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1 .

This invention relates to airplanes and -par-
ticularly to airplanes of the single wing or flying
wing type, or in other words, to the class of air-
planes in which the functions of the usual $ail

structure or empennage are accomplished by :

structure incorporated within the outhnes of the
-Mmain supporting airfoils.

The primary object of the present mventmn is
to enable greater stability to be attained in-an
airplane of the flying wing type, and a further
object is to increase the effectiveness of the con-
trol means in an airplane of this character, to
*hereby 51mp11fy the operation and control there-
of. .

A further obJect is to enable such stabxhty a,nd
control to be attained in such a manner as to
insure highly efficient operation of the  lifting
surfaces of the airplane at all times. An object
related to the foregoing is to enable stalling- mo-
ment in an airplane to. be ‘induced -and main-
tained by lifting forces applied. forwardly of the

center of gravity of the airplane, or in- other
words to enable stalling moment to be attained
without the necessity for applying negative coun-
terbalancing forces such as are usually reguired
to overcome the pitching tendency, which -has
heretofore been a necessary incident to the at=-
talnment of high lift conditions in an airplane,
A further object related to the foregoing is to
enable the conventional elevator surfaces in an
airplane to be eliminated.

A further object of the invention is to enable
an airplane to be controlled laterally and lon-
gitudinally by variation of the angle of incidence
of substantial portions of the main wing panel;
to enable this to be done by varying the angle
of incidence of the outer end panel sections of
the wings; to afford variable incidence wing pan-
els which accomplish the functions usually at-
tained by the ailerons ang the elevators; and to
so balance the forces acting on such variable
incidence wing panels in normal flight that man-
ual control or actuation of such wing panels may
be. readlly and easily effected.

It is recognized that during flisht of an air-
plane, the changes in air conditions encountered
by an airplane tend to cause deviation of the
airplane from its intended flight course, and such
deviation is caused by the action of varying air
currents which cause the airplane to be displaced
about its pitching, yawing, or rolling axes. In
some instances, the action of such air currents
may even cause bodily displacement of the air-
plane without material change of the attitude of
the airplane in respect to the aforesaig axes, and

(CL 214—13)

2 .

such bodily displacement is also recognized as
being objectionable. It is, therefore, a . further
object of the present invention to enakle uh-
desired displacement of the airplane by chang-
ing air conditions to be minimized, and further

- objects are to prevent undue bodily displacement

of an airplane by changing air conditions and to

" enable longitudinal and lateral stability to be
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automatically attained. A further and more spe-
cific object is to enable variable incidence wing
panels in a flying wing airplane to function auto-
matically in fligsht to maintain longitudinal and
lateral stability of an’ airplane and to prevent
undue -bodily displacement when changing air
conditions are eéncountered,

In the operation of an airplane, it is custom-
ary for the pilot to control the movement of the
airplane about its rolling axis by means such as
ailerons, and when this is done, it is desirable
to: actuate the rudder in a coordinated manner -
so as to prevent side slip or skid of the airplane,
and it is a further object of the bpresent inven-
tion to -enable the-control means for the rudder.
to be so coordinated with the means which gov-
ern movement of the airplane about its rolling

axis that automatic operation of the rudder is

attained and side slip or skid of the airplane are
prevented.

Other and further objects of .the present in-
vention will be apparent from the following de-
scription and claims and are illustrated in the
accompanying drawings which, by way of illus-
tration, show a preferred embodiment and the
principle thereof and what I now consider to be
the best mode in which T have contemplated ap-
plying that principle. Other embodiments of the
invention embodying thée same or equivalent prin-
ciple may be used and structural changes may
be made as desired by those skilled in the art
without departing from the present invention and
the purview of the appended claims.

In the drawings: )

Fig. 1 is a perspective view of an airplane em-
bodying the features of the invention:

Pig. 2. is a fragmental perspective view 111us-
trating the movement of the outer wing panels;

PFig. 3 is a perspective view of the airplane,
this view being arranged to include an illustration
of trim tabs for trimming the airplane:

Fig. 4 is a -plan.view of the airplane shown in
Fig. 1;

Fig. 5 is a front: elevatmnal view of the air-
plane;

Figs. 6 and 7 are dlagrammatlc views taken re-
spectively along the lines 6—6 and 7—1 of Fig, 4
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and illustrating the airfoil sections which may
be employed in the outer and inner wing panels
of the airplane of this ihvention;

Fig. 8 is a side elevational view of the airplane
shown in Fig. 1; )

Fig. 9 is a fragmental plan view showing a part
of the rudder control mechanism;

