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An ultralight aircraft of lightweight minimal construc-
tion includes a collap51ble RogaIIo type wing from
which a hang cage is suspenk by a main hinge assem-
bly. The wing includes a’l gitudinal keel of light-
weight tubular constructi n,leading edge members and
a cross brace. A ﬂex{ble\\hftmg panel is secured along
and between the wmg members to define a lifting sur-
face. The hinge includes & pltCh hinge bracket having an
upper longltudmal’sleeve in which the keel is clamped
A ball joint conh\eé;joh secured to the bracket is con-
nected to up \'ard;ly “extending hang cage struts by
means of hinge cpnnecting plates to permit free rotation
of the wmg out a spanwise axis extending longltudl-
nally throb\g}i ‘the cross brace. Rotation of the wing
w1thout pilpt intervention induced by posmve or nega-
tive )Wmil\gusts striking the flexible wmg panel causes
the ahg}ebf incidence between the wing and hang cage
to vary' (s6 that the wing presents a relatively constant

) ngle of attack to relative wind enabling the aircraft to

essentially stall free during flight. A cable and

spréader tube arrangement interconnecting forward

nd trailing ends of the keel to the cross brace under-
goes tension and compression loading to distribute
bending stress acting on the keel during excessive wind
loading to other parts of the aircraft.

16 Claims, 7 Drawing Figures
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1

ULTRALIGHT AIRCRAFT WITH FREELY
ROTATING WING

TECHNICAL FIELD

The present invention relates to aircraft and, more
particularly, to an ultralight aircraft with a foldable
flexible wing free to rotate about a spanwise axis to
maintain a constant angle of attack with relative wind.

BACKGROUND ART

The ultralight aircraft industry has experienced con-
siderable growth in recent years since ultralights are
relatively inexpensive compared to single engine gen-
eral aviation aircraft, easy to fly, usually run on ordi-
nary automotive fuel, and often require only an 80 foot
pasture for a runway.

Generally, an ultralight aircraft comprises an open
hang cage formed from high grade aluminum tubing in
which a pilot sits on a canvas seat. A small engine, such
as a two cycle-twin cylinder engine, is supported on
engine mountings behind the pilot. A fuel tank is
mounted to the hang cage above the engine. The wing,
which can be rigid or collapsible (i.e., a Delta or
Rogallo type wing such as the type described in U.S.
Pat. No. 2,546,078 to G. S. Rogallo et al) is usually king
post and cable braced to the hang cage, or strut braced.
With this construction, an ultralight is of minimal
weight to reduce take off and landing distances while
maintaining reasonable power requirements by permit-
ting the carrying of sufficient fuel for a useful operating
range.

A flexible wing construction is one wherein the wing
has a central longitudinal keel with leading edge mem-
bers extending outward and rearward from a forward
end of the keel, with lifting surfaces taking the form of
flexible panels, usually fabric, of generally a triangular
shape secured along the keel and leading edge members;
and extendmg therebetween. One disadvantage of ti
construction is very low wing loading capability,
lack of safe operation under turbulent condition:
deed, pilot discomfort is often so pronounced, thay/com-
fortable or even safe operation of ultralights n must be
limited to early morning and late afternoon pei‘tods, to
avoid thermals, or relatively calm days wh wind is
low. Otherwise, subjecting these axrcraft o\grust loads
may structurally damage the wing,” oft
results.

One method of avoiding excessive wuig loading is by
attaching the wing to the hang cag fuselage so that
the wing is free to pivot about q~s}5\ wise axis forward
of the aerodynamlc center of the wing. Thus, so that the
wing is subject to only aemdynamxc pitching move-
ments imposed by wing Lift; anﬁ drag. Among the vari-
ous advantages realized whent employmg a free wing
are alleviation of gu ads, simplicity in fuselage or
hang cage design, exten on of travel limits for center of
gravity, improved | ‘§e ge or hang cage attitude trim,
g cage rotation at lift off and land-
g loading is also avoided since the
. center of pressure of the wing automati-
cally shifts as the wing interacts with changing relative
wind (e.g., wind gusts); in other words, the wing pitches
up or down to maintain a constant angle of attack to
avoid excessive wing loading and enable stall free flight.

