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(57) Abrege/Abstract:

A support unit for a structure within a pressure vessel that includes an external load distribution plate, an internal load distribution
plate, a standoff unit between the external load distribution plate and the internal load distribution plate that extends through an
opening In a pressure vessel.
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(57) Abstract: A support unit for a structure within a pressure vessel that includes an external load distribution plate, an internal
load distribution plate, a standoff unit between the external load distribution plate and the imnternal load distribution plate that ex -

tends through an opening in a pressure vessel.
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AIRCRAFT SUPPORT STRUCTURKE
BACKGROUND OF THE INVENTION

LY The preseunt mvention was borne out of frustration with the cost and methiciency of
the airhines” hub-and-spoke transportation model. This model was conceived by the awrhing
imdustry, mitially in an atternpt to restraimn passengers from using mterline transfers to arrive at
thewr destinations. I requires dense concentrations of passengers both at the relatively few hub
facilities and 1n ever larger atrcraft tlying to fewer and fewer destinations. The methiciencies for
the traveler arise out of the time wasted traveling long distances from theiwr trug ornigin to the
large hub or major airport, enduring the lengthy lines at check-in and sccurity check points, and
the ever- longer boarding process on the ever larger awrcratt, In addition, the traveler must often
fly to cities that are well out of the way to his final destination, and transfer with additional
wasted connection times. The result 1s that for short {rips (approxumately SO0 miles) average
speeds reduce to the vicinity of 100 mph, and many longer trips that mvolve just one connection
drop to 200 to 300 mph average. This melficiency raises costs for the consumer, especially
where the metficiencies require overnight stays in order to catch connecting tlights. There 1s an
additional factor which 1s a disadvantage of the current hub and spoke system. The current
system creates large concentrations of people, both at terminals and m over larger aircraft, that
create prime targets for tervorist activity., Larger nurobers of mouch smaller amreratt operating in a
widely distributed transportation system would present a more difficult target for any significant
military or terrorist activity.

G002} (Clearly, there are compelling reasons for wanting an air transportation system that 1s
cconomically supenor to our current awr fransportation system mn acquisition, operation and

maintenance costs.  To be a viable competitor, the system should have true ornigin o true
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destination speeds that significantly exceed current systermn speeds. It should requare no
additional mfrastructure, and 1t should package passengers in small enough units that both the
passenger load and the awrcraft are nuiitartly insignificant targets. To be truly competitive, it
should provide non-stop transcontinental and mtercontinental travel from any local airport to any
other local amport. And ficket prices should be highly competitive with current average ticket
Prices.

{3003 Such a transportation system requires & unique aircraft. it must be capable of
operation  from any current airficld.  Preferably, it would have operating costs well below
current costs and competifive with commercial awrlimers, cruise at  higher system speed  than
current commercal awrcraft, have a longer range with full passenger and luggage load than most
current business aircraft, provide passenger comiort comparable to conumnercial aireraft, and be
capable of all-weather operation. The plane should also provide for casc of maimnienance and

require only a single pilot.

SUMMARY OF THE INVENTION
LHHIEY One embodiment consistent with the present mvention includes a support unit for a
structure within a pressure vessel that mcludes an external load distribution plate, an mternal
load distribution plate, a standoll umit between the external load distribution plate and the

internal load distribution plate that extends through an opening in a pressure vessel.

LHERY in another embodiment, the standoft unit is a tube.
LHIDY In another embodiment, the standott umit imcludes a biasing umit on the standot! unit

that acts to press a washer on o the external load distribution plate to create a pressure tight seal.

tHin in another embodiment, the external and internal plates are made from steel.

b
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{008 in another embodimoent, wherein the external and internal plates are made from
alyminum,
LHEIS in another embodiment, the external and imternal plates are made from different

materials having the same coefficient of thermal expansion as the truss bearns.

G010 In another embodiment, the biasing member 18 a spring.
{B811] in another embodiment, the washer includes a sealing unit that creates a pressure tight

scal between the washer and the standoff unit.

L v] in another embodiment, the sealing unit 18 an O-ring.
{G813] in another embodiment, the exiernal and miemal plates are connected to the standoft

unit by fasteners.
{314 in another embodiment, the opening 1n the prossure vessel 18 sized o accommaodate

cxpansion and contraction of the pressure vesscl.

DESCRIPTION OF THE DRAWINGDS
{301 5] Details of the present mvention, including non-limiting benetits and advantages, will
become more readily apparent 1o those of ordinary skill o the relevant art atfter reviewing the
following detatied description and accompanying drawings, wherein:
LHEY Fi(G. 1A depicts one ecmbodiment of an aircraft consistent with the present invention;
{30171 FIG. 1B depicts a breakaway view of the amrcraft of FIG. 1

{01 8] FIG. 1C depicts a rear perspective view of the rear tuseiage of FIG. 1A;

LHI ] FiG. 2 shows a top perspective view of the truss element;
{320 FIG. 3 depicts a breakaway view of the arcraft including the pressure vessel;

G021 FIG. 4 depicts onc embodiment of one of the plurality of standoffs used fo secure the