Fig. 10 is a fragmental perspective view illus-
trating the manner in which the supporting truss
for the outer wing panels is secured in position;

10

Fig. 11 is a fragmental sectional view of the-

control mechanism of the airplane;

Fig. 12 is a fragmental sectional view of & part
of the control mechanism;

Figs. 13, 14 and 15 are views illustrating dia-
grammatically the relationship and action of a
portion of the control mechanism of the air-
plane;

Fig. 16 is a diagrammatic perspective view il-
lustrating the control mechanism for the air-
plane;

Fig. 17 is a fragmental sectional view illus-
trating a portion of the rudder control mecha-
nism;

Tig. 18 is a fragmental perspective view show-
ing the manner in which the outboard wing pan-
els are supported;

Fig. 19 is a fragmental view 111ustrat1ng the
manner in which the trim tabs of the airplane
are adjusted;

Fig. 20 is a diagrammatic plan view 111ustra,u—
ing the relationship of the various elements of
the airplane;

Fig. 21 is a dlagrammatlc side view illustrating
the relationship of the aerodynamic elements of
the airplane to the center of gravity thereof;

Figs. 22, 23 and 24 are diagrammatic views il-
lustrating the relationship and movements of the
elements of the outboard wing panels;

Fig. 25 is a diagrammatic illustration of the

airplane in side elevation;

Fig. 26'is a diagrammadtic front view of the air-~
piane in a properly -executed left bank; and

Fig. 27 is a diagrammatic front view of the
airplane in a side slip.

In the form of the invention chosen for dis-
closure herein, the invention is' embodied in a
single motored airplane of the tailless monoplane
type, having a forwardly projecting fuselage 35
disposed midway between the ends of a wing
structure. The single motor (not shown) is
mounted within the fuselage 35 and is arranged
to drive a propeller 36 disposed at the nose of
the fuselage. Landing gear, including a pair
of forward wheels 31 and a tail wheel 38 are pro-
vided on the fuselage 35, and it will be recog-
nized that such landing gear may be of any de-
sired kind. The wing structure of the airplane
is preferably such as to provide a forward sweep
throughout at least a portion of its extent, or in
other words, the outer ends of the wings are dis-
posed forwardly of the root portions thereof.
Thus, the wing structure of the airplane, as here-
in shown, embodies inboard or trailing wing
panels 38 which extend rigidly in outward direc-
tions from opposite sides of the fuselage 35, and
outboard wing panels 40 are arranged so as to
extend outwardly and in this instance forwardly
from the inpboard wing panels 39, Thus, the
fuselage 35 and the two inbcard wing panels 38
constitute a central structure, and the outer or
leading wing panels 40 cooperate with the wing
panels 39 to define a continuous wing structure
of the monoplane type, wherein the front and
rear profiles of the wing section are substantial-
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.movement about generally horizontal axes.

‘connected by spanwise spars 6

4

1y continuous from tip to tip of the wing struc-
ture. Because of the forward sweep of the wing
structure, directional control means may be as-
sociated with the central structure of the air-
plane rearwardly of the center of gravity of the
airplane, and in the present instance a vertical
fin and rudder structure is associated with and
mounted on the rear portion of the fuselage 33.
Thus as shown in Figs. 1 and 3 of the drawings,
a vertical fin #2 is extended upwardly from the
fuselage adjacent the rear end thereof, and a
rudder 43 is mounted on the vertical fin #2Z
along the rear edge thereof.

In accordance with the present invention, the
control of the airplane about its rolling axis and
its pitching axis is attained through adjust-
jng movement or manipulation of the outboard
wing panels 48, and to enable this to be done, such
wing panels 4% are supported for limited pivotal
In
affording such pivesal support for the outboard
wing panels 48, a pair of supporting trusses 435
are extended outwardly in a rigid relationship
from opposite sides of the fuselage, the arrange-
ment being such that the trusses 45 extend
through the respective inner wing panels 38 and
into the interior of the adjacent outer wing panel
40. Within each of the outer wing panels 48,
pivotal bearings &5 and 47 are provided for ‘che
wing panel 48 on the supporting truss £5, and
such. pivetal bearings are spaced longitudinally
of the truss so as to afford an accurate support-
ing and guiding means for the outer wing panel.
In the present instance, the supporting trusses
&5 gre so mounted and arranged that the pivetal
axes aforded by the bearings 456 and &1 are in
each instance dispcsed substantially parallel to
and slightly ahead of the line defined by the
center of pressure on the outer wing panels 40,
for by this arrangement the control movement

or actuation of the outer wing panels 43 may be

more easily attained, and automatic operation
of these wing panels may be attained as will
hereinafter be pointed cut in detail. Thus the
outer wing panels £0 may be rocked with relation
to the inner or central structure and such rock-
ing movement enables the angle of incidence of
such outer wing panels to be varied or changed
during flight.