For rotatability, free wings must be hinged to the air
frame or hang cage and supported thereon in a spanwise
or longitudinal plane. However, known hinge construc-

aud‘ -

2

tion techniques of which I am aware generally utilize

rather complex and expensive hinging mechanisms,

such as is disclosed in U.S. Pat. No. 3,361,388 to Girard

et al. Furthermore, since the free wing is still subject to
5 bending stress transmitted by the flexible panels to the
keel, prior art aircraft of which I am aware generally
utilize structurally complex or heavy keels capable of
absorbing bending moments, such as a rigid box spar
keel member disclosed in U.S. Pat. No. 3,140,842 to
Craigo et al or the rigid, solid keel disclosed in the
above patent to Girard et al. These prior art( (keels and
the complex mechanisms used for hmgmgsame“to the
air frame are expensive and unnecessarlly\mcrease air-
craft welght @)

10

aircraft as well as for conventlonal aircraft.
1t is another object to provxde a “free wing for ultra-
light aircraft having 1mproved ‘gust alleviation charac-
teristics.
A further object of the\mventlon is to provide an
effective means for, gmg' a wing having a light
weight tubular keel of hollow construction to a hang

cage so that the wing/ is free to rotate in pitch.
Another object of the invention is to provide a free
wing wherein bend}/hg\loads acting upon the keel of an
ultrallght alrcr\af% -aréconverted into tension and com-
ad stf‘lbuted to other structural parts of the

25

bject of the mventlon is to provide a free
wmgm anvultralight aircraft utilizing a simple, i inexpen-
sive \ yét teliable hinging mechanism for securing the
35 wirlg to'the aircraft.
_~Yet another object is to provide a free wing in an
Cultralight aircraft wherein the sole connecting structure
tween the wing and hang cage is the hinge mecha-
nism permitting rapid detachment of the wing from the
0 hang cage.
DISCLOSURE OF THE INVENTION

An aircraft according to the present invention, espe-
cially an ultralight aircraft, comprises a hang cage hav-
ing plural tubular members connected to define a base
frame for seating a pilot therewithin and further in-
cludes at least one upwardly extending strut for secur-
ing the hang cage to the wing. The wing has a longitudi-
nal central keel and leading edge members connected to
and extending rearwardly from a forward end of the
keel. A flexible lifting panel is secured along and be-
tween the keel and leading edge members to define a
lifting surface. A pitch hinge bracket is attached to the
upwardly extending strut and includes a sleeve receiv-
ing a portion of the keel therewithin. The hinge bracket
is located forward of the aerodynamic center of the
wing, and permits the wing to freely rotate without
pilot intervention about a spanwise axis extending gen-
erally perpendicular to the keel longitudinal axis so that
the flexible lifting panel maintains a substantially con-
stant angle of attack irrespective of abrupt changes in
relative wind tending to be caused by wind gusts.

To minimize aircraft weight, the keel is preferably
formed as a light weight tubular, somewhat flexible
member of hollow construction. A pair of cables are
connected at their opposite ends to forward and trailing
ends of the keel and respectively pass through lower
ends of spreader tubes inclined outwardly and down-
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wardly from the keel. Each spreader tube is maintained
in an inclined position at a predetermined angle to the
keel by a support tube fixed at a lower end thereof to a
lower end portion of the associated spreader tube and at
an upper end thereof to the wing crossbar. Each cable
and spreader tube arrangement operates to distribute
bending stress loads transmitted to the keel by relative
wind striking the flexible lifting panel to the wing cross
brace.

5

4

showing the wing pivotally connected to the aircraft
hang cage;

FIG. 2 is a side elevational view of the ultralight of
FIG. 1 illustrating the positioning of a cable and
spreader tube arrangement used to minimize bending
stresses acting on the keel caused by relative wind,;

FIG. 3 is a sectional view taken along the line 3—3 of
FIG. 1 showing a detailed view of the pitch hinge
mounting bracket connecting the wing keel to up-

Each spreader tube and cable arrangement respec- 10 wardly extending struts of the hang cage;
gy i common v i vty fom 1G85 st v tn o s e s
the cross brace by an angle of approximately 45°. )
The pitch hinge bracket preferably includes a longitu- mounting bracket and ball joint connectlop plvmtally
dinally extending upper sleeve member integrally connecting the wing to the hang cage; \
formed with a pair of longitudinal parallel bracket arms 15 FIIC:}‘IC; Si ‘Sfa Sﬁcnoﬁ’al view t}é:kebn ﬁlong the I line 5—5 of
extending downwardly therefrom. The sleeve defines a to turther 1llustrate the ball joint connection;
longitudinal mounting channel receiving the keel in hFIG 61;:;‘(} palrtlal cllaerspectlve view fthe hang cage
clamping engagement. A ball joint connection is lo- % %YCII} “7‘ 2 eide :lI:watlon I view = £ a)second embod
cated between the bracket arms defining a rotational 20 ment of the oresent mventz:oni %oéje:;) alt:-natwlé
axis being generally paraliel to the §panwise axis about means for dll;trlbutm negativ Ye l§en din moverrlnents
which the wing rotates. The ball joint connection in- t the keel 1 gt n & s of th 2
cludes a spherical ball carried on a stub shaft extending acting on the keel to other par Y e wing.
transversely between the bracket arms. A rod end bear- BEST MODE FOR CARRYING OUT THE
ing shaft, an upper end of which has a socket with a 25 INVENTION
concave cylindrical track surrounding the spherical
ball, includes a lower shaft portion affixed to the up- froIl{Ifffiﬂll::i t;)s Tﬁq{fél2\!r;:;isgefiorggr;se;z,nmzlgn;
warc.lly extending hang cage strut through a hinge con- assembly 11,a hangeage 15 to carry a pilot (not shown)
necting .pl.at?' . . . in seat 16 or carrymg ome other suitable payload. Wing
To minimize negative bendm.g moments acting on t.h €30 12isof a flexible g construction, such as a collaps-
!(cel caused by downwardly directed wind gusts strik- ible Rogallo type-wing illustrated in the drawing, hav-
ing the upper surface of the flexible wing panel, the ing a tubular, longitudinal keel 18, with leading edge
preferred embodiment of the invention pr9v1des asingle members 2& ez{tendmg outward and rearward from the
spreader tube connected to extend vertically upward forward en&, ;1 thereof. The lifting wing surface is a
from the keel. A cable passing through the upper end of 35 flexible/panel 22a (FIG. 1 only) of generally triangular

