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Description of Related Art

One of the major problems with both rigid and non-rigid
lighter-than~air wvehicles is their limited ability to
station keep and/or maneuver when docking, especially if
there are any significant cross-winds. This is due

. primarily to their large cross-sectional area, which causes

the vehicle to "weather vane" and "wave" with the wind.
They are partlcularly difficult to control if the wind is
gusting or when there are significant up or down drafts. 1In
fact, docking has proven to be the most difficult portion of
a flight for a lighter-than-air-vehicle.

In the past reversible propellers have been used to
provide braking as well as differential thrust for
directional control, but have proven to be only marginally
effective. Side thrusters in the form of ducted fans or
propellers are more effective, but when dedicated solely for
docking and "take off", the vehicle clearly incurs a
significant weight penalty. Examples of these can be found
in U.S. Patent Nos. 1, 876,153, "Aerial Transportation
System" by S. O. Spurrier and 4,402,475, "Thrusters for

“Airship Control" by V.H. Pavlecks. Dedicated vertical 1lift
propellers have also been used to provide additional lift at

take off; however, the same weight penalty is encountered.
Examples of these can be . found in U.S. Patent Nos.
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35 propellers have al so been used to provi de addi tThi ﬁh#ﬂﬂmBuma&m&ﬁke
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found in U S. Patent Nos. Thi s Sheet Has Been Repl

"Aircraft”™ by A. Rees and 5,026, 003, -"Lightger- Than-Air Arrcra
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quite large. the fact that, if the ducted fans are mounted on the cargo
10 compartment or gondola, the exhaust therefrom will strike
the gasbag when providing downward thrust, unless they are
mounted on extremely long pylons. Furthermore, if the
vehicle is very large, the ducted fans and the powerplants
therefore, must also be large to provide sufficient cruising
15 speed. This can create structural weight problems if the
poverplants are integral -with the ducted fans, for the
mechanism for supporting and rotating the combination ducted

fan and powerplant becomes quite large.

20 There are three'generai types of non-rigid vehicles: those
comprising a single gas filled bag; several gasbags joined
together in series; and, of course, those having a multiple
number gasbags within a non-rigid envelope. A particular
problem with such non-rigid vehicles is that, because of the

25 lack of rigid structure within the gas bag, the placement
of the thrust assemblies is limited to the gondola. Thus,
because the gondola is suspended from the bottom of the
vehicle, any maneuvering forces generated by the propulsion
system can not act through the center of pressure of the

30 vehicle and, therefore, their effectiveness is reduced.
This is also generally true of rigid airships that have an
internal structure defining the shape of the vehicle that
contain a plurality of gasbags with an aerodynamic cover
thereover. For even though the propulsion system can be

3E mounted almost anywhere on the rigid structure, they are
most often mounted at or near the bottom of the vehicle for
ease of access, etc. Thus what is needed is a propulsion
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10 .

It is a further object of the subject invention to
provide a propulsion system for a lighter-than-air vehicle
that provides for the repositioning of the thrust producing

assemblies, such as ducted and unducted fans or propellers,
15 so that side thrust can be provided without exhaust
therefrom striking the gasbag of the vehicle.

It is another object of the subject invention to
provide a propulsion system for a lighter-than-air vehicle
20 wherein the thrust producing assemblies, such as ducted and
unducted and fans or propellers, can be positioned so as not
to interfere with ground handling equipment when docking.

SUMMARY OF THE INVENTION
25 |
The invention is a propulsion system for a lighter-
than-air vehicle of either the rigid or non-rigid type,
having a longitudinal, horizontal and vertical axis. In
non-rigid vehicles the cargoc compartment and flight control
30 station are suspended from the gasbag and, therefore, are
called a gondola. In rigid vehicles, such structure can be
integrated and need not be suspended. However, for purposes
of discussion, the cargo compartment and flight station
shall be referred to as the "cargo structure". In
35 detail, there are a plurality of propulsion systems located
in egual numbers on either side of the vertical axis
thereof. Each propulsion system includes a thrust producing
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structure Can be integrated and need not be suspended. However, for

pur poses
_ Preferably the thrust assembly is mounted on the end of

a pylon that, in the cruise position, extends horizontally
outward from the vehicle perpendicular to the longitudinal
axis. If the vehicle is a non~rigid type, the pylon is
15 attached to the gondola. On a rigid design, it is possible
to attach the pylon to the main support structure; however,
even with rigid designs, it is more desirable to attach the
thrust producing assemblies on the cargo compartment to
provide ease of access for maintenance, repair and removal.
20 This is particularly true if the vehicle is extremely large.

