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MULTI-ORIENTATION, ADVANCED VERTICAL AGILITY,
VARIABLE-ENVIRONMENT VEHICLE

BACKGROUND

{0061} Embodunents are in the field of air, sea and land velaeles. Move particularly,
embodnments are m the field of vertical take-off and landmg vehicles. More parbionlarly still,
embodiments are duected towards vehieles combining the mass flow generating capabilitzes of
rotorcratt for hover and low speed load camrving capabiltties with the speed, range and altifude

capabilities of high speed hixed wing craft.
SUMMARY

[0062] One embodiment comprises a craft comprising a fuselage Hanked by hfting,
propulsion and maneuvering units (LPM assemblies). Components of each of the LPM assemblies
may comprise a plurality of mdividual discrete wing bladex or awrfoils Chereafter, “blade foil” or
“blade foils™} arranged about an elongated loop path set on edge. According to one embodiment,
such blade foils cvele around the elongated loop path m a longitudinal and vertical plane, to produce
deswred forces for lifting, propulsion and meneuvering. A control assembly enables hlade foils to
atiain high-flow angles of aftack such that all needed lift, manenverability, attitude changes, stability,
altitude changes and propulsion may be provided solely by the blade foils. According to one
embodiment, the control assembly enables the blade foils to aclueve functional lugh-flow angles of
atiack at all or substantially all points along the elongated loop path and to mamtam desirable blade
foil angles with respect to relative flow, mclading the extreme ends of the elongated loop paths. In
such an embodiment, while moving the blade fils from back to front on the top portion of the
elongated loop path and following around te the bottom portion of the elongated loop path, then from
front to back, pifch angles and chord lengths mayv be selecied top relative 1o bottom to achieve lift,
forward flight and aft flight ax well as dwectional changes, across a range speeds and strengths. In
one embodiment, the lower surfaces of the blade foils are mamtamed as the lower swiaces
contimuously and throughout the entire cyele around elongated loop path. Likewise, the fop surfaces
of the blade foils are maintained as the ftop surfaces {meaning the top surfaces face upwards)
throughout thew entire path around the elongated loop path. In this mamner, all needed forces may be
solely and completely provided simply by controlling power to the blade foils and the piich angles of
an mdividual blade foil or collective thereof blade fuils as they are moved around the elongated loop

path.

[0083] According to one embuodunent, if the pitch angles of the biade foils on the top
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portion of the elongated loop path are controlled to assume a shallow piteh angle, and the pitch
angles of the blade foils traveling along the botfom path of the elongated loop path are moved to a
e coarse of steep pitch angle, (meaning closer to a perpendicular angle velative to thewr divection
of travel, front to back), then the craft wonld move forward, sssammg the LPM assemblies on each
side of the craft were cyveling around thew elongated loop paths at the same speeds with the sape
pitch combmations. Anv vanation, side to side, andior top to bottewn of gach LPM assembly,
effectively changes athitnde, horizontal and vertical maneuvers and/or speed m all directions and
contlinations about the tlwee x, v and z axes. According to one embodiment, assuming that the
cveling speeds around the elongated loop paths are sufficient to generate more Lift than the weight of
the craft, which may according to embodiments mchide lighter than aw components fo provide a
depree of hifting force, and assunung that the angles of pitch and combined surface areas of the blade
foils are likewise sufficient to produce that hft, then such a craft would rise m alfitude. If the
elongated loop path on the starboard side of such a crafl were given more power and a lugher speed
of revolution relative to the elongated loop path on the port side of the craft, or more pitch, aggregate
blade foil swrface area or xome combination therent, then the craft would tend to hank to port and
also furn fo port {rotate in the vertical plane to port). Accordmg to one embodument, if a certam
section cluding a plurality of blade foils were given a coarser or steeper pitch relative to another or
other section(s) along an LPM assembly, then that section of the LPM assembly and the portion of
the fuselage nearest that section wonld both be hified upwards and propelled m a duection opposite
the direction of travel of the blade foils whose pitch has been steepened. In tlus manner, multiple
attitudes and a continuum of combmations of Lift, direction of travel and attitude may be controlled
using smmple pitch changes m a sub-region {3 region smaller than an entire top or bottom of a
elongated loop path) combined with changes mn the speed and/or power applied to the LPM
assemblies. LPM assemblies and their constituent blade foils may be arranged in configurations and
locations fo enable the placement of other structures and controls to miluence m-flows and out-flows
of the LPM assemblies and their constituent blade foils and to permit movement of LPM assemblies
as a whole, independently from and relatrve to a fuselage and an LPM assembly on the opposite side

of the fuselage.
BRIEF DESCRIPTION OF THE DRAWINGS

{0064} Fig. 1 15 an overhead perspective view of a craft comprismg a fuselage mn the
center, flanked on either side with two LPM assemblies, each comprising a pluahity of mdividual

blade foils, arranged in longitudinal file about two, bilaterally syvmmetrical, horizontally Iaid-out
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elongated loop paths, according to one embodunent.

[6005] Fig. 2 is a side view of the crafi of Fig. 1, showing details of an elongated
loop path on the port side of the craft, and further showmg mudtiple blade foils, arranged around a

track as well as a contral unit, according to one embodiment.

j0006] Fig. 3 i3 a perspective view of a craft of Fig. 1. showing npper leading edge
slats, upper trailmg edge flaps, lower blade foil leading edge slats, lower trading edge Haps, along

with an elongated cone-shaped controd track and driving frack, according to one embodument.

{0067} Fig. 4 comprises a sertes of perspective views of mdividual upper track blade
foils with leading edges mdicated for elarty and showmg control track assembly including wedpge
slide control blocks as well as connecting rod followers. Also shown are control arms, belt track and

blade foil prvot axle, according to one embodunent.

[0008] Fig. 5 comprises a sertes of perspective amd cross-section views of mdividual
lower track blade foils connecting rods, control arms, blade foil pivot axles and wedge shde control

blocks with the leading edges of the bade foils indicated for clartty, according to one embodiment.

[0009] Fig. 6 13 a port side view of the craft of Fig. 1 showmng an elongated cone-
shaped control track mn low piteh position, closer lateral to a fuselage. as well as blade foils and

driving track, according to one embodumnent.

[0018] Fig. 7 ix a side view of the craft of Fig. | with the elongated cone-shaped
control track removed for clarity, showing blade foils 1n angles resulting from low piteb position of

control loop unit as shown 1n Fig. 6, according to one embodiment.

[0011] Fig. 8 15 a head-on view of the craft of Fig. 1, showing blade foils 1 cross-
section and control arms in angles resulting from low pitch position of control loop {not shown here

for clarity} as shown mn Fig. 6, as well as the fuselage, according to one embodunent.

[0012] Fig. 9 15 a side view of the craft of Fig. 1, showing an elongated cone-shaped
control frack in a lugh pitch position, laterally farther from a fuselage, as well as blade fods and
driving track, according to one embodumnent.

{0013} Fig. 10 is a side view of the craft of Fig. 1, with the elongated cone-shaped
controd track removed for clarity, showmg blade foils in angles resulting from high pitch position of

control loop unit as shown m Fig. 9, according to one embodiment.
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[0014 Fig. 11 1s a head-on view of the craft of Fig. 1, showing blade foils 1o cross-
section and conirol arms in angles resulimg from hagh pitch position of control loop {not shown here

for clarity) as shown i Fig. @, as well as fuselage sccordmg to one embodument.

[0015] Fig. 12 is a side view of the craft of Fig. 1, showing the elongated cone-
shaped confrol frack m a rased position relative to ditving track. resulbing m higher piich angles of
blade foily along the lower track portion of an LPM assembly, and flatter {lower} pitch angles of

those blade foils along the upper track portion of the LPM assembly, according to one embodiment.

[0016] Fig. 13 ix a side view of the craft of Fig. 1 with the elongated cone-shaped
control track removed for clarity, showiag blade foils m differential pitch angles for an upper blade
foil group relative to a lower blade foil group, resulimg from a raised position of the elongated cone-

shaped control track as shown i Fig. 12 according to one embodiment.

{0017} Fig. 14 15 a head-on view of the crafi of Fig. 1 showing blade foils m cross-
section and elevated angles of control arms resulting from high position of the elongated cone-shaped
control track {not shown here for clarnsty) relative to diiving track as shown m Fig. 12, as well as

fuselage according to one embodiment.

[0018] Fig. 15 is a side view of the craft of Fig. | showing the elongated cone-shaped
control track m a lowered position relative to dorving track resulting m lower pitch angles of blade
foils along the lower track portion of LPM assembly, and higher pitch angles of those blade foils

along the upper track portion of the LPM assemblv, according to one embodument.

