the vehicle 10 is 24 docked as illustrated in Fi gure 10. In
detailg the menber 76 includes a 25 spherical shaped bearing 110 that is

rotatably nmounted to the end 74_of the, 26 telescoping nenber 68 and is
retairied t her eSYll bgfeping todigres,” end adgiionajly éﬂ)gwgé gﬁ%ﬁ'@ﬂ@% t hr ough
gas by 117 eaPRasRp T Aoeic by SRR a0 IS S atE R ge 120 and
t he nmenbepxtdhdibie dion deginss (n@Ostegyem)t nountethwithiri thegoaei 3fnelite t her eof .
o 11 enisian acRemeloNabaRchgSp r LSy ogpIiice I JRGERe R (A | at ch
her Ty TR B T et AR RIS,
are rof at phlingneiotet 130 foy redeivingahd prat?dsions d 46 2gBspreadingdbetfingersuct ure in
2 the nose. V\ﬁen cl.osed together they forma conical shaped inlet ranmp 130
3 andh SpikéraRat. JReRIILGES arEaaanl PR PR e B0l SAgNSh.
Hdrayl | e cnduhg RS oh e Y 142 e eabBsdd, KB LAUBThg Ionp for ce on

15 release from the latching assembly 140.

16

17 Referring to Figures 1-8 and additionally to Figures 9-10, as the

18 vehicle 10 approaches the tower 24 and is over the platform 12, the line

19 142 is lowered from the nose 36 of the vehicle while the cable 88 is

20 lowered from the securing system 32. Ground crew personnel (not shown)

21  on the platform join the latch assembly 140 on the spherical coupling to the

22 fitting 148 on the end of the line 142. The cable 88 and line 14238 are

23  thereafter retracted until the cable 88 is taught between the securing

24  system 32 and nose 36 of the vehicle. Thereatfter, the line 142 is retracted

25  and the cable 88 is played out until the cable is pulled into the nose 36, and

26  coupling 90 slides through the conical inlet 130 and is secured in the socket

27  132. Thereafter, the hydraulic pressure within the cylinders 134A and B is

28 adjusted to releasably lock the coupling 90 within the socket 132. The

29  vehicle 10 is then maneuvered lightly back from the tower 24 by means of

30 the propulsion systems 18 and adjustment of the ballast of the vehicle,

31 while the securing system 32 is extended. Note that the vehicle 10 is

32  always directed into the wind and the platform 12 is also so aligned which

33  greatly reduces the difficulty of docking. The cable 88 is slowly reeled in,
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6 7 Still referring to Figure 7 and additionally to Figure 8, the coupling
.90 8 is also releasably connected by a |l atch assenbly 140 to a |line 142

that is WDextlasdi bl e froma winch (not shown) nounted wit RCAUSHEOGIDGe 36.

" The 10 latch assenbly 140 includes aiplurality of spring |ike fingers 144

having 11 inward directed protrusions 146. The line 142 termnates in a
fitting léeparafelhavisipubanecushswithaherretractiomgf thee telesnaning sasondie by

oPr 2010, Ao TS b R bs TP RLRSUET Ra oty 20

excessj ve; o id towk? 24t R8RS doURsB, tdkberd RO RitREL aRsenbl y 140.
16 1 Re?g%:@r%apgoﬁpgaurggcsml-%oand additionally to Figures 9-10, as the

18 vehi cl eedéhdappppert mesmbie rotaterthe firstnsupporb membere4(laadf wehthe, the |ine
19 142 is lowered fromthe se . 36 gf the vehicle ile the.cahle 88 is 20
Fower &1 1 PRRPAREINIA A sy EEE U8 wato orttiar il e frtd SR S own) ° 21
on t he pl QM| 4 I | ) SHHER! ihedto wling to
Che |t PR e P B . e e 14238
are 28 trstratéd as thetmeorirggllines, inow securad|by 8BChes targgetraptedand t he

securing 24 system 3 d nose, 36 of .the vehicle. Thereafter, the line 142
is retd acfr@zlve'é@eéﬁHuﬁﬂgHE‘é{BIa@dﬁq“ée?)i%%ﬁﬁh?mmti | the cable is pulled
into td’le nose 36, and 26 coupling 90 slides through the conical inlet 130

and is secured in the socket 27 132. Thereafter, the hydraulic pressure
wi t hizo t he cyl iNudetsat EBdaldagukt8 arise, Gusiny thet eahicle to shiflapesition, thek t he

T ahtdd babIc Prdn Hie v sseBpEareulh 380 He BR e SedRRrem 18
321 s R R el St BB SO it Pon el Moo e nts the
wi nd End 7Reofpthettelmscopingi meaibers €6 and GlBecambe ddjuseddo eslipl shawddiuces t he
L AL b S5 o] e O 6 e L
the tgl esgaDK)GratRE Yissure within the hydraulic cylinder 81 used to adjust the

16 position of the second support member 54 can be limited to also prevent

17  excessive force from being applied to the vehicle. As a last resor, if the

18 forces still are to great, the force on the coupling 90 will be sufficient to

19 overcome the latching force applied by the hydraulic cylinders 134A and

20 134B. and the cable 88 will pull free of the vehicle. Simultaneously, the

21 latch assembly 140 will separate from the fitting 148 of the line 142.