PresSSUre vesset;
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{3823 FIG. S depicts the attachraent of skin to the fruss elements;
G023 FIG. 6A depicts the front landing gear affixed to the front bulkhead;
{324 FIGS. 0B-6E depict the front landing gear retracting into the front fuselage;
{GU25] FIG. 7TA depicts the mam landing gear connected to truss clement;
| G026] FIGS, 7B-TE depict the main landing gear retracting into the rear fuselage;
{27 FIG. 8 depicts a heat recovery system used {0 1ncrease the etficiency of the aircraft.
G028 Fi(. 9 depicts a side view of the wing spar of the aircraft of FIG.
{0291 FIG. 10A depicts a tlap control system mchuded o the wing of the aircraft in FIG. |
LLIRT FIG. 10B depicts the flap control system with the plates removed;
G031 FIG. 11 A depicts the flap control system extending to lower the flaps;
{332 FIG. 1B depicts the flap control system extending the flap downward;
{38331 FIG. 11T depicts the Hiap control system as if extends further outwards;
G034 FIG., 11D depicts the flap control system with the foreflap and flap m the full

extended position;

B035] Fi(s. 12 depicts the spotler actuation system used o actuate the spotier of FIG. 9;
{H036] FIG, 153A depicts 4 trim actuator that 18 mechanically coupled to the clevator control

systermn and simularly used in the dorsal fin control system; and

{30371 FIG. 138 depicts an mterior view of the actuator along the hines A-A.
DETAILED DESCRIPTION OF THE INVENTION
LHIRTY The purpose and advantages of the present mvention will be set forth 1n and apparent

from the description that follows, as well as will be learned by practice of the invention.
Additional advantages of the mmvention will be realized and attained by the methods and systems

particularly pomied out m the written description and claims hercol, as well as fromn the



CA 02898492 2015-07-16

WO 2014/113458 PCT/US2014/0116358

appended drawings. The term “top portion” s used herem to roean the portion of the fuselage
farthest {rom the ground when the airplance 18 not in thght and the term “bottom portion” 1S

herein to mean the portion of the fuselage closest to the ground when the airplanc 1s not 1 tlight.

B339 The design of the present mvention makes use of acrodynamic shapes that are
extensively laminar within theiwr Revnolds number operating regime.  Intorsections of wing,
empennage and fuselage are munmimized, eiliptical it profiles are used on all hifting surtaces, and
wing and horizontal tail shapes are approximately elliptical. The fuselage shape 15 derived from
a modified zero camber extensively lamnar airtoil section revolved about the longitudinal axis,
thus making full use of pressure recovery to mininuze form drag. The external acrodynamic
shapces are mostly provided by gloves that fit over the frame of the awrcraft, but are isolated from
the frarne so as to reduce surface wavimess under load to an absoluie romumum. This also
permits easy one piece complete removal of the external skins for mspection of the frame and

frame clements and mamnicnance of the operating systems attached to the frame.

LHIEI The wing structure of the aircratt consists of a box-and-channel structure that extends
across approximately 90% of the span of the wing structure and is open to the rear but stabihized
n compression. The wing structure 18 a cornposite beam with ply orienfation and shape tatlored
to provide structural coupling mn bending and torsion to generate variable wing washout as a
function of bending to it vertical wing Ipading and to provide damping of the major fhitter
modes. Each tail surfaces have sumilar spar-and-glove design to allow for case of inspection of
all primary structure, decoupling of structural deformation from skin surfaces, and casc of

exchange of external skin with new shapes for rapid repair of damaged surfaces as well as
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cxchange of awrfou shapes with updated shapes or different internal systerns should they become

avatiable.

(U411 ] FIG. 1A depicts one erabodiment of an awrcralt consistent with the present mvention.
The awrcraft mchudes a forward fuselage 1, a rear tuselage 2, a mudwing 3, a vertical fin 4, a
ventral fin 5, a horizontal tail & and a pusher type propeller 7. The torward fusclage 1 and rear
tuselage arc covered i an external skin, The external skin may be made of a nigid metal such as,
but not liroited to, an alummum alloy such as alumnur 2024 or alummuam 7078 or any other
rigid material meeting a maxumum waviness tolerance of $.001 mches per inch measured over a

two-inch span.

{42 ] FIG. 1B depicts a breakaway view of the awrcrait of FIG. 1. The frame of the aircraft
includes a forward bulkhecad 8 connected to an upper truss 9 on one end and two lower forward
trusses 10 and 11 on an opposite side of the forward buikhead §. The truss elements 9, 10 and 11
may be box type fruss structures where the ends of the truss elements 9, 10 and 11 taper towards
the forward bulkhead X, providing improved stitiness at the intersection of the truss clements 9,
10 and 11 and the forward buikhead 8. The truss eloments 9, 10 and 11 are made of a rigid
matcrial mnchuding mctal, fiberglass mcluding S glass, or an cguivalent material, Each composite
truss clement 9, 10 and 11 also mceludes a umidirectional upper cap, a urudirectional lower cap
and shear/compression panels connecting the upper and lower caps. The shear pancls may be
comprised of +45/-45/0/90 phics of fiberglass, such as S glass or cquivalent, configured for crush
stiffness when loaded 1 vertical corapression and for the munmimal shear loading reguired by the

triangulated contiguration of the upper and lower caps.
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384 3] Each truss elements 9, 10 and 11 extends from the ftorward bulkhead & to the mam

bulkhead 15 where the truss elements 9, 10 and 11 arc affixed to the main bulkhead 15 by
fastener devices 12, 13 and 14, The fastener devices 12, 13 and 14 may be comprised of
transverse beams which may be formed of metal or a composite such as carbon fiber. Each
fastening device 12, 13 and 14 1s attached to s respective truss elerment 9, 10 or 11 by wrapping
the mner and outer plies of the truss clements 9, 10 or 11 and doubling those plies back upon
thetr outer and mner mating plies, respectively, thus mechanically locking the fastening device
12, 13 or 14 to respective truss clement 9, 10 or 11 around fastening device 12, 13 or 14, Symlar
mechanical locking 1s used on the truss elements 19 and 20 of the rear fuselage. A main
bulkhead transverse beam 16 18 athixed to the exposed portions of the periphery of the mamn

bulkhead 15 and 18 bolted to the truss elements 10 ang 11.