[0019] Fig. 16 15 a side view of the craft of Fig. 1 with the elongated cone-shaped
control track removed for clarity, showiag blade foils m differential pitch angles for an upper blade
foil group relative to a lower blade foil group, resulting from lowered posttion of the elongated cone-

shaped control track as shown m Fig. 15, according {0 one embodiment.

[0028] Fig. 17 1s a head-on view of the crafi of Fig. 1 showing blade foils m cross-
section and elevated angles of control anms resulting from low position of the elongated cone-shaped
control track {not shown here for clarnsty) relative to diiving track as shown m Fig. 15, as well as
fuselage, according to one embodiment.

[0021] Fig. 18 is a side view of the craft of Fig. | showing the elongated cone-shaped
control frack m an angled position longiudinally relative to dniving track such that the elongated

cone-shaped control track 1s shown lowered fowards the front of the craft of Fig. 1. and n a nenfral
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position vertically, aft resulting m higher pitch angles of blade foils along the forward upper track
portron of the LPM assenibly, and neutral patch angles of those blade foils along the rest of the frack

portions.of the LPM assemibly, according to one embodiment.

{0022} Fig. 19 13 a side view of the craft of Fig. 1 with the elongated cone-shaped
control track removed for colarity, showing blade foils in differemtial pitch angles for an upper
forward blade foil group relative to the rest of the blade foil groups all along the other frack portions
of an LPM unif, resulting from a rotated posttion of the confrol loop wnt as shown i Fig. 18

according to one embodinent.

[0023] Fig. 20 15 a top down view of an LPM assembly showing short span, swept

leading edge blade foils n a non-extended span configuration, accordmg to one embodiment.

[0024] Fig. 21 1s a top down view of an LPM assembly showing extended span

{“telescoped” outboard) blade foils configuration, according to one embodiment.

[0025] Fig. 22 15 a side view of the craft of the present embodunents showing stator

vanes over, between forward of, aft of and under blade foils, according to one embodiment.

[0026] Fig. 23 15 a perspective overhead view of the craft of Fig. 1 illustrating stator

vanes, according to one embodiment.

[0027} Fig. 24 15 a perspeciive underside view of the craft of Fig. 1, illustrating siator

vanes, according to one embodiment.

[0028] Fig. 25 1s an underside perspective view of an alternate confignration of an
LPM assembly showing ditve track, blade foils with leading edges and confrol fines. acvordmg fo

one embodiment.

{00291 Fig. 26 15 an underside perspective view of an alternate configuration of an
LPM assembly showing drive track, blade foils with leading edges, and control tines, according to
one embodiment. Also shown are partial upper and lower sections of control track, accordmg fo one

embodument.
[0036] Fig. 27 15 a side view line drawing of an alternate configuration of the LPM
assembly of Fig. 23, showing forward faming and aft fairmg, according to one embodiment.

[0031] Fig. 28 18 a sude perspective view of a craft accordmg to one smbodunent

showing drive wheels, fan diiving wheels, idler wheels dviving track, elongated cone-shaped conirol
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track and stator vanes, aceordmg to one embodiment.

{6032} Fig. 29 is a front perspective of the crafi of Fig. 1 showing fuselage and
splaved ont LPM assemblies, fan ditve wheels, blade foils, stator vapes, duve wheels, idler wheels

and elongated cone-shaped control fracks, according to one embodiment.

{0033} Fig. 30 15 an overhead view of the craft of Fig. 1, showmg fuselage, multiple
proteciive stator vanes, upper track blade foils with leadmg edge slats, elongated cone-shaped control

track, and control arms, according fo one embadunent.

[0034] Fig. 31 are overhead views of the craft of the current embodmments showing
deployment of movable wings in various positions as well as LPM assemblies m various positions,

according o one embodumnent.

[0035] Fig. 32 1s an overhead, viewing forward to aft perspective view of the craft of
Fig. 1, showmg movable wings, T PM assemblies with blade foils, stator vanes, drive tracks, fan drive

wheels and wmng flaperons, according to one embodunent.

[0036] Fig. 33 is an overhead, viewing aft to forward perspective view of the craft of
Fig. 1, showmg movable wings, LPM assembhes with fan diive wheels and wing Hlaperons,

according to one embodinent.

[0037} Fig. 34 15 an nnderside perspective view of the craft of Fig. I, showing wing

extension frack, movable wings, flaperons and fan drrve wheels, according to one embodument.

[0038] Fig. 35 15 a front view of the crafi of Fig. 1 showmyg fuselage, ditve wheels,
protective stator vanes, confrol arms, elongated cone-shaped control track, blade foils and drive

tracks of hilateral LPM assemblies canted outhoard at the bottom, according to one embodinent.

{00391 Fig. 36 1s a side view of the craft of Fig. 1 with a physical contrel element not
shown for clanty, showing a deving track, blade foils with thickened chords along bottom sections of
an LPM assembly and blade foils with normal chords along top sections of an LPM assembly,

accordimng to one embodiment.

[0046] Fig. 37 15 a closer-up view of a section of the crafi of Fig. 1 with a control
element removed for clarity, showing a drive frack, blade foils with normal chosd along top sechions
of an LPM assembly and blade foils with tluckened chord along bottoun sections of an LPLUY
according to one embodiment. Also shown is an enlarged view with controd element removed for

clanity, of a partial section of drive track, an idler wheel, control arm, blade foil with thickened chord,
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deployed leading edge slat, deploved irailing edge flap and camber cam, according fo one

e

embodiment.
DETAILED DESCRIPTION

{0041} The most efficient mechamsm for hftmg heavy lpads, other than highter-than-
air craft such as lifting balloons, and various forms of nigid structure lighter-than-air crafl, i to move
large volumes of aw relatively slowly, ax opposed to moving small volumes of air at relatively high
speeds. The present embodiments, although relatively compact i size, comprise functional and
controllable svstems that selectively move large volumes of am at low andfor high speeds, The
present emboduments are configured fo move large volumes of relatively cool, ambient atr or other
media at relatively low speeds for relatively efficient, heavy lifting capabilities, as compared to
nbofans, twbo props and other vertical Lift systems. In fact, the present embodiments offer speed
and efficiency perfornvance capabilities currently only associated with lugh speed fixed wing craft by
enabling the operator to cycle between choosimng to move large vohunes of air in one configuration,
then seanpdessly transitioming to other configirations to move smaller volumes of air at lugher

velocities and back again in a contunnun of available configurations.

[0042] Twrning now to the figires, Fig. 1 shows a craft 100 comyprising a fuselage 10
flanked by hfting, propulsion and maneuvering (LPM} assemblies 11 arranged with one LPM
assembly 11 on each side extending for example approximately the length of the fuselage 10,
according to one embodiment. Each of these LPM assemblies 11 comprize a plurality of mdividual,
discrete wings, blades or foils (hereafier, collectively, “blade foils™) 12, arranged about a {eg., a
generally ovaloid or elliptical shape thal mav compnse flat segments) elongated loop path 13 to
produce the desired forces for hifting, propalsion and maneuvering the craft. The elongated loop path
13, according to one embodiment, mav be configured to have a greater dimension along a
longitudinal axis of an elongated fuselage than perpendicular thereto. Stated differently, when the
craft is flying paraliel to level ground, the dimension of the elonpated loop path perpendicular to the
force of gravity mayv be greater than the dimension of the elongated loop path that s paralle} to the
force of gravity. It 1s to be noted that the fuselage 10 in the figures is a generic fuselage that may be
adapted according to the deswed Hmctionality and mission to which the craft 100 s destined. As
such, the depicted simplified shape and appearance of the fuselage 10 functions merely as a
placeholder which, # 13 to be expecied, will vary according to the nature and purpose of the craft 100
Accordmg to one embodumnent, such a craft mav acconumodate a human pilot, be controlled

autonomously or semi-autonopously by software or be controlled by a remote humen pilot
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Accordingly, 1t 15 to be understood that embodiments cover both piloted and drone aweraft or other

media vehicle andfor any combination thereof.