22

23 While the invention has been described with reference to a

24  particular embodiment, it should be understood that the embodiment is

25 merely illustrative as there are numerous variations and modifications

26  which may be made by those skilled in the art. Thus, the invention is to be

27 construed as being limited only by the spirit and scope of the appended

28 claims.

29

30 INDUSTRIAL APPLICABILITY

31

32 The invention has applicability to the aircraft industry, and, in

33  particular, to airport construction industry.
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2 support nmenber 54 as the vehicle is maneuvered closer to the tower 24. 3
The operator of the securing tower 24 can, of course, exte tract the .
4 second%‘ﬂﬁ‘fﬁb‘rli’7 menber, rotate the first support nenber 4895%95@63?”% 5
cable 88 in or out at will. The "tuglef war" continues until the nose 36 af
the 6 vehicle is attached to a retracted secuﬁ—%ﬁw?i%r, t he -
tower is 7 retracted as the nooring |lines, now secured by wi nches, are
retracted g8 the vehicle is pulled down and secured to the platform 9

10 Note tha shpmul d gusts arise, causing the vehicle to shift position, the
11 clutch 94 on the winch assenbly 82, clutch 54 on the notor 50 used to

12 rotate the first support rl:?er 50, the clutch.on gear assenblies 70 and
13 72 bf the &m%mdpwofm?g@ e%%‘@h‘é?%‘%&&ﬁ"%‘é'”&dj usted to slip should

14 Torges beconp,d@eadoRt habing PVdriedl dialBafalfaghe venicle. Additionally,

15 the hydraulic pressure wthin the hydraulic cyl'inder 81 used to adjust
the 16 positi anfist suppodanemibes nppoted manthertopdofcsaid bewed, siaickfirst o al so

prevent 17 excessive force, from.being applied tq the vehicle. As a |ast
resortd if tHPPPE stgictye rofatabledn a ch‘zﬁﬁéépﬁ‘qet‘?g’%?cvee'@?ﬁtaﬁ@' coupl i ng 90
Wil | suf ficigg ingh Gind i t he

hydr a?i c cyli n%g%é%ﬁ%%%g@&%?@%?ﬂ%qu{ﬂﬂﬁdg{@fd&ﬁéﬁ@&é Is‘laijjpm’é‘lt free of

the vehi cl e. Sippolrtt eeethes|and aHeles2opingt sgcoadsant;|said $ecomnd Isupppdr ate from
the fitting 148 of the line 142, 22 3 Wijle the invention has heen
described wi trﬁeF"g’Pér'@F%%b'?d"aa VEE'%;&?%PQ?“%@%E‘&‘ . 5314 SERBF Y pe
under sf ood t i | id rétRkd fRSmt &ipge are

§ %&%@Wmﬁ%ﬁg hﬁ,ap%ﬁu?@é%ﬁiﬁ]ﬁidc rg ﬂn'%yé Ridugh fsm

nuner ous variations a cations e made by those ‘
skilled in tHastend toTsaid secbmd;i nvention is to be 27 construed as being

linited only by the spirit f.th ded 28 claims. 29 30
| NDUSTRI AL APPia cRBrR | mounsl S0 S8 YaEH TRk BavagpA: XTI 7% the

?'n&ﬁg ‘;; | NdugkENdinghrough satd apehtlitetinl SHid sbCorfd FiMhberCREIRldaid fitsen

12 end to and out said second end thereof;
13 such that a vehicle having said mooring line attached to the nose
14 thereof can be winched to said tower.

1 2 The mooring tower as set forth in Claim 1 comprising means to

2 rotate said first support structure in said horizontal plane.

1 3. The mooring tower as set forth in Claim 2 comprising second means

2 to rotate said second support member in said vertical plane.

1 4 The mooring tower as set forth in Claim 3 comprising third means to
2 limit the force applied by said first means to said first support member.
1 5. The mooring tower as set forth in Claim 4 comprising fourth means

2 to limit the force applied by said second means to said second support

3 member.