30441 Truss ciement 19 18 athixed o the top portion of the main bulkhead 15 such that the
central axis of the truss clement 19 is substantially co-lincar with the central axis of the truss
clemnent 9. Truss elcment 20 18 athixed to the bottom of the main bulkhead 13, and truss elcments
21 and 272 are afhixed to opposing sides of the mam bulkhead 15, Each of the truss clements 19,
2{, 21 and 22 may be box type beams. Truss clements 21 and 22 are configured to resist lateral

ipads mduced by the vertical fin 5 and to provide support for skin cutouts required for the main

landing gear doors and upper acceess hatches as described mn further detail heren.,

45T Truss clements 19 and 20 extend from the main bulkhead 15 to a rear tail conc 24.
Fach truss clement 19 and 20 15 athixed to the rear tail cone 24 using any known method of
connection such as bolis, rivets or bonding. The upper surtaces, the surfaces facing away from

the center portion of the awrcraft, are coplanar with the surface of the tail cone 24, The truss
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elements 21 and 22 are each atfixed to a rear traverse bulkhead 25, shown i FIG, 1C, and to a
forward traverse bulkhead 26. A box section support 27, shown m FiG. 1C, s positioned
between the rear traverse bulkhead 25 and forward traverse bulkhead 26 on the tail cone 24 o
provide support tor a vertical fin spar 28, A horizontal tail spar 29 15 posttioned between the rear

bulkhead 25 and an elevator bulkhead 34, shown i FIG. 1O,

{3046 A tuel tank 33 1s postiioned adiacent the main bulkhead 15 in the rear fuselage 2. The
fuel tank 33 may be semicircular 1 shape and be positioned above the mud wing 3. The fuel tank
33 18 a scparate replacecable bladder manufactured of a highly damage tolerant composite
structure that is mternal to the fusclage and mounted on top of the wing spar, and 18 outside of
the pressure vessel, Conventional wing tanks are difficult to seal and drain, and they are highly
vitlnerabie to rupture mn a crash due to their exposed disiributed location along the wing span.
With wing tanks, volumetric rearrangement in the event of crash-induced high G force loading 1s
difficult to accomplish duc to the walls of the tankage being part of the primary structure of the
wing. By separably mounting the tank above the heaviest primary structure m the center of the
arrcrall, and by using a moderately volume-methicient shape, volume rearrangement and thus

survivability of the tank 1s enhanced.

G047 FIG. 1C depicts a rear perspective view of the rear fuselage 2 of FIG, 1A, The ymd
wing 3 1s coupled to the main bulk head 15 by the slegve 17, The sleeve 17 18 atftixed {o the
main bulkhcad 15 by a plurality of straps 39, The straps 39 may be made of umdirectional
fiberglass such as 5 glass, or any other matenal capable of securing the sleeve 17 to the bulkhead
15, Each strap 39 extends around the periphery of the siceve 17 such that a first portion of the

strap 39 18 divect contact with the top surface of the sieeve 17, a second portion of the strap 39
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s direct contact with a side surtace of the sleeve 17, and a thard portion of the strap 39 15 in
direct contact with a lower portion of the siceve 17, A first end and second end of cach strap 39

15 atfixed to the main buikhead 15 by any known method of attaching a strap to a bulkhead,

mcluding rivets, boits or bonding.

{3H45] A pusset 40 18 attached to the lower portion of the sieeve 17 on one end and the main
bulkhead 15 on the opposiie end. The gusset 40 may be triangular in shape, with the wider
portion of the gusset 40 connecting to the mam bulkhead 15 and the narrower portion of the
cusset 40 connecling to the bottom surface of the sleeve 17. The gusset 48 acts to transfer
upward icading force of the fuselage to the main bulikchead 15, After installation, the fucl tank 33

shown 1 FIG. 1B may be positioned on the top surface of the sleeve or on a scparate horizontal

panel of transverse beam 37, bonded to the structure.

[ H049] A transverse beam 37 18 positioned on the bottom side of cach truss clement 21 and
22 and the stde surtace of the sleeve 17, Half support ring 18 extends from the top surface of the
transverse beam 37 adjacent to the truss clement 21 to the top surlace of the transverse beam 37
adjacent the lateral cloement 22, The top surface of the halt support ring 18 is substantially
coplanar to the top surface of the truss clements 19, 20 and 21, Full support ring 38 extends
from one side of the truss element 20 to the opposite side of the fruss element 20 such that the
full support element connects {o the truss clements 19, 21 and 22, The top surtace of the full
support ring 3¥ 1s substantiaily coplanar with the top surfaces of the truss clements 19, 20 and
22. Each support ring 18 and 38 18 attached to truss clements 19, 20, 21 and 22 by multi-ply tabs

as previousiy discussed or by any other method of attaching a support ring to a truss. Additional
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tull and half support rings may be provided and athixed to the structure m a manner stmilar to the

attachment of the half support ring 18 and full support ring 38.