{0043} By moving the blade foils 12 from back to front on a first portion {e.g., the
top portion) of an elongated loop path 13, as shown m Fig. 2, and following around to a second
portion {&.g., the bottom portion) of the elongated loop path 13, then from front to back, pitch angles
may be selecied at the top of the elongated loop path 13 relative to the bottom of the elongated loop
path 13 to thereby aclueve hifi, forward flight and aft fhght ai any combmnation of athitnde, altitude
and speed, depending on available power, If, for example, the pitch angles of the blade foils 12 on
the top of elongated loop path 13 were to be controlled fo be shallow, and those along the bottom
path of elongated loop path were to be controlled o be steeper {1.e., oriented at a relatively greater
pitch angle}, or more perpendicular to thew divection of travel {(front to back), then the craft would
move forward assuming the blade foils of the LPM assemblies 11, on each side of the craft, were
moving around their respective elongated loop paths 13 at substantially the same speeds with
substantially the same pitch and power. Assunung the speeds of revolution along elongated loop
paths 13 were sufficient to generate more lifi than the weight of the craft 100, and the pitch angles
were likewise sufficient fo produce that hft, then the craft 100 of Fig. 1 would also rise m altitude. It
on the other band, the LPM assembly 11 on the ¢longated loop path 13 on the starboard side of the
craft 100 were given more power and thus driven at a higher speed of revolution relative to the LPM
assembly 11 on the elongated loop path 13 on the port side of the craft 100, or more pitch, or both,
then the craft 100 may tend to bank fo port and also fwmn to port {rotate in the vertical plane to port).
Advantageously, embodiments exhibit less, if any, adverse vaw as compared with conventional fixed
or rotary winged crafis, since ncreasing power and speed of rotation and/or greater pitch may pull
the affected side around, and mav also may tend to bank the craft in the same divection, such as mayv
oconr m & twm engine fixed wing cratt assuning the pilot or fhight computer moreased thrust i the
engine on the same side as the aileron is lowered for a coordmnated, banking firn. Embodiments
shown in Figs. 1 et seq. may be configured to enable mstomatic, coordinated, safe s in either
direction at virtually any speed simply by increasing power to the flankang LPM assembly 11 that is
opposite to the deswed firn and bank. The same applies, according fo one embodiment, to
differential ptch changes, for one flanking LPM assembly 11 relative to its counterpart LPM

assembly 11 on the opposite side of the fuselage.

[0044] According to embodiments, structures that favorably affect bandling, stabidity

and enable simpler control nmts construction compared with rotoreraft particularly, are those related
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to ophimal divection of gyroscopie forees as created by movenents of LPM assemblies 11 configured
according to thewr placements along fuselage 10, Indeed, by altermg the pitch angles of blade foils 12
at various pomts along the elongated loop paths 13, with or without changing the ortentations andfor
positions of the LPM assemblies 11 with respect to a fuselage 10, nearly any and all fhight attitudes
and holdmge attitudes in hover are, according to one embodiment, attainable. These cornbunations aad
differential effects enable for exauwle, nose up, nose down or level athitudes 1 hover and &
trimming purposes m divectional fhght, which mayv be used fo gam vanations m visibility both m
fhight and in hover and for balancing load positions aboard or in shing loads amoag functionalities.
Assunung that the puch to the forward half of the bottom pathway blade foils 12 18 mereased while
keeping all other blade foils 12 in their then current pitches and orientations, the craft 100 would be
placed in a clunbing, nose lugh attitude. If the pitch angles of the blade foils 12 were mcreased by a
tike amount m all aft balf of the blade foils 12 on the elongated loop paths 13, then the aft portion of
the crafi 100 would nise. Imbalanced loads may be addressed m fhus manner as well. Indeed,
according to embodiments, sifuations m which either the aft or forward sections are more heavily
loaded, mayv be addressed by trimnung changes of pitch angles of the blade foils 12 m the affected

ared.

[0045] As alluded to above, the depicted shape of a fiselage 10  the figures should
not be mierpreted as conveving any preferved shape thereof Indeed, the depicied shape of the
fuselage 10 13 only meant to highlight the potential compactness of the LPM assemblies 11, and 15
also meant to convey the adaptability to roads and high-speed conventional surface travel, such as on
normal roadways, highways and other off-road areas of surface travel, as well as for ease of loading,
mgress and egress that a compact structwre with such protected LPM assemblies 11 according fo
embodiments enables, According to embodunents, enbancements to uuake mass flow may be
achieved, with a combination of fuselage shape and any ducting elements associated with a fuselage,
placement of the LPM assemblies 11, and inboard and outboard wing/'ducting structures that may be
configured to augment funveling and directing of large masses of awtlow nfo the LPM assembhies
11, while also preventing or munmnuzing unfavorable phenomena common to vertical It aircraft,
such as, for example, vortex regurgitation during certamn phases of fight and hover. Aecording to
embodiments, wide center of gravity options are enabled advantagecusly ssmply as a result of the
placement of LPM assemblies including components imparting aerodyvnamic forces, being located at
the periphery of the load space. Likewise i combination with the ability to alter piich anglex to

mdividual, sub-regions or whole LMU blade fiuls, these lifting units not only have maximum
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mechanical advantage by virfue of thew outer edge placement, they also confer the benefit of
producmg large hifting forces bronght to bear af specific pomts. Advantageously, accordmg to
erpbodintent, nriltiple relatively small lifting units (blade foils) are placed all along the load space as
bounded by fuselage 10, and then conirolisbility gives an operator or operating system precise

options to deal with load asymmetries.

{004a] Finbodunents enable the fine-gramed conirel of blade fouds. For example,
segments or groups of blade foils 12 may be controlled mdependently of other segments or groups of
blade fmls 12, Moreover, dependmg upon the control mechamsm, mdividual blade foils 12 may be
mdependently controlled. Described and shown herem are embodiments m which a group of blade
foils 12 may be controlled mdependently of other blade foils 12, Other embodiments shown and
described herein enable the control of subgroups or even individual blade foils 12, thereby enabling
an uniimited nwmber of control patierns to effectively allow for hmutless combmations of Lift,
propulsion, maneuvering and attitude, each of which may find wtihity n different sitwations. For
example, controlling each blade foil 12 individually may be carried out such that each blade foil 12 15
pivoted to a controlled pitch angle for a desired duration {defined, for example, m terms of a range of
positions along elongated loop path 13} or o a controlled pitch angle as the blade foil or blade fouls
12 arrtve at or near a predetermined position along elongated loop path 13. These control mputs may
be transmitted electromically, hydraubically, mechanically or m a vanety of combinations for
example. Indeed, accordmg to one embodiment, as each blade fod 12 passes a predeternuned
location along elongated loop path 13, its pitch angle may be controlled to be the same as or different
from the preceding blade foil 12. Ultimately, an oversll patiern may be configured, precisely tailored
and guickly altered under computer control, for example, in response to pilot or progranunatic mputs
and/or u response o changes in conditions, such that choreographed manenverings may be achieved
by entering a desired maneuver, or response to conditions {both stable and variable) into a computer
algorithm and then enabling computer control of the pitch pattern(s) of the blade foils 12, elongated
foop path 13 speeds (mncluding starboard elongated loop pathis) 13 relafive to port side elongated
loop pathis) 13} and engine power {m one embodiment. the engme power apphed to each LPM
assemnbly 11 may be independently controlied and coordmated) to produce a desired flight effect or
fight path profile. One smbodiment comprises nore than one LPM assembly 11 per side of craft,
and such LPM assemblies 11 may be disposed adjacent to one another horizontally, may be located
in tandem, fore and aft {leading/trasling one anotber} stacked vertically, or nested within each other,

for example. Ax shown m Fig. 1, the blade foils 12 may be disposed, according to one embodmment,
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m close proxmmty to fuselage 10, This close proxumity enables further functionality and sdvantages,

as detailed heretn below,

{00471 Advanfageously, the forces acting npon each blade foil 12 are smaller than
the forces that would otherwise act on comparatively larger surface areas of conventional rotary of
fixed wings. Each blade foil 12, therefore, carrtes ondy a soall portion of the total load, and flights
may be continued despite damage to or even loss of one or more blade foils 12, Additionally, the
close proximity of the aerodynamuc surfaces of the blade foils 12 and thew components to the
fuselage 10 advantageously nuninuzes thew vulnerabihity, as compared to the asrodvnamie surfaces
of conventional fixed or rofary wings. This close proximity and any profective struchures added
beneficially as a result of the close proximity of an entire LPM assembly 11, in turn, acts to protect
occupants of the craft, as well as to protect suerounding structures from damage as a result of contact
with the fast moving blade foils. Maneuvering m constramed areas 15 also greastly mnproved, as
compared to conventional fixed or rotary wing amcraft.  Other advantages of the present
embodiments mclude ease of de-iwcing, enhanced protection agamst bird sirikes and other hazards,
and the ability to use less exotic materials for construction of aerodynamic surfaces, given the vastly
decreased lever arm/moments that bear on these surfaces and structures. Advantageously the close
proxunity of the blade foils 12 fo the fuselage 10 affords opportusities to incorporate other
components having fixed and/or movable surfaces such as fences, ducts, vanes, slots, slats, skirts, jets
of bleed awr and other aerodynamic entihies mto the craft, accordmg to emboduments. These
components may be attached to the fuselage or other nearby structures, andfor coupled to the blade

foils 12 themselves.