In attaining such support or mounting of the
outer wing panels 49, each truss 45 isin the pres-
ent instance made in two sections, one section
45A of which is permanently mounted within the
related wing panel 39, while the other section

5 45B is mounted within the wing panel 48. Thus,

as shown in Fig. 10, the truss section 48A is made
from an upper tubular member 48 and a lower
tubular member 58, such tubular members be-
ing interconnected at various peints through-
out their length by truss elements such as the
vertical rod 5¢ shown in Fig. 10. Similarly, the
truss section 5B includes an upper tubular mem-
ber 52 and a lower tubular member &3 which
are ‘interconnected by suitable truss elements.
The upper members 49 and 32 of the tweo truss
sections are adapted to be interconnected by fit-
tings 54, while the lower truss elements §0 and
83 are adapted to be interconnected by fittings
55, shown in Fig. 10 of the drawings:

The outer wing panel 40 is arranged to include
a plurality of ‘truss-like ribs €3 which are inter-
and angular
braces 62, and the truss-like ribs 88 are arranged
with relatively large openings §3 therein so that
the supporting truss section 45B may extend
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through such ribs in a manner which enables
the ribs 63 and the wing section to rock with
relation to the truss section 45B. The pivotal
mounting or bearing £6 for supporting the wing
panel 40 on the truss 45 at the inner end edge of
the wing panel 48 is afforded by a bearing pin-
65 extended in an outward direction, as shown in
PFig. 10, from the truss element 51, and this
bearing pin 56 is engaged by the bearing sleeve
45A which is carried on or within the wing sec-
tion 48. Such bearing element 46A is In the pres-
ent instance mounted upon a supporting truss:
which extends from front to rear within the wing
" panel 48 between the front and rear spars 61. The
outer bearing 41 for the wing panel 4§ is afforded
by & bearing pin 414, provided at the end of the
truss &5B as shown in Fig. 18. An outer bear-
ing element 4B is arranged to embrace the bear-
ing pin 4TA and the bearing element 418 is car-
ried as a part of the wing section 40 by a truss
67 extended between the front and rear spars €l
of the wing section. Thus the bearings 46 and
47 afford the desired rotatable or rocking mount-
ing for the outer wing panels £9. In the present
instance, it will be observed that the truss &5
embodies considerable strength or rigidity in a
vertical direction, but is not particularly strong in
a front to rear direction, and when this arrange-

ment is employed in the fruss 45, a bracing -

means such as & brace rod 68, Figs. 4 and 18; is
provided so as to extend from a point adjacent
the outer end of the truss section 45B. The brace
rod 88 extends in an inward and rearward direc-
tion through the openings in the ribs 69, and the
inner end of the brace rod 88 is anchored in the
rigid structure of the wing panel 3%. The rela-
tionship of the brace rod 68 to the openings in
the ribs 66 is such that rocking movement of the
outer wing panel 40 may take place throughout”
the cdesired range without contact with the brace
rod 638. The rearwardly extending brace rod. &8
serves to transmit the drag forces applied by.the
wing panel 4§ to the rigid portions of the ad-

jacent wing panel 38, and hence the truss sec-

tion 45B is maintained in a predetermined rela- .
tion to the central structure of the airplane.

The rocking movement of the outer wing panels
4§ of the airplane of -this invention is utilized
to attain those functions which would ordinarily
be attained by the elevators and the allerons of a
conventional airplane, and the means for manu-
ally attaining such control ‘movements of the
outer wing panels 40 are disposed In the cabin or
fuselage of the airplane and are so arranged that

they may be operated or actuated in substantially
the same manner as the control means of con-
ventional airplanes. Thus as shown in Fig. 16 of
the drawings, a control wheel 78 is mounted on
the upper end of a tubular post Ti that extends
in an upward and generally rearward direction
from a gear housing 72, The wheel 70 is con-
nected to the upper end of a shaft 13 that ex-
tends downwardly through the tubular post Ti
and into the gear housing 72, and a bevel gear
74 is mounted on :the shaft 73 within the hous-
ing 72. The. housing 12 has bearing sleeves 15
extended from opposite sides thereof at right
angles to the axis of the shaft 13, such bearing
sleeves being omitted in Fig. 16 of thé drawings
but being shown in Fig. 11. The bearing sleeves
75 are rotatably mounted in supporting bearings
16 so that the wheel and its supporting- tube
71 may be rocked from front to rear about the
axis of the bearings 76 to attain controlling ac-