LHIRI The horizontal tail spar 29 15 aflixed between the rear bulkhead 25 and the elevator
bulkhead 34. The horizontal tall spar 29 1s a continuous single picce spar that 1s pivotally
attached to the rear fuselage by a pair of bearing units 36 mounted in a bearing carrier 35, The
outer sides of the bearmg carrier 35 are athixed to the rear bulkhead 25 and the clevator bulkhead
34. A tail wheel gusset 30 may be connected to the bottom surtaces of the rear bulkhead 235 and
elevator bulkhead 34 to provide ventral fin and propelier protection from a tail strike due to over
rotation during takeoft or landing. A wheel cxtension arm 31 and wheel 32 are rotatively athixed
to onc end of the gusset 30, An actuator umit 33 18 affixed to the bottom surface of the nose cone
24 between the gusset 30 and the end of the cone 24 such that the wheel extension arm 31 and
wheel 32 can be cxtended and retracted durtng flight. In one embodiment, the tail wheel gusset
30 may be a tail skad gusset and the wheel extension arm 31 may be a skid cxtension arm and the

wheel 32 may be a skad.

LHIRSY Fi(;. 2 shows a top perspective view of the truss element 20, Truss clement 20
mcludes a forward portion 532, a rear portion 554, support uniis 404 and a bulkhead connection
plate 530, The forward portion 552 and rear portion 334 are joimned at center jomt 360 and the
support units 553 are affixed to the sides of the truss element 20 at the center jomt 560. The
forward portion 5532 and rear portion 354 are connected such that the top surface of the forward
portion 552 and the top surface of the rear portion 554 form angle theta. In one cmbodiment,
theta is approxamately 180 degrees. In another embodiment, theta 1s between approxumately 150

and approximately 178 degrees.

10
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{057 The truss element 20 has a box structure with four sides and a hollow center portion.

Openings may be cut along the sides of the truss clement 28 to reduce the overall weight of the
truss clement 28 while also providing support for lateral and vertical loads encountered in fhight,
landing and takeott conditions. The support units 353 extend from the sides of the truss clerent
20 at an angle beta relative to the top surface of the fruss element 20, Each support umt 333
mncludes a connection plate 410 on the end of the support unit 404 turthest {rom the truss element
20. 'The bulkhead conncction plate 550 15 affixed to the front surface of the truss 20. The
bulkhead conmection plate 530 mcludes a substantially arc shaped portion that 18 shaped to
engage a lower portion of the mam bulkhead 15 using connection openings 351, A plurality of

sidewall connection openings 355 are positioned along the sidewalls of the truss element 20 for

connecting a motor mount to the truss element 20.

LHESR] Fi(s. 3 depicts a breakaway view of the aircratt mcluding the pressure vessel, The
pressure vessel 43 18 positioned 1n the forward fusciage assembly 42 between the mam bulkhead
i5 and the nose of the amrcraft. Because of the differing forms of the loads mnduced by local
loading by payloads, acrodynamic loads and ground loads and the distributed loading from
pressurization, pavicad-induced loading 18 applied to the fuselage truss clements 9, 10, 11, 19,
26, 21 and 22, and not the pressure vessel 43, which is 1solated from the truss elements {0, 11,
19, 20, 21 and 22. Isolating the pressure vessel 43 chminates waviness of the external skin duc
{0 pressure detlections as would be the case with a conventional monocoque awrcraft fuselage
structure. Minimal wavingss 1S a necessary criterion for the maintenance of laminar flow over

the fuselage, resulting in corresponding low parasite drag of the fuselage.

il
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354 The pressure vessel 43 1s positioned in the forward fusclage assembly 42 such that it

18 surrounded by the truss elements 9, 10, and 11 and man bullkkhead 13, The pressure vessel 43
15 structuraily 1solated from the truss by padding on the truss eiements 9, 10 and i1 that support
the pressure vessel 43, Vertical deflection of the truss clements 9, 10 and 11 will not couple 1o
the pressure vessel 43, and as a consequence structural loading of the elements 9, 10 and 11 by
pavicads will produce essentially no mnduced loads in the pressure vessel 43, Similardy,
pressurization of the pressure vessel 43 will contribute no loading to the truss elements 9, 10 and
Il i any direction because the two structures are complciely decoupled via the resilient pads.
The pressure vessel 43 18 mdexed to the fruss elements 9, 10 and 11 by a single standott (not
shown) that penetrates the pressure vessel 43 through a close tolerance heole and 1s sealed to
internal pressure of the pressure vessel 43 by a circular sgal that is free to shide in the radial
direction on the standoff. The mdexing standoft (not show} 1s one of a number of standotts that
penctrate the pressure vessel 43 through oversized remforced holes m the pressure vessel 43 and
which carry the lpads sustamed by the fHoorboards, internal panels and other internal
appurtenances through the pressure vessel 43 outwards o the truss clements @, 10 and 11, All
but two of these reinforced holes are loose longitudinal and circumferential fifs to the standotis
to allow for pressure vessel expansion, and thus there 1s only a single longitudinal and

circumierential locating position.

{BU55] The parts of the pressure vessel 43 {orward and aft of an mmdex position are free 1o
expand and contract longitudmnally, circumterentially and radially without coupling any loads or
deflections nte the truss clements 9, 10 and 11 and conversely, truss clement deficctions cannot
produce mduced loading n the pressure vessel 43, The front dome of the pressure vessel 43 1s

an wdeal hemuspherical shape with cutouts for a windshield and windows. Those cutouts are ning
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and strap remnforced to resist the tangential pressure loads, and the panes are coupled fo the

vessel 43 only a radial direction. Theretore, no circumterential loads are transmutied.