the spreader tube is connected at opposite ends to for-
ward and leading ends of the keel so that as bending
moments occur, the cable tensions to absorb stress
which is then transmitted to the spreader tube which

shapé secured along keel 18 and leading edge members
Xtendmg therebetween. Leading edge members
their forward ends, preferably have pivotal con-
“tions 22 at front end 21 of keel 18 to facilitate folding

loads in compression so that the keel experiences only 4Q
minimal stress loading.
In a second embodiment of the invention, the uppe;

and are held in an extended position by a pair of cross
“bars 242 and 24b extendmg transverse from the keel. As
V illustrated in FIG. 4, inner ends 25z and 25b of cross

cable is replaced by a pair of reinforcement tubes capa-
ble of loading in compression or tension to mmlmize
stress loading of the keel should either upward-s
downward wind gusts strike the flexible wing, pane .In
this embodiment, the two lower spreader tube ¥ \ay be
eliminated since both positive and negatwe lgads are
absorbed by the reinforcement tubes. Alte; lat

45

bars 24a, 24b respectively face each other and are rig-
idly connected together with connecting bracket 28 and
bolts 28’ and to pitch hinge bracket 26 receiving keel 18
by means of a single bolt 29. Flying wires 23 extend
from outer ends of the cross bars for connection to hang
cage 15 to maintain the wing in expanded position and
absorb bending loads acting on the cross bars during

two lower spreader tubes can remain, 50 flight.
replaced by tubing. In such a case the RPPCT spreader Hinge bracket 26 forms a part of main hinge assembly
assembly could be eliminated. 11 connecting wing 12 to hang cage 15 in the unique
Still other objects and advantages-p the present in-  manner described below so that the wing is free to
vention will become readily apparent to those skilled in  rotate without pilot intervention about a span-wise axis
this art from the following detailed description, wherein 55 32 extending longitudinally through cross bars 24a, 24b.
I have shown and described onlythe preferred embodi- Rotation of wing 15 without pilot intervention induced
ment of the invention, sxmpi by way of illustration of by positive or negative wind gusts striking flexible panel
the best mode contemplated by me of carrying out my 22 causes the angle of incidence between the wing and
invention. As will be realized, the invention is capable hang cage 15 to vary so that the wing presents a rela-
of other and differedt-embodiments, and its several 60 tively constant angle of attack to the relative wind en-
details are capable ¢f-modifications in various obvious abling aircraft 10 to be essentially stall-free during flight
respects, all without-departing from the invention. Ac- and capable of dumping excessive wind loadings from
cordingly, the drawing and description are to be re- the wing to avoid structural failure thereof and to in-
garded as illustrative in nature, and not as restrictive. crease pilot comfort in turbulence.
65  Hang cage 15 comprises a pair of longitudinal, paral-

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a front plan view of an ultralight aircraft
constructed in accordance with the present invention

lel tubular members 34 interconnected at opposite ends
by forward and rear cross tubes 36 defining a rectangu-
lar base frame 30. Projecting downward from forward
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ends of members 34 is a U-shaped nose wheel landing
gear leg 38 rotatably supporting a nose wheel 40 at a
lower apex thereof. A cross brace 42 interconnects
intermediate portion of legs 38 between lower apex 384
and upper ends 386 for maximum strength. A pair of
main landing gear legs 44 and 44b extend vertically
downward from rear ends of tubular members 34 re-
spectively to rigidly support an axle 46 carrying a pair
of main landing wheels 48 at opposite ends thereof.

Main legs 44a and 44b are reinforced by support struts 10

50 inclined upwardly and forwardly to connect lower
ends of the main legs to frame members 34 with brack-
ets 52. A seat 54, preferably of canvas or like material,
is slung between members 34 and supported at forward
and rear ends by forward cross tube 36 and a cross
support tube 56 supported between members 34 on
U-shaped bracket 57.