The thrust assembly is rotatably mounted on the free

end of the pylon, rotatable about an axis of rotation that

25 lies in a pPlane perpendicular to the longitudinal axis of
the pylon. Preferably, the thrust assembly is rotatable

from a position wherein the thrust is directed forward to a
position wherein the thrust is directed backwards, that is
rotatable plus or minus one-hundred and eighty (180). Thus

30 thrust can be directed vertically upward, vertically
downward and to the rear. ©Note that if thrust reversing
propellers or fans are used, rotation could be limited to a

plus or minus ninety (90) degrees. Rotation of the thrust
assemblies is accomplished by a first actuation assembly

35 mounted on the end of the pylon. A suitable first actuation
| assembly comprises a ring gear mounted on the thrust
assembly engaging a pinon gear attached to the output shaft
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type, the pyl ofurthéb aldainanémeluverim gwd&hlmcle.m arigid design, it
is possible to attach the pylon to the main support structure; however,
The pylon is rotatably mounted to the vehicle such that
10 the thrust assembly can be positioned by a second actuation
system upward and downward from the horizontal. Typically,
this is a jack screw assembly mounted on the vehicle with
the end of the jack screw attached to the pylon. Upward
positioning is desirable in order to clear ground support
15 equipment when the vehicle is docked. The downward position -
is desirable when the thrust assembly is rotated at ninety
degrees to provide side and downward directed thrust. The
adjusting of the thrust assembly to provide downward thrust,
in conjunction with the positioning of the pylon in the
20 downward position, allows the exhaust to be directed at an
angle so as to miss the gasbag. This is particularly
advantages when the thrust assembly is mounted on the cargo
. structure below the gasbag and thus positioned well under.

25
Preferably the power to the thrust assembly is provided
by a powerplant mounted on the vehicle, in the case of a
non-rigid airship, in the gondola structure. The powerplant
is coupled to the thrust assembly via drive shafts and
30 universal joints and a transmission assembly so that
rotation of the pylon and thrust assembly can be
accomplished. This is particularly desirable because, if
both the pylon and thrust assembly can be rotated, having
the powerplant mounted at the end of the pylon could add a
38 significant weight penalty . Additionally, mounting the
powerplant in the éargc structure provides much easer access
thereto. The advantage of this method of mounting can be
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not or nmounted on the pylon. The use of such a gear assenbly allows for the
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' 10 . In a second embodiment the thrust assembly is rotatably
mounted on the free end of a fixed position pylon or other

rigid structure, rotatable about an axis of rotation in a

plane at an acute angle to the verical axis. Preferably,
the thrust assembly is rotatable plus or minus 180 degrees
15 in that plane. Thus upward (lifting) directed thrust is
"~ available for takeoff, while downward directed thrust can be
used for docking, and reverse and side thrust is available
for both maneuvers. The acute angle of the plane in which
the thrust assemblies rotate should be sufficient so that
20 the exhaust therefrom will miss the gas bag when down thrust
is required. however, this angle can be incresed beyond the
amount needed to clear the gasbag should it be determined
that a larger percentage of side force relative to either
the upward or downward directed thrust, is need to control
25 - the vehicle.  of course, if the propellers or fans are
reversible, then rotation can be limited to plus or minus 90
degrees in the acute angle plane. Thus the thrust
assemblies should be rotatable at least plus or minus 90
degrees in their plane of rotation.
30 .

As in the first embodiment, it is desirable to mount
the powerplant in the cargo structure and provide power to
the thrust assembly via a drive shaft mounted within the
pylon. A gear box is mounted on the end of the pylon

35 coupled to the output shaft of the powerplant providing the
desired angular change in direction. Rotation of the
thrust assembly is accomplished by an actuation assembly
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drive shafts araivantages thereof, will be better understood from the
following description in connection with the accompanying
drawings in which the presently preferred embodiments of the
invention are illustrated by way of examples. It is to be
15 expressly understood, however, that the drawings are for
purposes of illustration and description only and are not
intended as a definition of the limits of the invention.

BRIEF DESCRIPTION OF '.I.‘HB DRAWINGS
20 | | o
Figure 1 is a perspective view of a lighter-than-air
vehicle incorporating the subject propulsion system. |

Figure 2 is a partial front view of the vehicle shown
25 in Figure 1. '

Figure 3 is an enlarged view of a thrust assembly
illustrating some of the varies types thereof that can be
used in the subject propulsion systemn.