{BU56] The differential thermal expansion and the pressure-mduced digphragm deflections of

the panes from the pressure vessel 43 are also reduced by the ring and strap remtorcement. In

conirast, the doors and hatches are sct coplanar to the pressure vessel 43 walls and are fastened in

a tangentially load bearing semi-continuous fashion to the walls of the pressure vessel 43 around

thew enfive carcumierence by means ot the scaling device 67, Internal pressure increases latching
,-,

forces of the doors to the walls of the pressure vessel 43, The doors and hatches are thus load-

bearing clements of the pressure vessel 43,

{3UST] FIG. 4 depicts one embodiment of one of the plurality of standotts used to secure the
pressure vessel. The standoil inchudes two load distribution plates 63 and 69, The external plate
69 18 affixed to a truss element 9, 10 or 11, The mtenor plate 63 18 atfixed to 4 load bearing
structure within the pressure vessel 43, A oyhmdrical standofl 64 has opposing ends fastened 1o
the distribution plates 63 and 69 by fasteners 70, The fasteners 70 are configured to carry the
full load applied to the standofi, and arc held in positioned by a locking mechanisim such as a
tabbed washers, safety wire or any other means of locking the fasteners 70 in place. The
cyhndncal standoil 64 extends through an opening n the wall of the pressure vessel 62, The
opening 1w the wall of the pressure vessel 43 18 sized to accommodate the expansion and
contraction of the pressure vessel 43, and the movement of the pressure vessel 43 during
operation of the awrcraft. Two standofts 64 that arc diametrically opposed, are connected to

openings m the pressure vessel 43 that compensate {or radial expansion and contraction of the
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pressure vessel 43 durning operation, but do oot allow for longitudinal or circumierential

movement of the pressure vessel 43,

58] The openings n the pressure vessel 43 are reinforced by a plate 635 that has a surface
coplanar to the outer surface of the pressure vessel 43, The plate 65 may be made of any
material capable of withstanding tangential loads of the pressure vessel 43 mncluding steel,
aluminum and alloys thercof, carbon fiber, glass fiber, or any other material that can withstand
the tangential loads of the pressure vessel 43, The material of the plate 63 also has thermal
expansion and clastic characteristics comparable to the material used in the pressure vessel 43,
In one embodiment, the pressure vessel 43 and the plate 65 are made from the same material,
The mterior portion of the plate 65 engages a washer 66, The washer 66 includes a eyvlindrical
boss sized to accornmodate a sealing device 67, such as an O-Ring. The sealing device 67
cugages the cvlindrical standott 64 such that the washer 66 18 m direct contact with the
cviindrical standoft 64, A spring 08 positioned between the plate 69 and the washer 66 forces

the washer 66 agamst the plate 65.

{59 The cyhndrical standofis 64 penetrate the pressure vessel 43 through the openings in
the pressure vessel 43 wall which remiforced by the washer 66-spring 68 combination to carry the
tangential pressure mnduced loads. The standotis 64 are fastened to truss elements 9, 10 and 11
as necessary for lpad distribution.  The standotts 64 are pressure sealed fo the wall of the
pressure vessel 43 by means of the washers 66 and spring 67, which bosses are scaled by the
sealing device 67 that scals the washers 66 to the pressure vessel 43 by the washers” 66 flat but
Hlexible surface resting on the corresponding tlat surtaces provided on the nside of the wall of

the pressure vessel 43, The combmmation washer 66 and spring 67 are free to shide both on the
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standott 64 outer diameter and on the flat on the mside of the pressure vessel 43 wall, The
internal drameter of cach opening 1s large cnough with respect to the outer diameter of the
penetrating standofis 04 to allow for all anticipated expansion and contraction of the pressure
vessel 43 and detlections of the truss under load. Using these techniques, the pressure vessel 43
sees only well distnibuted loading due to mternal pressure and 15 completely isolated from
payload-induced lpads and other flight and ground loads. The weight of the pressure vessel 43
itseif 18 supported by clastomeric foam attached to the interior surtaces of the beams of the
forward truss clements 9, 10 and 11, This provides only a padded resting surtace for the exterior
of the wall of the pressure vessel 43, The pressure vessel 43 can be installed and removed from
the torward fuselage 41 as a2 unut, Thas 18 done by separating the forward 41 and rear 42 halves
of the fusclage and mscerting or removing the pressure vessel through the rear opening of the

torward fusclage.

LHigH tThe mternal dimensions of the forward fusclage truss clements 9, 10 and 11 are
shightly larger than the maximum pressurized diamcter of the pressure vessel 43, The truss
clements 9, 10 and 11 are bonded to the exterior skin of the awrcraft, and the skin forms a shear
web between the top truss element 9 and the bottom truss clements 10 and 11, The truss
ciements 9, 10, and 11 arc bonded to the forward bulkhead § in a triangulated tashion, and the
forward bulkhead carries the nose gear loads mio the truss clements 9, 10 and 11, By using
multipic standot! penetrators to carry the loads from mside the pressure vessel 43, to the truss
ciements 9, 10 and 11, a relatively unttormly distributed load on the truss elements 9, 10 and 11
1s achieved. This munmmizes local detlections and high stress pomnts that could mduce
undesirabic waviness into the outer skin of the fuselage. Both the floorboard structure and the

box beams that form the bottom clements of the truss are used as crush structure to manage
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energy absorption to enbhance crashworthiness. The overall aircraft structure 15 designed for 26

g forward ultimate loading.