The above structural members defining hang cage 15
are basically tubular for minimum weight with maxi-
mum strength and utilize U-shaped brackets (e.g., 52)
and quick release pins 58 to simplify interconnection
and rapid disassembly of the various components. How-
ever, it will be appreciated that other types of fuselage
can be suspended from wing 12 by hinge 11 without
departing from the invention.

To interconnect hang cage 15 to wing 12 in the
unique manner below, four of hang cage tubular struts
60a, 60b, 60c and 60d are respectively connected to
forward and rear ends of members 34 with brackets 53
and pins 58 and converge upwardly therefrom to a
point above seat 54 where upper ends 614, 615, 61c, and
61d of the struts are each respectively fixed to a lower
trigangular flange skirt portion 62 of a pair of hinge
connecting plates 63 with bolts 64 (see FIGS. 3 and 4).
Extending upwardly and forwardly from lower ends of
member 34 is a pair of engine support struts 66 con-
nected together at upper portions thereof with a plate

68. The plate 68 defines the apex of a triangle formed by

these tubes and acts as a wing stop, i.e., preventmg ke

18 from intersecting with the prop disc. A pair of sn;j {

port tubes 70 are inclined forwardly to interconti
plate 68 to upper ends of hang cage rear struts 60c c
60d with brackets 72 at a pomt beneath hmge plates 63.
Engine mountings 72a carrymg an engine 73 and fuel
tank mountings 74 carrying fuel tank 75 & f;)(ed to

support struts 66 to support the engine and‘iax;k behind
seat 54. Engine 73, which is illustrated as a'$mall inter-

~

nal combustion engine driving a pusher propelier 77, is
supplied with fuel from tank 75 thrz)ugh‘ fuel line 78,
i rburetor conven-
tionally controlled by a throttie 6 (FIG. 2 only)
mounted on left hand tubular member 34. The spemﬁc
engine and fuel mountings will dépend on the engine
and fuel tank used, that sthnbemg typical.
Rotatably mounted on the right hand tubular member
* 34 between stops 71is 3, }geve 74 carrying control stick
76 pivotably connected to-the sleeve with bracket 76a.
Left and right wing\tip rudders 79, of conventional
construction an ation, are pivotally attached
(FIG. 1 only) to-
79 includes a control horn 79« that is interconnected to
sleeve 74 with-a-pair of actuating cables 794" As illus-
trated in FIG. 6, ends of cables 79a’ extend partially
around sleeve 74 from opposite directions, respectively,
and are attached to the sleeve with pins 79¢. In this
manner, clockwise or counterclockwise rotation of
control stick 76 by the pilot causes corresponding
movement of sleeve 74 so that one of cables 794’ is

5
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6
retracted to deflect the associated left or right rudder,
thereby steering aircraft 10 in the desired direction.

Elevator or ‘stabilator’ 81, hinged to rear end 215 of
keel 18 in a known manner, is interconnected to control
stick 76 by means of a motorcycle cable 83 attached to
elevator control horn 83a. Fore and aft movement of
control stick 76 respectively causes downward and
upward deflection of elevator 81 through cable 83 to
decrease or increase the angle of attack of wing 12ina

conventional manner.

Referrmg to FIGS. 3-5, main hinge assembly\ll com-
prises a pitch hinge bracket 26 pivotally connected to
hinge connecting plate 63 by means of a ball Jomt con-
nection 80 located slightly aft of the ae(odynamlc cen-
ter of lift of wing 12, as indicated at AC-in'FIG. 2.

Hinge bracket 26 is of unitary conStruction having a
longitudinally extending upper sle¢ve-member 82 inte-
grally formed with a pair of' kngltudlnal parallel
bracket arms 84 extending vertfcally downward there-
from. A longitudinal mountmg c‘ﬁannel 85 having an
internal cylindrical wall 86 extends through sleeve 82
and is open at opposite ends: thereof to receive keel 18 in
clampmg engagement\MQm spemﬁca]ly, channel wall
86 is open at a bottom 864 thereof in communication
with the space betwe/en bracket arms 84 so that during
initial mounting of" ‘ym 12 to hang cage 15, the bracket
arms can be gently ﬁpfgad apart temporarlly to enlarge
channel 85 enablmg”the keel to be received in the chan-
nel through t battom 86a thereof. Thereafter, outer cylin-
drical surface -of keel 18 are tightly clamped against
cylindrical ‘wall 86 in strong frictional contact by means
of a bolt: jand butterfly nut 88a extending transversely
throu;gh ne set of plural aligned holes 89 in bracket
arms,’ )
A stub shaft 90 carried by bolt 88 extends trans-
~versely between bracket arms 84 and includes a spheri-
_‘calball 92. The ball 92 is captured within a concave
C lindrical track 93 of a socket 94 forming the upper
end of a rod end bearing shaft 95. The lower shaft por-
tion 96 of rod end bearing shaft 95 is received within a
hollow cylindrical sleeve 97 and affixed thereto by a
locking pin 98 passing radially through the sleeve and
shaft. Nut and bolt connections 98a are used to fix
sleeve 97 between parallel arms 99 integrally formed
with and extending upwardly from lower flanges 62 of
hinge connecting plate 63 so that the ball joint connec-
tion 80 defined by ball 92 and socket 94 is located above
hang cage support struts 60a-60d and beneath keel 18.