[0048] According to finther embodiments, the blade foils 12 may be configured to
follow elongated loop path 13 such that thewr respective leading edges remam the same and, i the
case of counter clockwise progression around a port side elongated loop path 13, these leading edges
may be facing forward along the top portion of the path of elongated loop path 13 whereas along the
bottom portion they may be pomting aft. It may be more favorable aerodynamically, paricularly m
forward and aft flight however, to keep the attitude of blade foils aligned with the horizontal
duection of flight, and for this reason, embuodiments that account for the majority of the illustrations
and descriptions are configurations that change the leading edges of each blade foil 12 as each
progresses along elongated loop path 13 and partienlarly, at the ends of the elongated loop paths
where blade foils 12 are controlled in such a way that thev remein aligned with relative flows.

Having the leading edge of the blade foils 12 aliernate as they progress along the top path relative to
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the bottom path of elongated loop path 13 enables each blade foil to mamtain ifs upper surface facmg
upwards and s lower surface facing downwards throughout the entwe revolution thereof around
glongated loop path 13, As a result, each phase of the cvele of the blade foils 12 around elongated
loop path 13 may then, as well as the blade foil shapes and chords themselves, accordmg fo one
embadiment, be optinuzed for ity or thew particular imetion. The structures and methods that enable
alternating leading edges of blade foils 12, while simultansously maintaining upper swrfaces thereaf
on iop, and lower surfaces thereof on the botiom throughout a cvele are detsiled hereunder.
According to one embodiment, for forward travel, the edges of blade foils 12 may be optimized for
high speed forward flights to account for the nwich bigher aw speeds and shallower pitch angles on
the top of the elongated loop path 13 relative to the bottom half of the elongated loop path 133,
according to one embodunent. Embodiments are configured to enable mcorporation andfor
optimization of sweep angles, edge slots, edge slaty and melnding such features ax blade foil 12 tip
effects mncluding wmg tip fences, shapes, vortex generators and winglets among others. Another
functionality of embodiments s the capability to mcrease top speeds. Indeed, configuring the
leading edges of the blade foils 12 to be swept and/or extremely thin on the forward moving pathway
{e.g., iop portion} of elongated loop paths 13, mayv enable even supersonic fhight, due to the
streamlining of the blade foils 12 and the elunination of refreating blade stall, among other
irmstations. The structure of the blade foils 12 and the elongated loop paths 13 also enables the
ehmination of other undesirable phenomena, mclading blowback, dissymmetry of hift and other

instabilities.

{00491 It should also be noted, refemming to Fig. 1. that control assemblies may be
focated outboard of LPM assemblies 11 as shown or may advantageously be located between LPM
assemblies 11 and fuselage 10, may be an mtegral part of fuselage 10 or may be disposed withmn
fuselage 19, according to embodmnents.  Accordimng to embodiments, other aerodvnamic stiactures
to augment flow andfor Lift effects among others may be added as deswred given the configuration of
the craft and the alulity to alter whole LPM assemblies 11 with respect to the rest of the structure(s}.
Such structures may participate m configuration changes m addifion to aerodynamic functionahties.
Likewise, rofating components, pow exposed to high relative airstreams, maay be wiihized for

propulsion, lift and maneuvering meluding pitch confrol.
[0058] Fig. 2 shows the fimctionality of shifting leading edges of blade foils 12 along

the upper portion of elongated loop path 13 paths and the lower portion of elongated loop path 13,

The leadmg edges of the blade foils 12 traveling along the upper portion of the elongated loop path
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13 1 a forward direction along the direction of forward fhght may be shaped or streanilined for hugh
relatrve flows {such as, for example, a fruncated delta wing pattern} and when these hlade foils 12
reach the forward apex of elongated loop path 13, transitioning to the lower portion of an elongated
loop path 13, the now leading edges, which were frailing when traveling along the upper portion of
elongated loop path 13, may now assunie a more traditional thick cord, high bft and pwye propulsive
{e. g.. higher drag) configuration. According to one embodunent, when blade foils 12 reach the
farthest aft location along elongated loop path 13, they may, depending on thew shape and chord,
once again revert to a more laninar flow shape, either sunply as a result of thewr divection of travel
relative to the diwection of overall craft travel given the fact that leading and trailing edges of the
blade foils 12 trade places, and'or as a result of more complex mechanisms utilized to create
additional changes hased on angle of attack or coefficient of hift. Moreover, any other changes that
contribute to etther highly streamlbined configurations m the upper portion of elongated loop path 13
or high bift, high propulsion configuration in the lower portion of elongated loop path 13 over
aerodvnamic surfaces in one region or another or both, with reference to elongated loop paths 13 to
augment Lift, drag {propulsion} or other effects such as diffusion of noise, heat or other bypreduets of
power generation and flight, are withm the scope of the embodunents shown, described and claimed

herein.

{0051} Fig. 3 shows control units 135, which may comprise elongated cone-shaped
tracks whose curvature 1s followed by a plurality of control arms 20, esch of which 1s coupled to a
respective one of the plurality of pivoting blade foils 12, In thix pranner, velative angles and distances
between the control unit 15 and the pivot poinis about which each blade foil 12 pivols (best shown at
reference 21 m Fig. 37}, and the maaner m which the blade foils are constrained by driving tracks 14,
may dictate mdividual pitch angles (andfor chord length} of each of the Bade foils 12 ag they
progress around elongated loop path 13 according to embodunents. Oiher control configurations that
achieve the same or sinular comprehensive control of individual blade foils 12 around an glongated
toop path may be envisioned, all of which are considered to be within the scope of embodiments
heremn. As shown in Fig. 3, the leading edges 22 of the blade foils 12, wiuch may comprise flaps or
other hift enhancing components, may become the trailing edges of the blade foils 12, as the blade
foils 12 transition from the upper portion of elongated loop path 13 to the lower portion thereof
Sumilarly, the trading edges of the blade foils 12 on the upper portion of the elongated loop path 13
mav become the leading edges of the blade foils 12 travehng on the lower portion of the elongated

foop path 13 blade foil.  Advamtageously, blade foil edges. sweep angles and chord shapes and
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lengihs may be optumzed for thew respective roles as the blade foils 12 travel along the npper porbion
of elongated loop path 13 and as the blade fouls fravel along the lower portion of the elongated loop
blade foils 12 ravellmg along the upper porhion of the elongated loop path 13 and for blade foils 12
travelling along the lower portion of the elongated loop path 13, such as dwing forward fhight,
{usually the direction of desirably higher speeds), hovering, attitude, chimbing and cruising portions
of common flight plans. Mowving the control wuts 15 m an mnboard duwection would, accordmg to
embadiments, move all blade foil angles along both upper and lower portions of elongated loop paths
13 to lower pitch configuration. In contrast, moving controd umis 15 iy an outboard direction would,
according to one embodunent, move all blade foil angles along both upper and lower portions of
elongated loop path 13 to lugher piich configurations. Muoving coptrol units 15 upward relative fo
blade fml pivot points as located by attachments to driving tracks 14 would, according to one
embodiment, decrease the prich angles of the blade foils 12 along the top portions of elongated loop
paths 13 while increasing pitch angles of blade fiuls 12 along the bottom portions of elongated loop
paths 13, thereby causing the craft to move forwards. Moving control vnity 15 downward, according
to one embodiment, may cause the opposite effect; namely to ncrease the pifch angles of the blade
foils 12 along the top portions of elongated loop paths 13 while decreasing the pitch angles of blade
foils 12 along the bottom portions of elongated loop paths 13 causmg the craft o retreat. According
to one embodiment, all attitudes, directional changes and altitude changes meludmg speeds and rates

mav be made available by differentially controlling the LPM assemblies 11.

{0052} Fig. 4 shows another embodiment of a control wmt. In this case, the control
it 15 may comprise a moving track control unit 15 with angled control elements 17, which may be
configured to raise and lower control amm connecting followers 18 and control arms 20, which
correspondingly rase and lower the piich angles of blade foils 12. The alternative embodiments
shown here mclude that the fnctionality and mterdependency of mndividual blade foils mcluding
thewr control arms relative to control units 15 1s ensured and demonstrated. Additionally, m thus
embodinent, high speed bearmg components are not required for the control amm followers 18 and
these components, according to one embaodhment, may advantageously be constructed of low weight,
fow heat tolerance materials. Tt should also be noted that the aftachment point of the through-blade
foil elements 19 may be located at any point along the chord of the blade foil, according tfo

embodunents.

{0033} Fig. 5 shows blade foils 12 positioned along the lower portion of elongated
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loop paths 13, and demonstrates that movement of control untts 15 away from drving tracks 14
resulfs m moreasmg the pitch angles of the blade forls 12 and moving control untls 15 jowards
driving tracks 14 results in decreasing the pitch angles of the blade foils 12 along the lower portion of
elongated loop path 13, resuliing 1n the same pitch change directions as are effected by those same
relative movemenis, control unit 15 to dirve track 14, for the blade foils 12 along the upper portion of
the elongated loop path 13, thereby rexulting m a “collective”™ same-duection pmitch change in the
blade foils 12 fraveling along both upper and lower portions of elongated loop path 13, It should also
be noted that such pitch change mechamsms may easily be envisioned fo change individual or a
irmited series of blade foil pitch angles at any pomnt along the elongated loop path 13, according to

embodiments herein.