{3061 The external skin of the forward fuselage 18 composed of a tormed sandwich panel
which 18 bonded to the truss clements 9, 10, and 11, the forward bulkhead ¥ and an attachment
ring at the rear of the forward fuselage. The rear fusclage skan 1s simtlar and 1s bonded to the
upper, lower, and side truss elements 19 and 20, The rcar half of the fusclage contains the main
bulkhead 15, which 1s bonded to the torward ends of the truss elements 19, 20, 21 and 22 and the
rear skin. The sleeve 17 18 bonded to the main bulkhead 15 and to two truss elements 21 and 22
which arc likewise bonded to the skin and to the maimn bulkhead 15. The truss clements 21 and
22 are provided to stiffen the rear fusclage m the lateral divection. This 18 necessary due to the

large skin cutouts for the main landing gear doors and other access hatches,

{062} The truss clements 19 and 20 are single box beams on both top and bottom. All four
box beams and the rear fuselage 43 skin are bonded to the tad cone 24 which cammes the
horizontal and vertical tail surface attachments and bearings. To allow for a shiding seal surface
between the two halves of the horizontal tail and the tuselage, the tail cone 24 15 surrounded by a
removable, mechanically-fastenced fairing that 1s contoured to it the rotational movement of the
imner surfaces of the horizontal taxl. This fawing 1s a replaceable wear surface that provides the

sealing surface for the siiding seal between the horizontal taill and the fuselage.

LHHR] FIG. S depicts the attachment of skin o the truss clements. The forward skim 44 18
bonded to a box ring 49 with a core 38, The rear skin 45 1s bonded to the mamn bulkhead 13, the
main buikhead 15 includes a forward skin 47, a rear skin 48, and a core 46. Doubler plics or

mectal doublers 51 and 52 provide stress distribution of the local loading gencrated by the
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tasteners, 35, There are a multiplicity of {fasteners distributed curcumierentialiy around the box
ring 49 ¢ provide a semi-continuous engagement between the torward skin 44 and the rear skin
45. 'The fasteners 55 are shoulder bolts that provide shear coupling between the skans, as well as
adequate tensile coupling. The fasteners 55 are threaded into a sealed nut plate 53 with a counter
bored section to engage the shoulder of the fastener 33, To prevent crushing of the core of the
main bulkhead 15, a tubular standott 1s bonded to the forward skin of the bulkhead, 47 and the
rear skin of the bulkhead 4¥. This allows the fastener 55 to load the forward bulkhead skin 47
against the rear doubler 52 the rear fusclage skin plies 45 the box ring phies 49 the forward
tuselage skin phies 44 and the forward doubler 531 stacked m that order without crushing the main

bulkhead core 46 or the box ring core 3{.

{3U64] FIG. 6A depicts the front landing gear 43 aflixed to the front bulkhead ¥, The
landing gear 43 may be an oleo type trathing hink landing gear. FI{. 6B-0E depict the front
landing gear retracting into the front fuselage. Fi(. 6B shows the landing gear 43 in the fully
extended position. The front landing gear 43 mcludes an actuation device 612, a wheel 602, a
swing arm 604, a lorward lnk arm 606, a honzontal hinged plate 608 and an oleopnecuratic
cviinder 610, The swing arm 604 includes two parallel plates with one end of cach plate being
connected to the wheel 602 by an axie that passes through the center of the wheel 602 and
through corresponding operings i the plates of the swing arm 604. The other end of the swing
arm 604 opposite the wheel 602 1s rotatively coupled to the forward hnk arm 606 by a pm 610

that allows the swing arm 604 to rotate relative to the forward hink arm 686,

| 3U65] The hinged plate 608 1s rotatively coupled to the bulkhead X by huinges 612 connected

to the bulkhead 8 such that the plate 608 1s pulled towards the bulkhead ¥ as the landing gear 43
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1s moved to the retracted position and the plate 608 15 moved to a position substantially
perpendicuiar to the bulkhead ¥ when the landing gear 43 15 fully extended. The olcopneumatic
cyimnder 610 may be a hydraulic and air filled cyviinder. The olcopncumatic cylinder 610 has a
first end conncected to the swing arm 604 between the wheel 602 and the forward hink arm 606.
in one embodiment, the oleopneumatic cylinder 610 18 connected at approximately the center of
the swing arm 604, The oleopneumatic cyhinder 610 passes through the plate 608 allowing the
second cnd of the olcopneumatic cylinder 618 to rotatively connect to the bulkhead 8 such that
the olcopncurnatic cvlinder 610 rotaies towards the bulkhead ¥ as the landing gear 43 18
retracted. The torward hink arm 606 1s rotatively connected to the oleopneumatic cylinder 616 at
a position just below the plate 608, The actuation device 612 1s rotatively coupled to the
bulichead ¥ by a hinge and to the plate 608 by a hinge. The actuation device 612 inchudes a base
portion 614, The actuation device 602 may be a hydraulic actuator, a lincar actuator or any other

device capable of retracting and extendmg the landing gear 43,

G066} FIG. 6C depicts the landing gear 43 as the landmg gear 43 1s retracted mto the
fusclage. The actuation device 612 18 activated such that the extension arm 614 retracts o the
actuation device 612 pulling the plate 60X towards the bulkhead X, As the plate rotates towards
the bulkhead 8, the forward hink arm 606 rotates towards the platc 608 and the swing arm 604
rotates towards the forward link arm 606 pulling the wheel 602 uvpward. FIG. 6D depicts the
landing gear 43 retracting mnto the fuselage. As the actuation device 612 continues to pull the
extension arm 614 nto the base 600, the plate 608 1s pulled turther towards the bulkhead 8
causing the oleopneumatic cviinder 610 to rotate upward, and the extension arms 644 and 606
rotates towards the plate 602 pulling the wheel 602 upwards mio the fusclage. FIG. 6E depicts

the landing gear 43 fully retracted mio the tuselage. The landing gear 1s extended by extending

i¥
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the extension arm 614 out of the actuation device 612 such that the plate 608 rotates away from

the bulkhead 8.