Ball joint connection 80, connecting wing 12 to cage
15, permits clockwise and counterclockwise rotation of
the wing about spanwise axis 32 (i.e., by virtue of ball 92
smoothly rotating in a vertical plane within socket 94)
through a predetermined angular interval as well as
limited roll about a longitudinal axis of the keel, as will
be discussed more fully below.

Since keel 18 is a somewhat flexible, lightweight
tubular member, preferably extruded aluminum tubing
having an outer diameter of 1 § inches and a uniform
wall thickness of 0.058 inches (Alloy #6061-T6), it is
important that bending loads caused by upward and
downward gusts of wind tending to be transmitted to
the heel upon striking flexible wind panel 222 be uni-
formly distributed throughout the wing structure to
prevent structural failure of the keel. While sleeve 26
distributes stress along portions of the keel in contact
therewith, to effect uniform distribution of wind forces
throughout wing 12, a pair of spreader tubes 105¢ and
1056 are respectively hinged at upper ends thereof to
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cross bars 24a, 24b adjacent keel 18 with brackets 106
and pins 58 as shown in FIG. 4. Each spreader tube
105a, 1055, lying in a common vertical plane, is inclined
outwardly and downwardly from keel 18 by an angle A
of preferably 45° with respect to cross bars 24, 245 and
is maintained in this position by a support tube 108. As
shown in FIG. 1, support tubes 108 are pivotally fixed
at lower ends thereof with brackets 109 to lower end
portions of tubes 1054, 1056 and are inclined upwardly
and outwardly for pivotal connection to cross bars 24,
24b with brackets 111. As best illustrated in FIG. 2, a
pair of single cables 1152, and 1155 preferably steel,
each run from leading edge of keel 18 and pass through
a hole formed in the lower or distal end 117 of spreader
tubes 105a, 10556 respectively, and terminate at trailing
edge 21b of the keel.

Each separate spreader tube and cable arrangement
1054, 1154 or 105b, 1156 located on opposite sides of
keel 18 respectively lies in a common plane offset down-
wardly from spanwise axis 34 by an angle A of about
45° so that support tubes 108 are under minimal stress.
Additionally, the foregoing orientation of 45° of each
spreader tube and cable arrangement outwardly from a
vertical plane passing longitudinally through keel 18
prevents interference with main hinge assembly 11 or
the aircraft control mechanisms, as well as the engine
and propeller assembly.

Each spreader tube and cable arrangement described
above uniquely cooperates with main hinge assembly 11
to cantilever keel 18 to cross bars 24a, 24b so that when
wing panel 22q is under an increased positive load, such
as caused by an upward wind gust striking the lower
surface of the wing panel, the keel is effectively relieved
of virtually all bending loads in the manner described
below. To relieve the keel from negative loads such as
caused by a downward wind gust striking the upper
surface of wing panel 22, a single large spreader bar 120
is connected to keel 18 at a lower end thereof by bracket
122 and projects vertically upward. A single cable 125

having opposite ends respectively fixed to front end 21a

and trailing end 21b of keel 18 passes through the uppe

end of spreader bar 120 to relieve the keel of negatlve)\

loads, as described infra.

To best understand the invention, the operatig
aircraft 10 will now be described. Assume that ;'m‘a"aft
10 shown in FIGS. 1and 2 is in straight andJeve flig

angle of attack Al to produce lift. No assume that
aircraft 10 suddenly encounters an upw rd wind gust
causmg the relative wind vector to §h1ft‘ counterclock-
wise to W2 and form an angle of, atta@k A2 with wmg
12, where A2>Al.In a conve;ntlmr 1 fixed wing air-
craft, angle of attack A2, depending on the magnitude
of relative wind vector W2, could poss1b1y exceed the
design angle of attack of the \ﬁxed wmg causing the
aircraft to pitch up and sta owever, in aircraft 10 of
the invention, as relatiy
W2, the increased wind mass suddenly striking the
major portion of wmg\}ganel 22 Jocated aft of main hinge
assembly 11 causeg \erg to rotate counterclockwise
about spanwise axis 32 via ball joint connection 80 by
virtue of the greater lift component now acting on the
wing panel aft of the hinge. Wing 22 thus pitches down
into the phantom line position shown in FIG. 2 and
thereby dumps the wind gust load from the wing. Thus,
at a predetermined power setting wing 12 tends to seek