[0034] Figs. 6, 7 and 8 are varous views of the effects of moving control unit 15
mwards {towards) relative to drive tracks 14, which are the components that constramn the position of
the blade foils and thus determmne the pitch or angle of attack in space around elongated loop paths
13, Indeed, the pitch angles and other changes relative to blade foils may be controlled, according to
one embodiment, by changing the relative postiions of control units 15 and drive tracks 14, Fig. 613
a side view showmg a control unit 15, In Fig. 7, control nnit 15 1s removed tfo clearty show changes
in the puch of the blade foils 12 as the blade foils 12 travel around elongated loop path 13, InFig. 7,
the pitch angles of the blade foils 12 are relatively “neutral” and approxmmately of equal value m both
the blade foils 12 traveling along the npper portion of elongated loop path 13 and for blade foils 12
traveling along lower portion of the elongated loop path 13, Such a configuration may be suited,
accordig o one embodunent, to a hover confipuration or at least a configiwation m which the
horizomtal motion of the craft is stable, and 1 which vertical posttioning or change m altitude may be
deterpuned by the power delivered to the LPM assemblv{ies} 11 on the port and starboard sides, as
well as loads and load distributions. Likewise, Fig. 8 13 a front view of a craft according fo one
embodiment that shows only a portside LPM assembly 11, with its control unit 15 removed for
clartty, In this view, control armos 20 are shown m relatively nentral or af rest positions, suntlar to
the pitch angles theyv dictate for blade foils 12, according fo embodiments. In this position, the
control arms are sunply following their path around the outside, expanded section of control wnt 15,

which 1s as a result of control unit 15 bemng moved i, towards fuselage 10.

[0055] Figs. ¢, 10 and 11 are sinular views to those shown m Fipgs. 6, 7 and 8, and
show the effects of nroving control mut 15 farther away from blade foils 12 locating attacluments on

drive umits 14, and thus, m this embodiment, farther away from fuselage 10, Indeed. moving control
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umit 15 farther away from blade foils 12 locatmg attachments on drive umits 14 collectively moereases
the piich angles of control arms 20 and thew aitached blade foils 12, This effect may be envisioned
by comparmg the positions of the control arus 20 of Fig. 11 to Fig. 8. In Fig. 11, the control arms
are effectively all squeezed together fowards the nuddle as a result of the constramt of the conirol
unit “cone” bemng moved away from the fuselage 10, resulting 1o increased piich of all blade fuuls
along the slongated loop path 13, It should also be noted that, according to embodiments, control
umits 15 of the mdividual LPM assemblies 11 may also be moved inwards and/or outwards as well as
up or down m equal or differential distances at they forward ends and aft ends. Alternatively, the
control wits 15 may be moved only at the forward or aft ends including any comlunation of relative
moventents thereof, which then causes a selected, controlled increase or decrease m control arm-
mduced blade foil pitch in selected portions of the elongated loop path 13. For example, a contrel
mmt 15 mav be moved away from drive track blade foil locating attachments at the forward end of
one LPM assembly 11 while moving the aft end towards blade foil 12 attachments, thus creatmg
differential “collective” conirol of blade foils, forward relasive to aft.  In tlus instance, such
differential collective contral of the blade foils moreases pitch i forwardly located blade foals 12
along both the upper and lower forward portions of elongated loop path 13, while simultaneously
decreasing the pitch angles thereof aft along both upper and lower portions of aft elongated loop path
13, resulting m a raising of the nose of the craft, according to embeodiments. In other words,
accordmg fo embodiments, moving control units 15 towards blade foils’ constraming components on
drive track 14 decreases pitch. Conversely, moving contrel units 13 away from blade foils’
constraming components on drive track 14 moreases the piteh angles of the blade foils “collectively™

along both upper and lower portions of elongated loop path 13,

[0036] According to embodiments, the coptrol namts 13 may be moved towards or
away from the fuselage 10. Also accordmg to embodiments, the control units 15 may be moved up
or down relative to the fuselage 10. Combmed movements toward, away, up or down may be carried
out, according to embodiments. Tndeed, any of these movements may be carried out independently
of one another relative fo the forward or aft end of each LPM assembly 11. Figs. 12, 13 and 14 are
simmlar views showing the effects of rassing the position of control units 15 relative to
attachment/pivet poiats for blade foils 12, which causes the pitch angles of the blade foils 12 o
morease along the lower portion of elongated loop path 13, with a corresponding decrease i or
neutral positioming of pitch angles of the blade foils 12 along the upper portion of elongated loop

path 13. Such a confipuration would, according to one embuodiment, cause the craft to move forward,



WO 2013/188285 PCT/US2013/044956

|
-]

Alternatively, makimg these changes to control vt 15 positioning on only a port side LPM assembly
would cause a craft according to embodiments io rofate fo starboard {and may also aniomaheally
bank to starhoard as well, dependmng on power tnput to port LPM assembly relative to starboard LEM
assembly} m the borizontal plane. Fig. 14 illustrates this by showmg the control arms 20 along the
upper track and lower track being raised, resulting in flatter pitch of the blade foilx 12 along the
upper portion of elongated loop path 13 and mereased blade foil pitch aloag the lower portion of

elongated loop path 13, resulting m forward and/or clhimbmg flight.

[00357] Figs. 15, 16 and 17 show the effects of lowering control units 13 as a whaole,
caunsing the piich angles of the blade foils 12 to increase along the top portion of elongated loop paths
13 and to spnulfaneously decrease the piteh angles of the blade foils along the lower portions of
clongated loop paths 13, The effect of such a configuwration would be to cause a eraft according to
embodinents to retreat backwards and, assumung adequate power mput, chmb m reverse direction
relative fo the forward orentation of the craft. Alternatively, if these control mputs are apphied only
to port sude LPM assembly{ies} 11, a craft according to embodintents would tend to rotate {port side
retreats) and also bank to port. Thus, comparmg mputs shown m Figs. 12, 13 and 14 with those
shown m Figs. 15, 16 and 17, it may be recognized that turning (and banking if desired) a craft to
port according to embodunents miay be carried out i several ways, mchiding backing the port side
up or, alternatively as desired, advancmng the starboard side. According to embodiments, both of
these may be camried out while differentially elevating or lowering the height of port side relative to
starboard side with simple mputs and control mechanisms. Agam, it should be aoted that individual
control s 15 may be moved up, down, m. or out at thew forward or aft loci, resulting m a
contmumm of control options affecting mdividual blade foils at any pomt on the elongated loop

path{s) 13.

[0058] Figs. 18 and 19 show vet another configuration with regard to changes m
vertical posttioning of control nnits 13 relative to attaclhunent points of blade foils 12. In this case,
the forward ends and aftf ends of control unifs 15 may be differentially raised and/or lowered relative
to the attachment pomts of the blade foils 12, thereby causing tterations of confrol including nose
high or low, aft high or low as well as twisting attitudes and flight patterns.  According to
embodiments and as shown in, for example, Figs. 6 through 19, mywards and outwards movements of
whole LPM assemblies 11 or ends of LPM assembly{ies) 11 as well as upwards and downwards
movements oy be sipoothly combined with relative andior whole craft power changes to bring

about hnutless contimnumns of configurations, craft attitades {including stable upside down, right side
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up, along with penmutations thereof) as well as various mdividual or combined movements meludmg
hovermg, banking, twisting, prvohing horizontally and verlically, chimbmg, diving, forward, reverse,
and stdeways movements i a contimuum of speeds in these individual or collective drections, or
collections thereof, accordmg to embodiments, and also compensate for load and trun factors of the

crafl, ax desired.

{0059 Figs. 20 and 21 are dlusirations of a smgle LPM assembly 11 w1 bwo different
configuwrations. Fig. 20 shows an LPM assembly 11 whose blade foils 12 may be provided with thew
leading edge high hft devices 22, such as automatically deploving slats, for example, and tratling
edge lugh hift devices 23 amranged along the fop portion of elongated loop path 13 of an LPM
assembly 11 shown not deploved, and therefor m compact configuration, in short span, and
entirely swept leading edge configuration. Such a configuration may be sutted to, for example, a
high speed, low altitude flight mode. As also illustrated clearly m Fig. 20, m one embodiment, the
blade foils 12 may be configured to present swept leading edges along the fop portion of the
clongated loop path 13 and a mwore perpendicular leading edge along the bottom portion of the
elongated loop path 13 as leading edges are effectively exchanged as the blade foils transition from
the upper portion to the lower portion of the elongated loop path 13, An additional confipuration as
illustrated s Fig. 21 shows these blade foils 12 1 ap extended span configuration, which maxinuzes
surface area for increased lifting, propulsion and maneuvering capabilities as well as efficiencies
associated with such increases m aspect ratios. Such a high aspect ratio configuration may be suited,
for example, to high power, low speed flight mode (and may be well suited for lifting heavy loads) or
for high altitude, high speed, hugh efficiency and low power flight modes. The blade foils 12 may be
actuated and caused fo asswume these configurations in any munber of wavs, For example, internal
pressure chasges mav be conunanded by the pilot and/or programmatieally, or such configurations
may be effected auniomatically m response io ambient pressure changes with respect to internal
pressures such as, for example, m lower pressure, high altitude condittons and/or during flights with

additional low density altitude factors present.