{3867 FIG. 7A depicts the rear landing gear 700 connected to truss element 20, The rear
landing gear 700 includes two frames 702 that are cach substantially A-shaped. Each frame 716
1s rotatively atfixed to a side of the truss element 2O by a pin. Each frame 7106 18 also rotatively
conncected to a trailing hink 704 by a pivot joint 706, The pivot jomt 706 1s sized o
accommeodate an end of the frathing link 704, A pin 708 passes through both sides of the pivot
joint 736 and the trathng hok 704 to secure the tratling hink 704 m the pivot jomnt 706, The
opposiic end of the tratling link 704 1s connected to a wheel 710 and onc end of a cviinder 712,
The other end of cach cvhinder 712 1s rotatively connected to a support unit 553 on the truss

clernent 28 via a universal jomnt.

{H06K] Fach frame 702 includes an overcenter locking urat 714 that 18 configured to secure
the frame 1 a fully extended position and a support plate 716 rotatively connected to the truss
clement 20 by a hinge. The end of the locking unit 714 furthest from the truss clement 20 1s
rotatively coupled to the end of the support piate 716 furthest from the truss clement 28, Each
locking unit 714 18 separated mto two sections by a pin. The cylinder 712 may be an hydraulic
miston filied with a hydraulic thud and awr. The cvlinder 712 includes a cvhmder body 718 and

rod 720 extending from the cylinder body 718.

{3069 FIG. 7B depicts the rear landing gear 700 1o the tully extended position. The locking
units 714 are fully extended such that the support plate 716 1s substantially perpendicular to the
side of the truss element 20, Fi(. 7C depicts the rear landing gear 700 retracting into the

fusclage. A retraction cyhinder folds the lockang uniis 714, pulling the support plate 716 upward.
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As the support plate 716 moves upward, the two portions of the locking unat 714 rotate about the
pin, separating the two portions of the locking unit 714 such that the two portions of the locking
untt 714 move towards gach other. The movement of the cvhinder 712 causes the trailing link

~7
!
!

704 to rotate towards the truss element 20, bringing the wheels 710 towards the fuselage.  FIG.
70 depicts the rear landing gear 700 turther retracting o the fuselage. As the support plate 716
continues to move towards the truss element 20, the cyhinder pulls the wheels 710 nto the

>

fuselape.

LNl FIG. 78 depicts the rear landing gear 700 fully retracted into the fuselage. The rod
720 1s fully extended out of cylinder 712, and the support plate 716 and the central axis of the
wheel 710 both are substantially paralicl to the side of the truss element 20, The two portions of

the locking unit 714 are separated by an angle with the angle bemg less than 90 degrees.

{3071 Propulsion of the awrcraft may be provided by a fixed-pitch eight blade composiic
blade propeller mounted at the rear of the tuselage on the centerline axis. The propelier awrtorl
sections and section mcidence angles are conligured to provide maxumum etficiency at cruise at
SH,000 £, altitude and above. Propelier diameter 15 also optimized for the high altitude cruise
environment and as a result essentially chiminates supersonic blade velocitics during low alfitude
operation. The optimum propelier diameter s shightly smaller than maximum fuselage diameter

which comcidentaliy reduces the probability of bird strike and other foreign object damage.

{GO72] The propeller 15 connected to two engines by a drive shaft extending {rom the ocutput
shaft of a gear box. The engines are Lgud-cooled diesel engings driving forque converters
connected to the gear box. Multi-stage turbo charging 18 provided to compensate for altitude and

to provide cabin pressurization. Engine heat exchangers, turbo chargers and intercooler heat

24
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cxchangers are all mounted m ducts conltigured to provide thermal recovery of wasie heat for
supplemental propulsion. Engine exbaust 1s likewise used 1n the rear of the same duct to provide
an injection pump function both for cooling air circulation during low speed operation and to

provide additional thrust during thight.

LHINE] The torgue converters are provided to isolate the propeller, drive shatt, and gear box
from periedic varnations of engine torgue and to provide for necessary torque multiphication
required by the propeller during low speed operations.  Traditional propeller and engine
combinations provide no vibration isolation and match engine torque output to propeller
demands by varying the piich of the propelier to reduce the propelier torque demand. This
results in much higher propeller speeds during near ground operations, and consequently much
greater noise output, and 1t also results m a propelier arfoll and pitch distnibution that 18 never
optimum. The use of torgue converters without lockup clutches allows an engine shutdown 1o
disconnect the moperative engine from the driveshatt and propeller. In the event that both
engines are shut down, the propeller 18 completely disconnected from both oengines. Aliernators
and emergency cabin pressurization reman connected o the dnive shaft and are driven by the
wind mulling propeller. This s the only external mechanical drag load applied to the propeller

aside from bearing friction and freewheching transmission friction.

{37 4] FIG. X depicts a heat recovery system 800 used to increase the efficiency of the
atrcraft. Cooling air 18 mitroduced to the heat recovery system 880 from ducts 802 located on the
exterior of the aircraft. The ducts may be NACA submerged ducts. The air mtroduced via the
ducts 802 passes over a {first heat exchanger 804, The first heat exchanger 834 provides ¢ool

thad used to cool the air bied from the turbo charger used o pressurize the cabin, The air then

21
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passes over a second heat exchanger 3006 that provides coolmg liguid for the mtercoolers that
cool the engine air intake. The air then passes through a third heat exchanger 80X that cools the

iquid from the engine jacket.