—
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neutral stability by self adjusting about pitch axis 34 to
maintain a constant angle of attack A1 with new rela-
tive wind vector W2. Of course, hinge 11 causes the
angle of incidence B1 (formed between wing 12 and
cage 15 by the intersecting longitudinal axes of keel 18
and frame members 34 when the relative wind vector is
W1) to change to B2 (where B2<B1) when the wind
vector becomes W2, assuming that the cage remains in
a mneutral, horizontal attitude without being buffeted
about. By this means, pitch fluctuation of wing 12\15
effectlvely damped and aircraft 10 is very stable singe
main hinge assembly 11 provides very effectiv auto-
matic stability since any pitching motion of (h ing
due to flight conditions not intentionally caused- Ey the
pilot will cause a change in angle of mc1dencc:B1 with-
out substantially affecting angle of attack AL

While the aforesaid pitching mothn imps a large
part of the wind gust load from wing- 12,,kee1 18 none-
theless experiences bending loads a§ i n‘?}nvots about ball
joint 80 from angle of mmdenc% “to B2. In other

spectively at forward and aft séctions thereof on oppo-
site sides of the hinge. Then load vector is usually
greater than the load vf.‘ctor achieved with wind vector
W1; the resultant dlffe\l’entml loading normally tends to
bend both end seetlons 21a and 216 of the keel up-

‘ . However, as this bending stress
occurs, cables ‘} 1,/ 115b tension to absorb the stress
which is then ﬁ\aﬂSmltted to spreader tubes 105q, 1055
which becbm'\/loaded in compression to distribute
stress to ‘m‘osb/bars 24a, 24b. Since the upper ends of
tubes 105!) ‘ ﬂSb are located in close proximity to hinge
assembL‘y 11§t will be appreciated that a large bending
mor}ye;nt does not act upon the cross bars that might
otherwise become structurally fatigued. Furthermore,
'néeﬁpreader tubes 105a, 105b respectively lie in the
same plane as cables 115q, 1155, support tubes 108 pro-
eefmg outwardly therefrom only experience minimal

¢ompression loading yet nonetheless operate to distrib-

7 ute some of the stress to the cross bars. In this manner,

keel 18 experiences only minimal stress compression
loading, thus allowing the keel and cross bars to be
formed as lighter and more compact structures than
those utilized in prior art aircraft.

Should wing 10 suddenly encounter a downward
gust of wind (i.e., wind vector W3), the wing is allowed
to rotate clockwise about hinge 11 (i.e., spanwise axis
34) so that the wing pitches up (not shown) to dump a
substantial part of the wind gust loading from the wing.
As wind vector W3 strikes the upper surface of wing
lifting surface 22a, it produces a negative wind load
vector which tends to bend both end sections 21q, 215
of keel 18 downwardly about the hinge. However, as
this bending stress occurs, cable 125 tensions to absorb
the stress which is then transmitted to spreader tube 120
which becomes loaded in compression so that the keel
experiences only minimal stress loading. Furthermore,
by fixing the lower end of spreader 120 to keel 18 with
bracket 122 at a point slightly aft of hinge 11, the com-
pression force transmitted longitudinally through
spreader 120 assists in pivoting the keel about hinge 11
and thereby wing 12 in the desired clockwise direction
to rapidly dump the excess loading around wind gust
vector W3.

FIG. 7 illustrates a second embodiment of the present
invention wherein cable 125 is replaced by a pair of
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reinforcement tubes 130z and 1305 capable of loading in
compression or tension to minimize stress loading of
keel 18. Tubes 130g, 130b connect the upper end of
spreader tube 120 to front and rear ends 214, 21b of keel
18, respectively, with bracket 132 and quick release pins
58. Since tubes 130a, 1306 are rigid, they can load in
either tension or compression should upward or down-
ward wind gusts W2 or W3 occur, and are preferred for
use instead of cable 125 when aircraft 10 is designed to
carry especially heavy positive loads (e.g., crop dusting,
seeding, military uses).

As the term is used herein (and defined by the Federal
Aviation Administation), an ‘ultralight’ aircraft typi-
cally weighs no more than 254 pounds, including the
engine; can carry no more than 5 gallons of gas; is lim-
ited to a single occupant, has 2 maximum level flight
speed of 55 knots; stalls at no more than 24 knots with
the power off and can fly only during daylight hours
with good visibility over noncongested areas. How-
ever, it will be appreciated that the main hinge assembly
and spreader tube/cable arrangement of the invention
can be utilized in other types of aircraft where the wing
is formed with a light weight keel capable of withstand-
ing only low-wing loading. Since wing 12 is free to
pivot about hinge 11 without pilot intervention, causing
the angle of incidence with hang cage 15 to vary, I have
discovered that application of additional throttle power
during flight initially tends to cause the hang cage to
rotate clockwise, decreasing the effective thrust compo-
nent (i.e. without changing the angle of attack) and
causing the aircraft to sink. To avoid this problem, a
horizontal stabilizer 140 (FIG. 7 only) can extend trans-
versely between rearwardly extending portion of tubes
34 to counter the clockwise rotational movement of
hang cage 15 during application of additional power.