THIS SHEET HAS BEeg;.
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' WD 96/11137 PCT/ US95/ 06476 12 CLAIMS 1 1. A nooring tower for a

l.i.ghter-than-vehicle conprising: 2 a vertical tower havi ng’ a vertical :!nd
lateral XQ86/1133% fjrst support menber nounted on the top SFTERIYHHRner

" said first 4 support structure rotatdable in a horizontat—ptane—abaut a

vertical axis; 5.a second support nmenber having a first end nounted to said
first 6 support nenber and a tel escopi ng second end, said second support

7 menber rotatable in a vertical plane about its first end, said second 8
support nenber having an aperture extending therethrough fromsaid 9 first
end t@ sagd seTREGNodANG towver hsresirford ihcClaarhdi ver 2j orl3, taswkromayi ng a-
mooring line 11 extending through said aperture in sajid second menber from
sai d Bi r scompgsingdaidtayrl MAYINGateleseqring tamportinseish thatsaid iep phat a

vehicl e hav.igzg\ga?%\?@?’?éﬂgggdéﬁga%%% i t he nose 14 thereof can be

w nchéd t3® € nooring tower as set forth in daiml
conprising neans to 2 rotate said first support structure in said

hori zontal plane. 1 3. The m)origé tower as . set forth in Claim2 conprising
secondl nedns Zhednpeting dowar @sseldRRhsifphRim G&PmeRNSing $aidiWirgh i cal

means?t o Mounieh B R by OEBLn Riedfor R otalebir BB O 5 0% Tt

support nenber. 1 5. The nooring tower as set forth in Caim4 conprising
fourth means 2 to limt the force applied by said second neans to said
second suPpor tThez maartingr towepagesetl pcilaigys] dedvdingsfifth leeanshe noori ng

tower _as set forth .in . I Or Qr. 3, or 4, or 5 2 conprising said
tovver2hav?%@olggg%%'g&'ﬁl?ﬁgéﬂ%’Bl"g%'rrff%ﬁ hgg‘ch that said top of 3 said tower
i s novabl e upwards and downwar ds.

1 9. The mooring tower as set forth in Claim 8 including sixth means

2 coupled to said winch for limiting the amount of force applied to said line.

10.  The mooring tower as set forth in Claim 5 comprising:
said first support member having a second end in the form of a
clevis having a pin mounted therein; and

said second end of said second member in the form of a lug

;s W NN

rotatably mounted to said pin.

11.  The mooring tower as set forth in Claim 1, or 2, or 3, or 4, or 5,
wherein said first means comprises:
a ring gear mounted on said first support member:

a motor mounted on said tower; said motor having a pinion gear in

(O I~ VU O

engagement with said ring gear

1 12 The mooring tower as set forth in Claim 1, or 2, or 3, or 4, or 5
2 wherein said third means comprises a clutch mounted between said pinion

3 gear and said motor.

\THIS SHEET HAS BEEN\
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1 7. gThe nooring tower as set forth in Claim6 conprising said vvinch 2

mounted to said first support member and rotatable therewith. 1 o
noori ng tYWAE¢1HS7 set forth in Aaim7 including fifth neané’CTQJSé’ﬁWI"%d to
said winch for reeling in said line.14 9. The nooring tower as set forth in

Caim8 including sixth means 2 coupled to said winch for limting the
amount. of 18or cdh&pioPEngtteWes as th@nhl'nl@'a"’l"hé Rb&r |°fﬁg3,t‘€fvxér Oééset forth

in Caimb5. conpri r HaRor. d end in
the férm S‘Peée s%'ldegleggrr@ %aﬁ% %émnarmuntatecﬁﬁﬁaﬂfg Ewand sal second end
of said sggmmggi‘ngﬁ'stiahdgaohqrgnppbna lug 5 rotatably nmounted to said
pin. 1 11. The nooring tower as set forth in Cdaiml, or 2, or 3, or 4, or

5, 2 wherein said first neans conprises: 3 a ring gear nounted on said
first _support rrber o) ian i.d - havi ng a
bi i o goaf | n TG EinguBenioer s ek IbA rGREnG 1S Whdreinh 3afi BUAH, FE119.2
set erthrﬁéhn@ @l Aah a@{us?abl@fpréssmé 3uwt0|5for2re‘gtlmtlagnthealn;d:irhblldd nmeans
conprises a clutch nounted between said pinion 3 gear and said notor. TH' S
SHEET 3HASpBESNre Rithinsssbhhygrassic cytirderpCT/ US95/ 06476 14 1 13. The nooring
tower as set forth in Cdaim1, or 2, or 3, or 4, or 5 2 wherein said
second neans conprises a hydraulic cylinder nnunted 3 between said first
and second support. 1 14. The nooring tower as set forth in Caim13
wherein said fourth 2 nmeans is a an adjustable pressure regulator for
regul ating the hydraulic 3 pressure within said hydraulic cylinder. TH' S
SHEET HAS BEEN REPLACED
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