30 o |

Figure 42 is an enlarged partial view of Figure 2
particularly illustrating the propulsion system with the
thrust assembly in the cruise position.

7]
L4

Figure 4B is a view similar to Figure 4A illustrating
the propulsion system with the thrust assembly in the
docking (maneuvering) position.
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10 Figure 5 is a top view of the propulsion system éhown
in Figure 4 taken along the line 5-5.

Figure 6 is. a side view of the powerplants of the
propulsion system shown in Figure 5 taken along the line 6-6
15 in Figure 5.

Figure 7 is a partial cross-sectional view of Figure 5
taken along the line 7-7

20 Figure 8 is a view similar to Figure 4A illustrating a
version of the propulsion system wherein the powerplant is
integral with the thrust producing assembly.

Figure 9 is a view similar to Figure 2 illustrating an

25 alternate embodiment of the propulsion system wherein the

pylon is stationary and the thrust assemblies are rotatable

in a plane at an acute angle to the vertical axis of the
vehicle.

30 Figure 10 is an enlarged view of a portion of Figure 7
partially broken away to illustrate the details of the
propulsion system.

Figure 11 is a view similar to Figure 8 illustrating a
35 version of the propulsion system wherein the powerplant is
integral with the thrust producing assembly.
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10 also be use on a rigid vehicle design. In addition, whereas
a gondola  type cargo compartment (suspended cargo
compartment) is necessary on a non-rigid vehicle it is
certainly not required on a rigid design. Thus a gondola
style cargo compartment is also for purposes of illustration

i5 only and, again, hereinafter generally referred to as a
cargo structure. The vehicle 10 includes six separate
propulsion systems 24 having thrust producing assemblies, in
the form of ducted propellers 26 mounted along the cargo
compartment 20, three on each side (only those on the left

20 side are shown in Figure 1). However, as shown in Figure 3,
ducted fans 27, as well as unducted propeller and fans
assemblies, 28 and 29, respectively, could be substituted
and, therefore, the use of ducted propellers, and the number
of thrust assemblies for that matter, is for purposes of

25 illustration only. Additionally, propellers or fans can
and, preferably, are reversible.

Still referring to Figures 1 and 2 and, additionally,

to Figures 4A, B, C and D, as well as Figures 5, 6 and 7, it

30 can be seen that each propulsion system 24 includes a pair
of diesel engines 32A and 32B mounted on the floor 33 of the
cargo compartment 20. The engines 32A and 32B have drive
shafts 34A and 34B on a common centerline 36 that couple to

a transmission assembly 38 rotatably mounted to the floor

35 33. A pylon 40 is coupled by its first end 42 to the
 transmission assembly 38 and by  its second end 44 to the
‘ducted propeller 26. The pylon 40 is hollow and contains 'a
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10 centerline 36.

The ducted propeller 26 includes individual propeller

blades 64 rotatably mounted on a centerbody 66. The

‘ centerbody also supports the duct 68 by means of struts 70.
15 The second end 44 of the pylon 40 extends through the duct
68 (the duct is rotatable thereabout) and couples to and
supports the centerbody 66 by thrust bearings (not shown).

The drive shaft 46 couples to a gearbox (not shown) that
drives the propeller blades 64. Rotation of the ducted

20 propeller is accomplished by a actuation assembly 74 mounted
on the pylon that includes a motor 76 having a piﬂon gear 78

that engages a ring gear 80 attached to the duct 68. Thus
rotation of the ducted propeller'zs about the pylon 40 can

be accomplished regardless of the pylon’s position. If the

25 ducted propeller is reversible, it need only rotate plus or
minus 90 degrees; if not, it should be rotatable a full 180
degrees. s

Referring to Figures 4A,B,C,and D, in operation, the

30 pylon 40 can be rotated from its cruise position 40 (Figure

42) to the docking or maneuvering position 40A (Figure 4B)

by actuation of the jack screw 60. When docking, the ducted

propeller 26 can be rotated ninety degrees, indicated by

numeral 26A (Figure 4C), to provide both downward and side

35 thrust or upward and side thrust, as desired. Note that the
exhaust, indicated by numeral 82, misses the gasbag 18.