In this disclosure, there is shown and described only
the preferred embodiment of the invention, but, as

aforementioned, it is to be understood that the invention

is capable of use in various other combinations an
environments and is capable of changes or modific:
tions within the scope of the inventive concept”
pressed herein.

I claim:

1. An aircraft, comprising:

(a) a fuselage;

(b) a flexible wing having a longxtudmal
leading edge members connected/t "nd/extendmg
rearwardly from a forward end of salt}\keel a flexi-
ble lifting panel secured along/—ﬂ‘ between said
keel and leading edge members;_,

(c) a pitch hinge bracket meap§ attached to fuselage
and connected to the wmg for (permlttmg the wing
to freely rotate without /plletf intervention about a

spanwise axis extending generally perpendicular to

the keel longitudinal axis o that the flexible lifting
panels maintain a si bstantially constant angle of
attack 1rrespect1/ ¢of abrupt changes in relative
wind tending to(be-caused by wind gusts without
changing the tot}ﬁ;de of the fuselage; and

(d) means for buting bending stress loads acting
upon oppot ends of the keel to a central portlon
thereof ad_}acent the hinge, said loads being in-
duced by relative wind striking the lifting panel
causing bending loads to act upon forward and
trailing ends of the keel, said stress distributing
means including first connecting means attached to
said leading and trailing ends and second connect-
ing means connected to the first means for distrib-
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10
uting loads transmitted from the first means to the
central portion, said first and second connecting
means being structures mounted outside the fuse-
lage and incapable of manipulation by the pilot to
vary the angle of incidence of the wing with re-
spect to relative wind.

2. The aircraft of claim 1, wherein said stress distrib-
uting means includes cable means connected to forward
and trailing ends of the keel and spreader bar means
connected to extend downwardly from a cross brace
attached to the keel and forming part of saufﬂeiuble
wing, said cable means being received in said pr
bar means, said bending loads acting oﬂ\tﬁ '
forward and trailing ends thereof bemgtfansmltted to
the cable means as tension loads and to the spreader bar
means as compression loads transmitted to the cross
brace. .

3. The aircraft of claim 2, whe said cable means
includes a pair of cables and sai spreader bar means
includes a pair of spreader b Tand a pair of support
tubes, said spreader tubes %respectlvely being inclined
outwardly and downward} :\fxfom the keel on opposite
sides of the fuselage ata pgedetermmed angle and being

ned p

maintained in the incli
tubes being plvotally ixed at a lower end thereof to a
lower end portion‘o of the associated spreader tube and
being inclined u}iwaraly and outwardly for pivotal
connection to\thefross bar, said cables respectively
u/gh the lower end of the associated

g
spreader tmibe
4. The u‘eraft of claim 3, wherein each spreader tube

and cab e \ayrangement respectively lies in a common
plane g et downwardly from the spanwise axis by an
angle: ﬂpprommately 45°,

5 "The“aircraft of claim 4, further including a third
/spreader bar connected to project vertically upward
‘\fr;pm‘ the keel and a third cable having opposite ends
T spectlvely fixed to front and trailing ends of said keel
and passing through the upper end of the third spreader
bar to thereby relieve the keel of negative wind gust
loading.

6. The aircraft of claim 4, further including a third
spreader bar to extend vertically upward from the keel
and a pair of reinforcement tubes each connected at an
upper end thereof to an upper end of the spreader tube
and two front and trailing ends of said keel respectively,
each reinforcement tube being substantially rigid and
capable of loading in compression or tension when
upward or downward wing gusts respectively strike the
flexible wing panel.

7. The aircraft of claim 1, wherein said pitch hinge
bracket means includes a longitudinally extending
upper sleeve member integrally formed with a pair of
longitudinal parallel bracket arms extending down-
wardly therefrom, said sleeve defining a longitudinal
mounting channel receiving the keel in clamping en-
gagement, ball joint connect means located between the
bracket arms defining a rotational axis of said wing
being generally paraliel to the spanwise axis, and hinge
connecting plate means for connecting the ball joint
connection means to the upwardly extending strut.

8. The aircraft of claim 7, wherein said ball joint
connection means includes a stub shaft extending trans-
versely between the bracket arms, a spherical ball car-
ried on the stub shaft, and a rod end bearing shaft an
upper end of which having a socket with a concave
cylindrical track surrounding the spherical ball, a lower
shaft portion of said rod end bearing shaft being re-
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ceived within a hollow cylindrical sleeve affixed
thereto by a locking pin passing radially through the
sleeve and shaft, wherein said hinge connecting plate
means includes a pair of hinge connecting plates with
upper ends thereof bolted to said lower shaft portion. 5
9. The aircraft of claim 8, wherein said ball joint
connection means constitutes the sole connecting struc-
ture between the wing and the hang cage.