[0068] According to one embodiment, one or more blade foils 12 may be removed as
deswred to adapt to certamn conditions, such as reduced power availability. Conversely, accordmg to
one embodiment, blade foils 12 may be added. Such added blade foils 12 may be of the same or
different specifications compared with the existing blade foils 12 at any pomt(s) along the elongated

foop path 13

[0061] Figs. 22 through 24 show one embodiment of a crafi comprising stator vanes
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33, Such stator vanes 33 are representative examples of flow directmyg devices that may be fixed or
movable and that may be configured fo confer protective shuelding effects for moving componenis
such as blade foils 12, control arms 20, contrel wnity 15 and driving tracks 14, ax well as other
supporting, driving and dieching components.  Such additional components may melude, for
example, longitudinal wings, duets, slarts, fences and the like. Moreover, according to entbodunents,
devices such as endplates and winglet-type structures may be provided, either on or near the hlade
foils 12, The stator vanes 33 shown m Figs. 22-24 may be provided and disposed above, below and
between constituent structires of the LPM assembhies 11, The structure and emplacement of the
stator vanes 33 in Figs. 22-24 are shown according to anticipated flows. However, the angles thereof
or any angles as shown in Figs. 22-24 are not 1o be considered as himiting, as those of skill in this ant
mav recognize that there are a wide variety m terms of numbers, shapes, orientations, locations and
combmations of devices such as these that are enabled by compactness, configuration and proximity
of LPM assemblies 11 with respect to the fuselage 10 of a craft according to emibodiments. These
stator vanes 33, which may be static or dvaanucally movable, as well ax other aerodynamie
components may divect flows to combat or neutralize recirculation, to optinuze flows between upper
and lower sections of LPM assemblies 11 and may also function fo reduce noise, heat signature,
turbulence, dust clouds and other wnwanted conditions or byproducts. The stator vanes 33 may,
according to ope embadiment, be used for trinuning purposes, for changing mussion capabilities,
efficiencies and for any other use, mchuding countening of column seithng and other ground effects
encountered with low altitude hovering situations. The stator vanes 33 may also act as bumpers, may
act as deflectors and/or may serve other safety needs mcluding enabling flights right up to and even
against fixed objects, inchnding landmg zones and structures. According to embodiments, the stator
vanes 33 maey also protect the moving elements of the craft from wildhife, wires and wother
encounfered potentially hazardous objects and mayv also protect these elements from damage andfor
destruciion a3 a consequence of encomtermg another craft. Smmlarly, combinations of craft, either
linked or independent of one another, according to embodiments heremn may be used for jout
accomplishment of cerfain nussions, swhiding coordinated lifting of objects, swrveying or other

SSEONS.

[0062] Fig. 25 158 an underside perspective view of an alternate configuration of an
LPM assembly 11 showing drive track 14, blade foils 12 with leading edges 16 and control fines 34,
according to one embodupent.  Fig. 26 is an underside perspective view of such an aliernate

configuration of an LPM assembly 11 showing drive track 14, blade foils 12 with leading edges 16,



WO 2013/188285 PCT/US2013/044956

20

and control fines 34, accordmng fo one embodument. Also shown are partial npper and lower portions
of elongated cone-effect conirol frack, according to one embodiment. Fig. 27 v a side view line
drawing of an alternate configuration of an LPM assembly 11 of Fig. 25, showing forward fainng 35
and aft 35 fammng. according to one embodimient. Indeed, Figs. 23-27 show an alternative
configuration for LPM assenblies 11 and controlling componenmts for a craft accordmg fo
embodiments, as well ax fairings 35, 36 that find utility where the blade foils 12 vy vot be aligned
with flows associated with forward and backwards flighis, such as m transition zones at the forward
and aft extremies of LPM assemblies 11, Fig. 25 shows blade foils 12 that, in contrast with other
embodiments described and illustrated herem, do not trade leading edges for trathing edges ax they
circulate around elongated loop paths 13, Instead, m these confipurations, the blade foils 12 mamtam
the same leading edges all the wayv around elongated loop paths 13, but mav still be controlled
sipularly to other embodiments described bersin.  Significantly, however, upper swrfaces of blade
foils 12 posihioned along upper segments of elongated Ioop path 13 become lower surfaces as they
transtiion around to the lower portion of the elongated loop path 13, While tlus embodiment may be
configured to mamntam leading edges and trailing edges constant all the way around elongated loop
path 13, this embodiment does not mamtam alignment with relative flows and does not keep upper
surfaces of the blade foils 12 oa top and lower sirfaces of the blade foils 12 on the bottom all the
way around elongated loop paths 13, Control mechamsms may be slightly altered relative to other
control mechanisms desceribed and illusirated herem.  According to one embodiment, a control
mechanism may comprise angled control tines 34, which mway be attached to controlling arms for
each mdividual blade foil 12. The angled tines 34 mav be made of or comprise lightweight materials
and may be streamhined for nunmal drag. As such, the control fimes 34 may also serve as additional

aerodyvnamic surfaces configured in winglet-type shapes.

{0063} According to one embodunent, a confrol method may comprise the control
tines 34 mteracting with constraming elongated loop paths 13 attached to a contrel belt umt 15, as
described relative to other embodiments heremn.  According to one embodiment, moving the control
beli 15 towards and away from blade foils 12 alters thew respective pitch angles on the upper
portions relative to the piteh angles of the blade foils 12 on lower portions of elongated loop path 13.
Moving control belt 15 upwards and downwards with respect to the pivit pomts of blade foils 12
canses collective changes to the blade foils 12 along both {fop and bottom portions of elongated loop
paths 13. Thus, mn this configuration and according to one embodiment, moving contrel belts 15

closer and farther from blade foil anchoring points in drive track 14 result in effects smular to the
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effects previously described heremn for another embodiment, which in that case results from moving
confrol elements up and down relative fo blade foil pavot pomts. In other words, the effects are
sumuitar for each embodument, bowever moving control elament in and out changes pitch in all blade
fouls in one embodiment whale m the embodiment 1o Fig. 26, by virtme of leadmyg edges remammg
leading at all points around elongated loop path 13, moving control element i and outwards changes
upper and lower blade foily differenttally relative to one another. In the same way, elevating and
lowering control unifs i the embodiments previously described herein cause differential patch
changes upper clongated loop path blade foils relative to lower elongated loop path blade foils,
whereas in an embodiment of Fig. 27, these confrol element movements cause collective changes to
all blade foil units on the upper as well as lower elongated loop path 13, According to one
embodiment, these effects may easily be counteracted by changing where control tines 34 are located
with respect t pivot points {shown at reference 27 m Fig. 37} of blade foils 12 such that the control
arms are located near the leading edges 16 of blade foils 12 rather than near the frailing edges as they

are shown i Figs. 25, 26 and 27

[0064] Fig. 27 shows examples of fairmgs 35, 36 at the forward end and aft end,
respectively, of an LPM assembly 11 according to one embodiment. The fairmgs 35, 356 may be
configured, according to one embodument, to streambine the entire LPM assemblv{ies} 11 bv
directing flows such that the entire LPM assembly 11 has a wing shape fo angment hit and to shield
the blade foils 12 in the transition areas where they are not aligned with mcoming and exsting flows
at the ends of LPM assemblies 11 during forwards and/or backwards flight duections. It should be
noted that such fainngs may be used with blade foil/LPM assembly confignrations corresponding to
either constant leading edge or changing leading edge with respect to the blade foils. According fo
one embodintent, the fairings 35, 36 mayv be movable {e.z., for controlling andfor trinuning purposes)
and additionally may be used as protective elements and as deflectors for wildhife, debris and

struchires that may be eacountered during operations.