Thus in any design, the length and the angle of the pylon is



il lustrating some of the varies types thereof that @é
subj ect propul sion system 30 Figure 4Ais an enlarge l
Figure 2 particularly illustrating the propul sion sys hrust

assenbly in the cruise position. 35 lkigure 4B is a viewsinilar to

Figure 4A illustrating the propul sion,systemw th_ the thrust assenbly i
t he docki ng (ne¥etate n§¥°E§€i Poﬁuff1°§3F$gE9eal€9Vst§evP§RP§F§1EEP% %ﬂe

tFlh gu 3 gcéklAnl I I( lrlr;‘thi‘héﬂga‘s?émﬁl {)ud: smm;- ﬁ“fé @’as# dd) when prod@ucdngedbwpward
I ng geuve osition rust t t
downward. 5 Fi gaﬁﬁe&&ag ’aﬁ) THEW si m\%’ﬂ“ §° 5i¥e ﬁ%%?l é ?%?lsg‘g%qﬂ are
propul si on syst secured,t thet pyloh ddsad \beé erta,tGﬂ)C‘MaMS'FPI the docked
Figure 5 i FI ﬁet ggg‘i‘tg%oioﬁ h&‘ﬁtﬁ%"@gonwﬁéiksﬂ‘ Eﬂ@vﬁhéﬂef igphEge i drledn is

al ong the mﬁyre 6 1S Vi ew_0 rglan s of the
propul si on syst #FsBwFhen Wayy Rl anY KEPuBd hysedc dprkihg’ g zucture’ (not

shown). It should be noted that on the vehicle illustrated
in Figure 1, there where six ducted propellers 26
incorporated and by independently adjusting the rotational

10 position of each, as well as pylon 40 position, considerable
latitude in thrust vectoring between ducted propellers is
possible.

Referring to Figure 8 it can be seen that the
15 propulsion 'system can be used when the powerplant is
integral with the thrust assembly, for example a turbofan
engine. As illustrated in Figure 8, a pylon 110, having a
longitudinal axis 111, is pivotally mounted to the cargo
compartment 20 by -its first end 112 and by its second end
20 114 to a turbofan engine 118. The actuation assembly 60 is
used to rotate the'pylon 110 and the actuation assembly 74
(shown in Figure 7 but not shown in Figure 8) is used to
rotate the turbofan engine about the longitudinal axis 111
of the pylon 110. '
25
Illustrated in Figures 9 and 10 is a second embodiment
of the propulsion system, generally indicated by numeral 90,
wherein a fixed pylon 92 is used to support a ducted fan 94,
The power plants 32A and 32B are coupled to a transmission
30 assembly (not shown) that is fixed to the cargo floor 33.
The first end 96 of the pylon 92 is coupled to the
transmission assembly (not shown in Figures 9 and 10) while
the second end 98 is coupled to the ducted fan 94 through a
gearbox 100. The gearbox provides an angular change in the
35 plane of rotation, with the angle selected so that the
exhaust from the thrust assembly misses the gasbag when it
is rotated to provide downward directed thrust (as



15 .in Figure 5. Figure 7 is a partial cross-secti ofudShedt Hey Refn Edpjerie 5
t.aken along the line 7-7 20 Figure 8 is a view, ure 4A
illustrating a version of the propul sion systen1mhere| nt is
integral with the thrust producing assenbly.,5igure 9 is a view simlar to
Figure 2 illustrating an 25 al ternate enbodi ment- of the propuIS|on
system wherein the1f¥tPated Byald C!‘&F‘B& Hive h@ g)Ndgdr s SFedi b e

rotatable in a plape at an acute_  an q the vertlcal axls of th vehlcle
30 FlgurﬁciﬁaF§°§na%ﬁ?%Pb% «mﬁ%ﬂi &rbEPt?EFPQﬁl?ﬂgﬁﬁﬁfmsiy Biralt By

br oken away t_oI | bbedt totrotate deiciducteid ifan paopLusi o wirmiswo Elegu-reelslbr
IS aview simla (0] | n
system wherein tﬁisa dgg %S f|‘lsﬂe| ﬁ'{egra Qaﬂ %‘? jhnc‘ﬁ:ﬁau%% pgrgI 3%;%"3%&% taf
assenbly. 5 9 QSWPTI G’\hif gmmRmtgmB@Dlwmfwla@h d-‘tl'mlﬁm to be