{GU7 5 After leaving the third heat exchanger N0, the air passes across the turbo chargers
10, The output of the turbo chargers 810 are connected to the manifold 812 and intercoolers of
the engine to provide compressed air {o the engine to mcercase the thrust produced by the engine.
The turbime exhaust of all turbo chargers 158 combined mto a single fubular exhaust pipe K14
which combines with a convergent part of the duct 816 10 form an injection pump that mixes the
turbine cxhaust with the heated cooling air flow and then flows through a nozzle to provide
additional thrust. In one embodimcent, the thermal recovery system 800 generates an additional

5-6 pounds of thrust.

{7 6] FIG. 9 depicts a side view of the wing spar 900 of the awcraft of FIG. 1. The wing
skin 902 and a sleeve 904 are bonded to the skin 902 at upper and lower surfaces and at corners
Q06 of the sleeve 904, The sleeve 904 15 a tight 11t to the wing spar 900 and 1s pinned to the spar
9034 at the wing root by a pin located on the neutral axis of the spar 900. A spouer 910 and vent
912 arc provided for roil control and flight path control. The spoiler 910 and vent 912 are hinked
to open together to provide a slot lip type atleron. The wing skin 902 1s bonded internally o the
sieeve 904 such that the skin 904 that shps over the sutside of the spar 900 to form a close it to
the spar 900 that 18 free to shide n the span wise direction to accommodate flexure of the spar
900, In onc embodiment, the skin 902 1s fastened to the spar 900 at the wing root only. By
securing the skin 802 to the spar 900 at the wing root only, the skin 902 15 solated trom the spar

Q00 1m order to mmnunize skin 902 buckling due to bending and to allow for quick replacement of
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damaged skin sections 902, case of updatmg of wing systems and airfoil shapes, and guick

instailation and removal for 1nspection of the spar 900 structure and the {lap and spotler systems.

{8771 FIG. 10A depicts a Hlap control systemn 1000 mcluded m the wing of the aircralt in
Fi{y. 1. The flap control system 1330 mchudes a phluraiity ot control stations 1031 that cach
includes a pluraiity of plates 1002, 1004, 1006 and 1008 connected together by fastencrs 1010
passing through the comners of cach plate. Each plate 1002, 1004, 1006 and [100¥ includes an
operung 1012 that 1s sized to accommodate a drive shalt 1014, Each station 1001 1s secured to
the wing spar 900G, The drive shatt 1014 extends the length of the wing and 18 connected {0 cach
control station 1001, The plates 1004 and 1006 have a length longer than the plates 1002 and
1008, One end of the plates 1004 and 1006 mcludes an operung 1016 that 18 sized and shaped to
accommodate a fore tap 1018, The fore tlap 1018 15 connected to a tlap 1020 by a {lap plate

{not shown ).

ik FIG. 10B depicts the Hlap control system 1000 with plates 1002, 1004 and 100X
removed. A chain 1030 18 driven by the drive shaft 1314 connected to a sprocket 1032 that
wraps around idler gears 1054 and 1036, The dnive shaft 1014 rotates both clockwise and
counterclockwise to drive the chamm 1350 m both forward and reverse directions to extend and
retract the flap 1020, The cham 1050 18 tensioned by the idler gears 1034 and 1056 and 18
attached to chamm shoe 1058, The cham shoe 1058 1s positioned and shides n slot 1060 on the
inner surface of plate 1008 and is rotatively connected to one ond of a support arm 1062 such
that the chain shoe 1058 rotates relative to the support arm 1062, The opposite end of the
support arm 1062 connects to the {oreflap 1018 through a slot 1064, A sccond shoe 1068 18

connected to the support arm 1062 at approxiumately the center of the support arm 1062, The
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second shoe 1068 1s posttioned and shdes 1o slot 1070 m plate 100K, Slot 1070 s substantially
are shaped and 18 positioned {o allow optumum positioning of the flap 1020 or foreflap 1018 with
respect to the wing., A hink arm 1072 1s substantially ‘U’ shaped and 1s connected to the second
shoe 1008 at substantially the center of the hink arm 1072, Onc end of the hink arm 1072 18
coupled to a third shoe 1074 that 1s positioned and shides i a slot 1076, Slot 1076 18
substantially arc shaped and 18 positioned below the slot 1078, The end of the hink arm 1072
opposite the end connected to the third shoe 1074 1s connected to ikt arm 1878, The end of the
tit arm 1078 not connected to the link arm 1072 18 connected to the lower portion of the flap

plate 1066 at a position below the connection of the support arm 106X {o the tlap plate 1066,

LHin'] FIG. TEA depicts the flap control system 1000 n the retracted or zero degrec position.
The chain shoe 1358 1s posihioned adjacent o the idier gear 1056 m the slot 1060, the thard shoe
1374 1s posttioned near the bottom edge of the plate 100X 10 the slot 13706 and the tdt arm 1078 1s
in 1ts full retracted position. FiG. 11B depicts the flap control system 1000 extending the flap
020 downward., The sprocket 1052 drives the chamn 1060 moving the sprocket 1052 towards
the tlap 1020, As the sprocket 1038 moves, the support arm 1062 pushes the toretlap 1018 and
the flap 1020 outwards. As the support arm 1062 moves, the hink arm 1372 moves in the slot
{076 pulling the tilt arm 1078 mwards causing the flap plate 1066 to rotate m a clockwise

TaBHNCY,
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