[0065] Figs. 28 through 34 show embodiments in which entire LPM assembly{ies)
11 are configured to selectively move away from the fuselage 10 at a selectable angles.
Embodmments may also ntilize the driving track wheel elements ax fans as shown at reference 31 to
enhance flows while in normal postiion. Moreover, such driving track wheel elements 31 within the
LPM assemblies 11 may be fully or partially aligned with the fuselage 10 in a “feathered”
configuration, such that the driving track wheel elements 31 are configured ax disc fences or anrflow

barriers that keep flows relatively confmed withm an LPM assembly 11 between upper and lower



WO 2013/188285 PCT/US2013/044956

blade foils. The dirvmg track wheel elements 31 may also be deployed as components of mtegrated
power wuts such as turbofans where they miay be configured as bypass fans by themselves or
conjunction with blade foils 12, Fig 29 shows such fan elaiments located only on the mitboard side of
LPM assembhies with wterspersed idler wheels 38, However, they may be located on the mboard
side or both mboard and outboard areas, according to smbodunents, As LPM assemblies 11 are
further splaved cutwards {for exanmyple} at the forward ends, the driving track wheel elements 31 mayv
be exposed to flows associated with forward {and/or reverse} flight directions and may then take on
additional propulsive roles as suggested m Fig. 29. Though LPM assembliex 11 are shown splaved
outwards at the forward end of the crafi shown in Fig. 28, they may also be splaved out at the aft end
mstead. Whether aft or forward, the degree to which the LPM assemblies 11 are splayed outwards
mav be different on the starboard side as on the port side, for a fine-grained control of drifting and
for trinuning for relative winds, for example, among a variety of useful functionalities. Fig. 30 is an
overhead view of LPM assemblies 11 in position agamst a fuselage 10 prior to deplovinent outwards
and also iHusirates the effect of meluding pwltiple stator vanes 33, which leads to near complete

protection of blade foils 12, according to embodintents.

[0066] Fig. 31 shows a craft accordmmg to one embodment, comyprismg LPM
assemblies 11 that are configared to svimetrically {or asvmunetrically, to some exient) splay
outwards at the forward ends. In the farthest left illustration, Iift 1s accomplished almost entively by
LPM assemblies 11 along the entwe length of the fuselage 10 with some possible contribution from
fuselage flows, wilule propulsion 1s still directed ait by at least the blade foils 12 of the LPM
assemblies with possible additional contributions from fan drive wheels 31, as described above. In
the puddie illustration, additional mwovable wmg strut elements 37 (not necessarily drawsn to scale}
are exposed by virtue of thew aft attachments shiding forwards. The dlustration also shows how the
movable wing strut elements 37 may be posttioned to contribute sigmficant Iift, control and structural
as well as acrodynamic stability, according to embodiments. The movable wing strut elements 37 are
shown with “flaperons™ 40 that are condigured to have at least some of the functionality of buath flaps
and ailerons. In the far night illustration of Fig. 31, the movable wimng strut elements 37 are shown to
be both retracted slightlv and extended in span such that LPM asseniblies 11 are now m a position
“over center” while the movable wing strut uaits 37 are shown i a lughbly swept configuration,
which may be well suited to high speed flights, where at least a portion of the propulsion may be
provided by fan drive wheels 31, while the bade foils 12 of the LPM assembly 11 mav be configured

to provide hiff, dmwectional control, and mtch coantrol m conpmction with, or independently of,
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movable wing strut elements 37, accordmg to embodiments.

{0867} Figs. 32, 33 and 34 show various perspective views of a craft aceording to
one emboriment 1w which the LPM assemblies 11 may be spayed to a selectable degree. Fig. 34
shows one embodiment of such a cralt comprising a shide track 41 along the lower side of fuselage
10 confignred tov enable the aft ends of the movable wing struts elements 37 to shide forward as LPM
assemblies 11 are deployved outwards at the forward ends. Such a configuration according fo one
embodiment enables the movable wimng strut elements 37 to gradually assume Ift and control
responsibility, particularly for forward loads while LPM assemblies 11 deploy. m effect, backwards
relative to the craft’s center of gravity. Accordmg to one embodiment, the movable wing strut
elements 37 may be aligned with flow m their “tucked away™ position along the side of fuselage 10

whether they are horizontally oriented or vertically oriented or somewhere i betveen.

[0068] Fig. 35 idlusirates one embodument m which the LPM assemblies 11 may be
canted, for example, LPM assemblies outwards at the lower sides, away from fuselage 10, If
synuneirically deploved, such canted LPM assemblies 11 may exhubit a substantial stabilizing effect
on the craft. If controlled asymmetrically, such canted LPM assembhies 11 may combat diift, may be
used for landing andfor takeoff from slopes and for standoff purposes when operating near structures.
The canted LPM assemblies 11 may also combat recweunlation and may direct flows away from
occupants andfor structures on the ground, as may be desuable. for example, duning emergency
and/or rescue operations. Muoreover, the canted LPM assemblies 11 may also find utility i directing
flows 1o blow smoke, debris or other elements melndmg hguids, gases, wildlife or others. Cantmg
mwards at the botiom may be used to create an enhanced cushion, which when coupled with the flow
skats, fences, ducting structures, stator vanes of fixed or movable variety described herein, may be
used to enhance low energy hovering and/or movement over surfaces such as wce, water sand and/or
vegetation, wiinle controlling dispersion of these elements as well as awr thus accummlated. For
example, such a capability may be well suited to landing operations as well as during transitional
operations such as heavy hfting or transthioning to high-speed fhights. Canting mywards or outwards
at the topsides mayv produce simdar and/or additional functionabiies and are hkewise withun the

scope of embodunents.

[0069] Figs. 36 and 37 show the dynamically conhignrable nature of the blade fouls
12, according fo embodiments, Sach dynamic configurability may be effected on individual blade
foils, on groups of blade foils {e.g., on the bottom portion of elongated loop path or on the fop portion

of elongated loop path 13 or segments of such poriions) or among all blade foils 12 at once. Figs. 36
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and 37 illustrate changes to the chord thickness of the blade foils along the lower portion of
elongated loop path 13 m a port side LPM assembly 11, In Fig. 36 blade foils 12 along the bottom
portion of a port side LPM assembly 11 are noticeably thicker in chord relative to their coumterparts
along the top portion of the same LPM assembly 11, which llustrates the changes that ocowr as a
result of changes to the puich of the control arms affecting the cross section of the blade foils 12
This exanple uiilizes changex to the piich angle to also effeet other changes that contiibute to high
hifi and high propulsion, particularly m the mstance where forward travel slows relative travel
through the awr of retreating blade fials 12 along the botiom portions of elongated loop path 13, Tt
should be noted that blade foils 12 circulate from back to front along the top of an LPM assembly
and front to back along the bottom of an LPM assembly in the illustrations mcluded herein. For
clarity, however i 1y o be understood that the direction of travel of the blade foils 12 may be
reversed, withont departing from the embodiments described aad shown beremn.  Fig. 36 shows
chord thickness changes with changes m pifch angles. However, other changes may occur based on
positions of blade foils 12 along elongated loop paths 13, Other changes may include antomatic or
manual deployments of slats, flaps, fenestrations and the hike, as well ax geometric changes that mayv
be caused to occwr by changing the angle of attack relative to flows occurrmg along fop andfor
bottom portions of elongated loop paths 13, Some of these chaages nwy be effected through changes

in flow patterns as divected by movable stator vanes, among other possibilifies.

[0078] Fig 37 shows finther detailx of one embodiment, m which changes to blade
foils changes may be effected by mechanical component. As showa, a camber adjusting cam 50 may
be affixed to a control arm 2{ to mcrease chord thickness when the eccentric shape of the camber
adjusting cam 50 wedges agamnst mfernal surfaces of a blade foil 12, which also creates a shiding of
upper versus lower surfaces of blade foid 12, Such shding motion mav deploy leading edge slats 24,
traihing edge flaps 25 andfor may expose openings creating the fimctional deplovment of such high-
fift devices. Likewise, other high-lift configurations may be deploved, such as opemngs to enable
higher angle of aftack of retreating blade foils while energizing upper surface airflow to prevent
and/or delay stagnation, turbulence, loss of lanunar flows and stalling of individual andior groups of

blade foils, according to embodiments,

{0071} A craft, accordmg fo embodiments, may be configured to move through a
fhud medimm. The fhud medinm may comprise, for example, air or water. The craft may be
coniigured as a heavier than aw craft. Alternatively, the craft may be configired to be lighter than

atr, by fitting the craft with, e.g., helnun gas-blled compartments. In such a case, the LPM
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assemblies 11 may be prncipally configured for manenvering and propulsion.

{0872} The craft, according to smboduments, may be confimwed with mechanical
hnkages between a control voke and the LPM assemblies 11, Altemnatively and accordmg fo one
embodiment, the coupling may comprise a fly-by-wue system. The craft may be configured to be
autonomoisty or remtelv-piloted. The crafi may be configured, therefore, as a piloted craft or ax a
remofely piloted, sem-apionomouns or fully aufonomous drone. The present embodmments, is
components and methods of use may be used separately or in any number of combinations with each
other. Likewise, mdividually or in combmation with each otber, many of the components and
methods may be used in mwmmerous applications bevond the described primary use of highly
maneuverable fhight, mchidimg vertical takeoff and landmg. For example, the components,
subassemblies, control systems, aerodynanuc systems, methods of powerng and adaptive control
using power direction alone and/or m combination with aerodynamic surfaces described and shown

heremn may be readily applied, as described herem or modified, to applications other than flight.