Figures 1 and 2 ggnarhteq! @urifgnaskkingl Cuewkoee! PehaLkNYs! B’é %H?b?ﬁthty
propul sion system The 5 vehicl e, deSignated by nuneral
non-rigid desi gnto move the ducted fan upwWard when in the docked pos:l.tlon.
It does have the advantage of providing side thrust with a
somewhat simpler system.
10
As illustrated in Figure 11, the second embodiment can
also be used where the powerplant is integral with the
thrust assembly, again for example a turbofan engine. 1In
Figure 10, it can be seen that a pylon 120 is rigidly
15 mounted by its first end 122 to the cargo compartment 20 and
by its second 124 to the turbofan engine 118 by means of a
gearbox 100. An actuator assembly 102 is used to rotate the
turbofan engine 118 in the plane angled to the vertical axis
of the vehicle (as illustrated at a 45 degree angle).
20 Finally, in Figure 11, the thurst producing assembly 118 is
shown rotated 180 degrees to provide reverse thrust.  As
previously discussed, the 180 degree rotation is applicable
to all the embodiments previously discussed where thrust
reversing is not provided. '
25 | |
While the invention has been described with reference
to particular embodiments, it should be understood that the
.embodiments are merely illustrative as there are numerous
variations and modifications which may be made by those
30 skilled in the art. Thus, the invention is to be construed
as being limited only by the spirit and scope of the
appended claims. '

INDUSTRIAL APPLICABILITY
35
The invention has applicability to the aircraft
industry. '



haV|ng a longitudinal axis 12, vertical axis 14, and horlzontal axis 16 and
i ncl udes a helium b wﬂﬁmnuuﬂmﬁlﬂo ‘structure 20, in n Re laced
gondol a, nmounted at houl d ﬁ% not ed t hat H m
systemcould 10 . also be ude dn & rigid ¥&hicle design
whereas a gondola type <cargo conpart MS (suspended cargo
conpartnent) is necessary on a non-rigid vehicle it is certainly not
required on a rigid design. Thus a gondola style cargo conpartnent is al so
for purposes ofi.illustrani propllsionNkystad f%gahnilaﬁkﬁbu%BEﬁLaQQHEVa'|y
referred to as a cargo structure. Thé vehicle 10 includes six separate
propul si on sysvehdclé,hghengehiclet haviddCandongieddlingd, horikentanm of
duct ed propellers 26 nounted al ong the cargo conpartnent 20, three on each
side (o#Aly thosadoverkdchdf axi8, sadddprapalsiionnsystemgeomptlisingavever,
as shown in Figure 3, ducted fans 27, as well as unducted propeller and
fans assenblies, 28 and 29PY#9§pb@NﬂMGIy leongliuddnedbexisuand fidst,
therefore, the use of ducted propellers, and the nunber of thrust
assenbl i es foraPﬁaFeHBPFePndﬁs Fé#dp§#§§§e§n§f°§5531dlPV&§9r§PtéﬁabﬂNy

are reversible. Still

Addi t Iy, | f bl y,

ref;rL?ES tg F"g ngdﬁ%gnghf §%§1°3§dgg oﬁgPﬁygLEBn ,&aﬁegxggndgngc and D,
|1 F _and th |

oo vel| S ¥ hihaf BAM0cTy Ubpifye | HLE S8 LLak gach augoul oo

floor 33 of thgaja first end in a vertical plane perpendicular to the

longitudinal axis of the vehicle in an.ﬁpward and
downward direction;
a thrust producing assembly mounted on the
second end of said pylon; said thrust producing assembly
15 rotatable about an axis of rotation in a plane
perpendicular to the longitudinai axis of said pylon,
éaid thrust producing assembly rotatable at least plus
or minus ninety degrees in a plane perpendicular to the
longitudinal axis of the pylon;
20 a powerplant éssembly coupled to said thrust
producing assembly to provide power thereto;
first.means to rotate said assembly about said
axis of rotation; and
' ~second means to rotate said pylon about said

25 first end.

2. The propulsion system as set forth in Claim 1
wherein said_pylon is rotatable about said first end

upward and downward from a plane parallel to the



rotatably nounted to t A pyl on 40 its
first end 42 to the transnlsS|on assenbly K8 and by |t

t he ducted pro el l.er § p§lon 40 Iﬁ g:low and contalns a drive
shaft 46 nount 8r%ﬁ8P F% Pﬁéﬁ 8nﬁ88t¥e FS Sthe transnission assenbly 38 to
the ducted propeller 26 for driving sanme. A sway brace 52 is pivotally
nounted by a first end 54 to the cargo conpartnent 30 on the centerline 5