6,

+tions which will hereinafter be described. A shaft
11 is extended through the housing 12 and is sup-

_ ported in an indirect manner in the bearing
sleeves 15, and within the housing 12; a pair of

5 bevel gears 18 and 19 are mounted in a rotatable
relation about the shait 71 and in a meshed
relationship with opposite sides of the bevel gear
14.. Thus when the wheel T0 is rotated in a par-
ticular direction, the two bevel gears 18 and 19

10 will be rotated in opposite directions, while these
two bevel gears 18 and 19 will remain in the same
relationship to each other and may be rocked or
rotated in the same direction by rocking move-
ment of the wheel T0 and the supporting tube Ti

15 in a front to rear direction.

" Such movements of the bevel gears 18 and 19.
are utilized in jmparting the desired rocking
movements to the outer wing panels 40. In at-
taining this result, a tubular shaft 80 is fixed to

90 the bevel gear 19-and extends about the shaft T1
to a point outside of the housing 12. Similarly, a
tubular shaft 81 is fixed o the bevel gear 18 in a
surrounding relation to the tubular shaft 80 and
extends outwardly of the housing 12. The shafts

o5 80 and 81 have arms 82 and 83 connected respec-
tively thereto and extended downwardly there-
from, and the arm 82 is operatively connected to
the right-hand wing panel 40 to impart rocking
movements thereto, while the arm 83 is ‘opera-

50 tively connected to the left-hand wing panel to
impart rocking movements 1o this wing panel.
Such connections in the present instance include
a link 85R extended from the arm 82 to the
lower end of an arm 86R fixed on a rock shaft

&

-35 8TR. The arm 88R, fixed on the opposite end

of the shaft 8TR, is connected by a link 89R to
- the.lower end of a cross arm 930R. which is fixed
to an outwardly extending rock shaft 91R. The
rock shaft 91R is disposed within the right-hand

.40 inner- wing -panel 39, and at its outer end the

_rock shaft 81R has a rearwardly extending arm
02R. The end of the arm %2R is connected by a
link 93R -to a rigid portion of the outer wing
panel 40, as for instance, by connection to the
rear spar elements of this outer wing panel.

. Similar connections, including a2 lick §5L, an
arm -86L, and a shait 871, are provided between
the arm 83 and the left-hand outer wing panel
48, so that by rocking movement of the arms 82
0 and 83, the desired rocking movements may be

iraparted to the ouler wing panels. Thus in the
event that both outer wing panels 48 are 1o be
rocked in an upward or forward direction so as
to induce pitching or downward gliding move-
55 ment of the airplane, stuch rocking movements of
the two outer wing panels 40 may be caused by
rocking the wheel and the supporting . tube 71
in. & forward direction.  When this is ‘done, the
two bevel gears 78 and 78 are rocked in unison
0 so that the lower edges thereof are moved in a
rearward direction. This causes corresponding
rocking movement of the arms 82 and 83 in uni-
son and in a rearward direction. Such movement
of thetwo arms 82 arid 83 will, of course, be trans-
65 mitted through the connections to the two wing
pancls 48, and the manner in which such motion
38 transmitted will be evident from a considera-
tien of “Fig. 16 of the drawings. Thus the link
2ER will move rearwardly so as to rock the shaft
0 87TR and move the-arm 88R and the lower end of
the cross bar 90R in g rearward direction. This
results in rocking movement of the shaft 91R so
as to cause the rear end of the arm §2R to be
clevated.- This causes the rear edge portion of the

v
(=]

)]

[+

-

-75 right wing panel 40 to be elevated, thereby caus-
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ing rocking movement of this wing panel 40 about
its supporting bearings 46 and 47; and it will be
understoed that similar rocking movement will in
this instance be avplied to the left-hand wing
panel 48, In a similar manner, it will be clear
that rearward rocking movement of the wheel 78
will cause downward recking movement of the
arms 8ER and downward rocking movemens of
the outer wing panels #9 wiil therefore be at-
tained.