10. The aircraft of claim 8, further including means
for releasably mounting the ball joint connection means
between the bracket arms to thereby quickly detach the
wing from the hang cage.

11. The aircraft of claim 7, wherein said wing is of
flexible and collapsible construction.

12. The aircraft of claim 1, further comprising an 15
elevator hinged to a trailing end of the keel, and control
means connected to the elevator and being actuated by
the pilot for pivoting said elevator with respect to said
keel to vary the angle of incidence and thereby the
angle of attack of the wing.

13. The aircraft of claim 1, wherein said first connect-
ing means includes a pair of tubular members respec-
tively attached to forward and trailing ends of said keel
and said second connecting means includes a third tubu-
lar member connected at one end thereof to the wing
proximate a central portion of the keel and at an oppo-

—
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site end to said first and second tubular members, said
first and second tubular members being capable of ten-

sion and compression loading induced respectively by
positive and negative wind gusts striking the flexible
panel to transmit said loading as compression loading to

30

the third tubular member.

14. An ultralight aircraft, comprising:

(a) a hang cage having plural tubular members con-
nected to define a base frame for containing a pilot
therewithin and a means for supporting an engine
and fuel supply means on the base frame; said hang
cage further including plural upwardly extending
struts attached at upper ends thereof to a hinge
connecting plate;

(b) 2 wing having a longitudinal central keel, leadinig.
edge members connected to and extending rear
wardly from a forward end of said keel, a cross
brace member connected to and extending t;ems;
versely from opposite sides of said keel, o/]a,q@s;te
ends of said cross brace member being respectively
attached to the leading edge members;\an aflexi-

keel, cross brace member and leadmg (edge mem-
bers, said flexible panel being unse red along a

trailing edge thereof, said keel be ¢
tubular for minimum welg X
strength; R
(c) a pitch hinge bracket mean necting the wing
to the upwardly extending plural struts for permit-
ting the wing to freely ro p\atate without pilot inter-
vention about a spanwise-axis extendlng perpendic-
ular to the keel longittidinal axis so that the flexible
i s 2 substantlally constant
angle of attack 1;res ective of changes in relative
wind tending t be caused by wind gusts; and
(d) means for distributing bending stress loads acting
upon opposite ends of the keel to a central portlon
thereof adjacent the hinge, said loads being in-
65
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duced by relative wind striking the lifting panel
causing bending loads to act upon forward and
trailing ends of the keel, said stress distributing
means including first connecting means attached to
said leading and trailing ends and second connect-
ing means connected to the first means for distrib-
uting loads transmitted from the first means to the
central portion, said first and second connecting
means being structure mounted outside the fuse-
lage and incapable of manipulation by the pilot:to
vary the angle of incidence of the wing wit
spect to relative wind.

15. The aircraft of claim 14, further mcludmg a)hori-
zontal stabilizer fixedly attached to the hang cage and
being immovable, said stabilizer preventmg cIockwnse
rotational movement of the hang cag
tion of increased power dunng flight.(

16. An aircraft, comprising:

(a) a hang cage having plural tubular members con-

nected to define a base frame for containing a pllot
therewithin and a means f6r upportmg an engine
and fuel supply means o t the base frame, said hang
cage further mcludmgi'\ al upwardly extending
struts attached at uppef énds thereof to a hinge
connectmg plate; 7/

(b) a wing having a/longxtudmal central keel, leading
ected to and extending rear-
/)'W'a'rd end of said keel, a cross
Onnected to and extending trans-
versely, frOm “Ppposite sides of said keel, opposite
Et/cross brace member being respectively
"the leading edge members, and a flexi-
ble hftin@ panel secured along and between said
keel; cross brace member and leading edge mem-
pers, said keel being hollow and tubular for mini-
mum weight with maximum strength and of
dater length than the hang cage;
a\pltch hinge bracket means connecting the wing
‘to the upwardly extending plural struts, said hinge
means permitting the wing to freely rotate without
pilot intervention about a spanwise axis extending
perpendicular to the keel longitudinal axis so that
the flexible lifting panel maintains a substantially
constant angle of attack irrespective of changes in

relative wind tending to be caused by wind gusts;

and

(d) means for distributing bending stress loads trans-
mitted to opposite ends of the keel by relative wind
striking the flexible lifting panel, said stress distrib-
uting means including first connecting means con-
nected to forward and trailing ends of the keel and
being further connected to second connecting
means attached to the cross brace, said first means
being received in said second means so that bend-
ing loads acting on the keel at forward and trailing
ends thereof are transmitted to the first means as
tension loads and to the second means as compres-
sion loads distributed to the cross brace, said first
and second means being structures mounted out-
side the hang cage and incapable of manipulation
by a pilot to avoid varying the angle of incidence of
the wing.
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