36 of the drivg shafts 34pea Qo§ﬂ§s1éﬂd ﬁtbhs §e§QEdf%9@h5§ntelhEﬁ @ylon

40 for reacting thrust Ioags on"the pylo An actuation assenbly he
formof a jackwherginbQ8alid Eﬁ!’&%@dpQBdhE(i gahﬁaeﬁﬁmaﬁkm@lez:tha‘fb% an
end 62 of the screw attached to the pylon 40 for rotating the pyl on about
the 10 5 centehki geoldp. cbheidttdngdoffir taakl, e duztednchndss progellaral
propell er blades 64 rotatably nounted on a centerbody 66. The cent erbody
al so supports ahd ducte@8pippeddessef struts 70. 15 The second end 44 of
the pylon 40 extends through the duct 68 (the duct is rotatable thereabout)
and couples to and

cqrgo‘conpartnent 2A and 32B have dr|ve shafts 34A and 34B
on a common center| “Q m mmllltml | e to a transnissi df mr&ﬁlaced

4. The propulsion system as set forth in Claim 3
wherein said powerplant assembly is'integral with said

10 thrust prodﬁcing assembly.

5. The-propulsion system as set forth in Claim 3
wherein said vehicle includes a cargo compartment
mounted on the bottom thereof, said propulsion system
15 comprising: |
| said-powerplant assembly includes an engine
mounted in said cargo compartment, said engine having a
first output shaft;
a tfansﬁission assembly coupled to said first
20 | output shaft and haVing a second output shaft, said
transmission géSembly rotatably mounted to the cargo
compartment about an axis coincident with said axis of
rotation of said pylon; | |
| said first end on said pylon attached to said
25 transmission assembly; and
said second output shaft'mqunted within said

pylon and coupled to said thrust producing assembly.

6. The propulsion system as set forth in Claim 5



e

supports the centerbod gst bearings (not shown). The drive shaft

46 couples to a g m \ﬂi‘ﬁ“‘!‘“‘w ‘that drives theTB'F e 64.

Rotation of the duds s psopeller is acconplisth , ﬂ on
I pi non

assenbly 74 nounted on the pylon that incll®es a not
gear 78 that engages g r.ing gear 80 attached to the duct 68. Thus rotation
of the ducted ﬁ% IqW%s¥ﬂ§'about the pylon 40 can be acconpli shed

regardl ess of the pylon' ssragt%zitr;toi‘%r}@fgné g%s%%bda, ggg:tl%ig‘rqogeléeqod;

reversible, it need only e S Or m nus rees; not, (f shoul d

be rotatabi e & flind 4 viser s 3R] LM MOV AR ind T

operation, the can be rotate romits cruise position 40

(Figure 4A) to g tdRCKiNE0la Ydnh et Gh 40AdFde@ire 4B) by ,
actuation of the jack screw 60.. Wien docking, the ducted propeller 26 can

be rotateed ni nglen AdGmAEp it iskdie & insth uigittlondA eifg igie e siich timatpr ovi de
bot h downward and side 35 thrust or upward and side thrust, as desired.
Not e t hat the edialfirsthdimhttdddd/ oubtpertalsieX tariagscon e qramteay 18. Thus
in any design, the length and the angle of the pylon is 11 rotated

- shoul d be suf f iceindigrtidmesl | ow t he exhaust fromthe

said transmission assembly mounted between
said first and second engines and also coupled to said
10 third output shaft;
such that both engines drive said second

output shaft via said transmission.

7. The propulsion system as set forth in Claim 6
15 wherein said means to rotate said thrust producing

assembly about axis of rotation comprises:

a ring gear mounted on said thrust assembly;
and
| a motor mounted on said pylon, said pylon

20 haVing a pinon gear mounted thereon on engagement with

said ring gear;

such that rotation of said pinon gear by said motor

causes said thrust producing'assembly to rotate.

25 8. The propulsion system as set forth in Claim 6
wherein said second means comprises é jack screw mounted
on said vehicle, said jack screw having an output shaft
coupled to said pylon, such that_the,éxtension and

retraction of said output shaft causes said pylon to



thrust assenbly t ] , When produci ng o-Irck)HSSheetr Ay lac(fd
thrust. VWhen dim iﬂ ! ﬂnjﬂ F shown) are sec-urem I l ﬂo can be
rotated upward t o'} « position _40B (Figur ! t he

ducted propeller 26 is out of the way of y ground based docking structure

(not shown). It should be noted that on,the hicle i t ed in Figure
1, there wher FF3EY AT p%ﬁ"#e‘i‘%w?édi%%qgoér%‘gdf%ir‘]%ébéﬁtlihdependent ly
adjusting the rotational 10 ~ position of each, as well as pylon 40
position, considerable latitude in thrust vectoring between ducted