[0073] While certain embodiments of the disclosure have been described, these
embodiments have been presented by way of example only, and are not mntended to limit the scope of
the disclosure, Indeed, the novel methods, devices and systemns described heremn may be embodied
a varnety of other forms. Furthermore, vanous onussions, substitutions and changes m the form of
the methods and systems descnibed herein may be made without departing from the spiryt of the
disclosure. The accompanying claims and thewr equvalents are mfended fo cover such forms or
maodifications as would fall within the scope and spirit of the disclosiwe. For example, those skilled
i the art will appreciate that m vanous embodiments, the actual physical and logical shuctures may
differ from those shown i the figures. Depending on the embodiment, certain steps deseribed in the
examiple above may be removed, others may be added. Also, the features and atfnibutes of the
spectfic embodiments disclosed above may be combined m different ways to form additional
embodiments, all of which fall within the scope of the present disclosure.  Although the present
disclosure provides certam preferred embodiments and applications, other embodiments that are
apparent fo those of ordinary skill i the art, mcladmg embodiments which do not provide all of the
features and advantages set forth herein, are also within the scope of this disclosure. Accordingly,
the scope of the present disclosure is mtended to be defined only by reference to the appended

clatms.
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WHAT IS CLAIMED IS:
i. A crafi, comprismg:
a fuselage;

a hirst lithing assembly coupled to the fuselage, comprising at least one blade foil, the at least

one blade fuil being configured to travel around an elongated loop path to provide Lift to the fuselage,

wherem the elongated loop path comprises a top portion and a bottom portion and wherein a
leading edge of the at least one blade foil travelling along the top portion of the elongated loop path
becomes the tratling edge as the at least one blade foil travels along the bottom portion of the

elongated loop path.

2. The craft of clann 1, wheremn the hifting assembly 15 finther configured to provide

maneuvering and propulsion.

3. The craft of elaim 1, wheremn the hft is provided in a flind comprising one of aw and

waler.

4, The crait of claim 1, wherem af least one of a pitch and a chord of the at least one
blade foil 1s configured to be dynanucally controllable as the at least one blade foil fravels along the

predefined elongated loop path.

5. The craft of claim i, wherein the first hifting assembly 15 coupled to one side of the
fuselage and wherem the craft further comprises a second lifting assembly, similar to the first hifting

assembly, coupled to another side of the fuselage.

&. The crafi of claim 1, wherem each of the first and second hiting assemblies are
mdependently controllable and movable relative to the fuselage.

-

7. The craft of claun 1, wheremn the furst hifting assembly 15 configured such that the at
least one blade foil 15 coupled to the fuselage by a confrol assembly configured to control a
configuration of the at least one blade foil as it travels around the elongated loop path.

8. The craft of claim 7, wherein the control assembly comprises, for each of the at least
ong blade foil, a control arm configured to change at least one of a chord and a pitch of the blade foil

to which the control arm 1s coupled.

g. The craft of claim 8, wherem the confrol assembly comprises an elongated cone-

shaped control track defining a curvatuwre that is followed by each control arm.
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1 The craft of clamm 9, wherem the control assembly 1s configured fo move the confrol
track sbout x, v and z axes and whereimn the control assemnbly 18 configured to control at least of the
chord and pitch of each blade foil by selectively moving the control track along the x, v and z axes

thereotf.
11 The crafi of claim 1, wherem the elongated loop path s ovaloid-shaped.
12, A craft, comprising:
a fuselage;

a first lifting, propulsion and maneuvering {LPM} assemmbly coupled to one side of the
fuselage, comprising a first elongated cone-shaped countrol wrack or control belt with angled control
elements a plurality of first blade foils, each of which being coupled to the hirst control track or belt
by respective control arms and configured to travel around & fust elongated loop path, a
configuration of the first blade foils bewmng controllable as the contrel arms fellow a curvatwre of the

first control track or belt as the frst blade foils travel around the first elongated loop path.

i3, The craft of claim 12, further comprising a second LPM assembly coupled to another
side of the fuselage, comprising a second elongated cone-shaped control track or contrel belt with
angled control elements, a phurality of second blade foils, each of which bemng coupled to the control
track or bel by respeciive control arms and configured to travel around a second elongated loop path,
a configuration of the second blade foils being controllable as the control arms follow a curvature of
the second confrol frack or belt as the second blade foils travel arcund the second elongated loop

path.

14. The crafi of clamm 13, wherein the firsi and the second LPM assemblies are

configured to be mdependently movable relative to the fuselage.

5. The craft of claim 12, wherem the controllable configuration of the first blade foils
comprises at least one of a pitch and a chord of the first blade foils.

6. The craft of claim 12, wherein the first LPM assembly is configured to be movable
relative to the fuselage along x, v and z axes.

17 The craft of clann 12, further comprising, for each of the fust blade fuils, a coatrol
armn configured to follow a curvature of the first control track or belt to control the configuration of

the first blade foils.
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18, The craft of clanm 12, wherem a configuration of wdividnal ones, groups of or all of

the first blade foils are mdependently controllable.

19. The craft of clamm 12, wherein the first elongated loop path comprises a top portion
and a bottom portion and whersin leading edges of the first blade fuoils travelling along the top
portion of the first elongated loop path become fratling edges as the first blade foils fravel along the

bottom portion of the first elongated loop path.

20. The craft of claim 12, wherem the first elongated loop path comprises a top portion
and a bottom portion and wheremn leading edges of the first blade foils travelling along the top
portion of the fist elongated loop path are mamntained as leading edges as the first blade foils fravel

along the bottom portion of the first elongated loop path

21 The craft of claim 12, configiwred to operate 1 a fhud oredium conmyprising one of aw
and water.

22, The craft of claim 12, wherem the first elongated loop path 1s ovaloid-shaped.

23, A method of moving a craft through a flud mednum, comprising:

moving a plurahty of first blade foils along a first elongated loop path defined adjacent a first
side of a fuselage;
moving a plurality of second blade foils along a second elongated loop path defined adjacent

a second side of the fuselage;

controlhng at least one of a movement and attitude of the crafi by controlling a confignration

of the first and second blade foils.

24, The method of claim 23, wherein the fust blade foils are disposed around the first
elongated loop path such that each leading edge of the first blade foils 1x adjacent to and substantially

parallel with a frailing edge of a next adjacent first blade foil.

25, The method of claim 23, wherein moving comprises causing leading edges of the fust
and second blade foils travelling along the top portions of the first and second elongated loop paths,
respectively, o become trailing edges as the first and second blade foils travel along the boitom

portions of the first and second elongated loop paths, respectively.

26. The method of claum 23, wheremn moving comprises mautaming leading edges of the

fust and second blade foils travelling along the top portions of the first and second elongated loop



WO 2013/188285 PCT/US2013/044956

29

paths, respectively, as leading edges as the fust and second blade foils travel along the botiom

portions of the first and second elongated loop paths, respectively.

27 The method of claim 23, whereinn controlling comprises controlling at least one of a
piteh and chord of the first and second blade foils.

28 The method of clatim 23, wherem controllmg comprises mdependently controlling »

confignration of groups or mdhvidual ones of the fost and second blade fouds.

29. The method of clamm 23, wherem controlling comprises causing respective first
control arms of the first blade foils to follow a furst elongated cone-shaped control track or belt with
angled control elements disposed on the first side of the fiselage and causmg second respective
control arms of the second blade foils 1o follow a second elongated cone-shaped control track or belt

with angled control elements disposed the second side of the fuselage.

30. The nrethod of claim 23, wherem controlling comprises comprise controlling the
configaration of the first blade foils independently of the configuration of the second blade foils.

-

il The method of clanm 23, wherein controlling comprises:

confrolling the first blade foils o assume first configurations while travelling along a top
portion of the first elongated loop path and to assmne second configurations wlile travelling aloag a

bottom portion of the first elongated loop path; and

confrolling the second blade fois to assume first confipurations while travelling along a top
portion of the second elongated loop path and to assume second configurations while travelling along

a bottom portion of the second elongated loop path.

32 The metbod of claim 23, wherem the first blade fods form part of a first hifting,
propulsion and maneuvermg {LPM) assembly coupled to the first side of the fuselage and wherem
the second blade foils form part of a second LPM assembly coupled to the second side of the
fuselage, and wheremn controlling comprises comtrolling a position and ortentation of each of the furst

and second LPM assemblies relative to the fuselage.

33 The method of claim 32, wherein controllmg comprises controlling the furst and

second LPM assemblies independently of one another.
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