propel | ers i's possi bl e. el Ghbiid & foki yE€ell 4 680 PSreRCIniORLiNe 15

- propul sion system can be used en the powerplant is integral with the

thrust assenblyhef@inexai@! £isst Uahaf S38c6Rdi ERginesi atesdiesell in Figure 8
a pylon 110, having a l'ongitudinal axis 111, is pivotally nounted to the

cargo cenpart n@ngirdsby its first end 112 and by its second end 20 114
to a turbofan engine 118. The actuation assenbly 60 is used to rotate the
pylon 110 and the actuation assenbly 74 (shown in Figure 7 but not shown in
Figure 8) is used to rotate the turbofan engi ne about the |ongitudinal axis
111 of the pylb®.110. 25The| prepulsionnsysEemedasosghdfepths1l aB¥oARe

enbodi nent of the propul sion syste ener al | i ndi cated by nunmeral 90,
- of C aigs 1-9, W eregk gaid tths£ pro ucgngyassemgiy

includes reversible thrust capability.

10

11. The propulsion system as set forth in any one
of Claims 1-9 wherein said thrust producing assembly is

rotatable plus or minus one-hundred and eighty degrees.

15



pl ants 32A and 32B are coupled to a transm ssion 30 hown)

wherein a fixed pylon 92 is used to support a duct ed famsﬁﬁgHﬁmez Bepdnced
that is fixed to the cargo floor 33. The first end: 96 o gﬂ nﬁ
an

coupl ed to the transm ssion assenbly (not shown in Fi.gures J 10) vvh| |l e
the second end 98 is coupled to the ducted ¥an 94 through a gear box 100.

The gear box provides_an ul ar g gtation, wth

t he angl e sel ected EB’OPH&ngﬁe §H§§s§°ﬁbﬁﬁﬁ%‘&'§ﬁa§§m ses t he

gasbag when it is rotated to provide dovvnvvard directed thrust (as 12

illustrated by a forty-five (45) degreelg 100). An actuation assenbly
I'S” usSe

102, simlar to actuation assenbly 74, to rotate the ducted fan 94
pl us or mnus 90 degrees or 180 degrees if the ducted fan 94 incorporat es

reversablg fan 5 gﬂ%enﬂ@hs 09%%%&1%‘4[%9 ﬁﬂéﬁ"sf. Pr aS| DEaHEE s

to be generated durlng ere |1 S no capabi to ve the
ducted fan upvERanuRER |‘fﬁli#$§|-ﬁioé-lged po%?tlmall]t gbes HEQE“H% °ﬁd\§¥ﬁ*@@

of providing sigielhdéssd pyIdn ac HaMhy aSloRbEtuainatnaxis faitirest raied
'n Figure 11, L0C.SqCUhe™IVIE ¢h2" firet end 42 of the pylen 40
' rotatably mounted to the vehicle 10 and the second end 44
10 extending outward from the vehicle. The pylon 40 is
rotatable about the first end 42 in a plane perpendicular to
the longitudinal axis 12 of the vehicle. A thrust producing
assembly 26 is mounted on the second end 42 of the pylon 40
and is rotatable about an axis of rotation in a plane
15 perpendicular to the longitudinal axis of the pylon 40. A
powerplant assembly 32A, 32B is coupled to the thrust
producing assemblies 26 to provide power thereto. An
actuation sYstem 74 s provided for rotating the assembly 26
about the axis of rotation. A second actuation system 60 is
20 provided for rotating the pylon 40 about the first end 42.



al so. be used where the powerplant is integral with the thrust assenbly,
again for exanple a turbofan engine. In Figure 10, it can be seen that a
pylon 120 is rigidly 15 mounted by its first end 122 to the cargo
conmpartment 20 and by its second 124 to fhe turbof an engi ne 118 by neans of
a gearbox 100. An actuator assenbly 102 iggused to rotate the turbofan
engine 118 in the plane angled to the Mertical axis of the vehicle (as
illustrated at a 45 degree angle). 20 Finally, in Figure 11, the thurst
produci ng assenbly 118 i s shown rotated.180 MAdgrees to provi de reverse
thrust. As previously discussed, thgZZaNabo
all the enbodi ments previously discys ed\uwﬁ
wre s g

merely illustrative as there_are filinerous

be rotation is applicable to
thrust reversing is not

ﬁibed with reference to
that the enbodi nents are
HEgt i ons and nodi ficati-ons

/ e~y t [J® art. Thus, the invention
is to be construed as bei i mfréed only by \ _&kspirit and scope of the
appended cl ai ns. INDUSTRIAL;A*?”VCABILITY 3 /'\@\invent'ﬁh has
applicability to the airckafiflj|f Adustry. \ \\y‘ N
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~ CLAI MBS 1.

vehi cl e having a | ongitudinal, _
propul sign system conprising: a pylon having a |ongitudinal
said first end of said pyl'an rotatably nounted to the

and second ends,

vehi cle and said second end extendi ng gdkwar &\f rom t he vehicl e,
said first end’in a ver\jca
the | ongi tudi nal axis of thegmyehicke in an upwaf&-and

T ot at abl e about 10

t hrust produci ng assenbl
t hrust produci ng asse
pl ane perpendi cul ar t
produci ng assenbly ro
~ pl ane perpendi cul ar

a power pl ant asse
power thereto; fi
rotation; and \

A propul sion systemfor a kighter-thah-air vehi cl e, t he

and vertical axis, said
axis and first

hori zontal 5

said pylon
pl &e perpendicular to
d ward direction;
ed oh the second en said pylon; said
rot abl e about aM\axis of rotation in a

(0) o] di nal\axi s I d | on, said thrust

al N\&st . pl niNn& y degrees in a
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, second means to rotate said pylon about said 25 first end. 2.
The propul sion systemas set forth in Caim1l wherein said pylon is
rot at abl e about said first end upward and downward froma plane parallel to

- the 14 horizontal axis of the vehicle. 3. The propul sion system
as set forth in Caim2 wherein said th produci ng assenbly is sel ected
fromb the group consisting of fans), "ducted fans, propellers and

"~ ducted propellers. 4. The propul sion systemas set forth in Claim3 -

. wherein said po IarGa nbly is integral with sgi 8 t hrust

- produci ng assenb y./5. . The propys® on sysje et formNg in Caim3
wherein said vehicle includes a cargo cqmpart ng gcivan
t hereof , said propul sion system 15 ) / . _
assenbly includes an engi ne nougigd i rR@Ashi d LR 2 dai d\engi ne
having a first output shaft; a ffransm genn 3 | ON\first
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20, ' out put shaft and havihg a second out put shaft, said transm ssion
- assenbly rotatably nounted to the cargo conpartnent about an axis _
coincident with said axis of rotation of said pylon; said first end on said

pylon attached to said 25 transm ssi on assenbly; and said second
output shaft nounted wi thin said pylon angggoupl ed tgsaid thrust producing
assenbly. 6. The propul sion systeqas set for ¥in daim5s

" conprom sing: said power a second engi ne having a
third out put shaft,ﬁzfi Y& ay/ed 1n said cargo conpartnent in
a spaced 5 A el atgonshi p/ty 2 gt i oned engi ne, such that said
first and t ' - . Nkeeader | i ne; said transm ssion
assenbly nog nes and al so coupled to

ANt NP2 N\ RN
said 10 . ' O, 51 d 3. t hlendl nes dri id nd
out put shaf Y , he&pr opul sf;? é;st@*?; set

forth in C

20
60

FIG.4B g
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68
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15 wherein said neans to rotate said thrust produci ng assenbly about
~axis of rotation conprises: aring gear nounted on said thrust assenbly;

" and a notor nounted on said pylon, said pylon 20 havi ng a pi non gear
nount ed t hereon on engagenent with said ring gear; such that rotation of
said pinon gear by said notor causes said hruﬁ?/producing assenbly to

‘i rotate. 25 dﬁrl (;é \[he propul sion dykte é% set forthin Claimé6

"~ wherein said sdcohd an onprises a jack‘ crew nounted on said vehicle,
said jack screw having an output shaft coyolled to said pylon, such that the
extension and retraction of said output sHajit causes said pylon to

rotate downward and upward about said firdtfiend. 9. The propul sion
system as set forthypn C aim®6 wherein | lrst and second engi nes are
diesel 5 engi nes. \10. Th pul si on.s as set forth in any
one of Clains 1-9, wheNdI™y sai he pr oduci ngf i ncludes /g

reversi bl e thrust capabilitysA\10
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11. ' The propul sion systemas set forth in any one of Clainms 1-9
" wherein said thrust producing assenbly is rotatable plus or mnus
one- hundred and ei ghty degrees. 15

12 6
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FIG 10

32A, 32B 96 92