In the event that the pilot wishes to turn either
t0 the right or to the left, the outer wing panels
48 are differentially actuated so-as to cause one
side of the airplane to be raised and the other
side of the airplane somewhat lowered, thereby
to throw the airplane into g banking attitude.
This maneuver is; of course, accompahied in most
instances by a suitable coordinated adjustment
of the rudder, as will hereinafter be explained,
Thus, if the pilot wishes to turn to the right, the
wheel 78 is rotated about its axis in a right{~-hand
direction. When this ig done, the bevel gear 19
is rotated so that its lower edge moves in a rear-
ward direction and produces corresponding rear-
ward movement of the arm 82. The bevel gear
i8 and the arm 23 are, of course, moved in this
instance in the opposite sense, and the arm 83
moves in a forward direction. Thus, the rear-
ward movement of the arm 82 causes the arm 928
to be moved upwardly thereby to tilt the right-
hand panel 40 in such a way as to reduce itg angle
of incidence. Similarly, the forward movement of
the arm 8§ causes the left~-hand wing panel 49 to
be so tilted as to increase its angle of incidence,
and as a vesult of thig, the left-hand side of the
airplane is elevated while the right-hand side of
the airplane is socmewhat lowered. In this atti-
tude, the plane turns to the right, The wing pan-
els 48 may of course be actuated in the opposite
sense to produce g left-hand banking attitude of
the airplane, and when the wheel 10 is rotated in
the manner just described to produce a banking
attitude of the airplans, the amount of rocking
movement of the two wing panels 40 in opposite
directicns is substantially equal. Tt will be recog-
nized, however, that in the course of a rotative
movement of the wheel 10 in either direction, the
wheel may also be moved in a front to rear di-
rection so as to rock the supporting tube Ti and
the housing 72. When this ig done, the gearing
within the housing 72 partakes of a relatively
complex movement in which the rocking move-
ment of the supporting tube 71 may offset the ro-
tative movement of one of the gears 18 or 178
which is induced by rotation of the wheel 70. In
such an instance, one of the wing panels 48 may
remain stetionary while rocking movement is im—
parted in one direction or tie other to the other
wing panel 44.

The rudder 43 may be actuated in substantially
the same manner as in conventional airplanes
and, as shown in Fig. 16 of the drawings, this
means includes a right-hand rudder pedal 95R
and a left-hand rudder pedal 95I, these rudder
Pedals being mounted for rocking movement on
a stationary shaft 95 for rocking movement rela-
tive to such shaft.. The lower ends of the two
rudder pedals are oberatively connected to the
rudder 43 by means including a centrally pivoted
lever 87, the lever 87 having its opposite ends
connected by cables 881 and 98R to the opposite-
ly extending arms or rudder horns (not shown)
which are provided on the rudder 432. The de-
sired movements are imparted to the rudder 43
by rocking movement of the centrally pivoted

8

lever 97. This connection, in the present in-

stance, includes a rigid rod {98 fixed to the right-

hand end of the lever 97 and extended rearward-

1y therefrom. The rear end of the rod {09 is con-
5 nected to one arm of a bell crank | 81, which is
shown in Pigs. 9 and 18, this bell crank being
centrally pivoted on a slide member {82 which is
guided for reciprocating movement in a guideway
163. When the bell crank 101 is held against
rocking movement, the slide member 82 may be
actuated in a longitudinal direction and such
movement of the slide member 102 will be trans-
mitted through the bell erank and the link 100
to impart corresponding rocking movement to the
lever 87. Suech sliding movement of the slide
member {82 may be attained through selective
actuation of the rudder pedals 88R and 95L., and
for this purpcse, a rudder cable 185 is extended
about a plurality of guide pulleys {06 so that op-
rosite ends of the cable {85 are connected to op-
bosite ends of the slide 102 and intermediate por-
tions of the cable 485 are connected to the lower
ends of the two rudder pedals 98R and 85I,
When the rudder pedal 85R is actuated, the cable
i85 is actuated so ag to produce forward move-
ment of the slide member 192, and when this is
done, the right-hand end of the lever 97 is moved
forwardly so as to actuate the rudder cable $8R.
in & forward direction. This produces a right-
hand movement of the rudder 43. Similarly,
when the rudder pedal 851 is actuated, the slide
member 182 is moved in 5 rearward direction so
as:t0. move the left-hand end -of the lever §7 in a
forward direction, ang this movement is trans-
mitted through the rudder cable 98T so as to pro-
duce a left-hand movement of the rudder 43.

In accordance with the bresent invention, the
rudder. 43 is normally actuated in a coordinated
relationship to the differential actuation of the
outboard wing panels 48 so that the airplane may
be turned to the right or to the left under ordi-
hary conditions without operation of the rudder
bedals §5R or 85L. In accomplishing this fune-
tion, the gearing mechanism within the housing
45 12 is utilized. Thus as shown in Pig. 11 of the

drawings, a bevel gear {82 is mounted in the hous-

ing 72 50 as to be coaxial with the bevel gear 73,

and the gear 128 is meshed with the two gears 78

and 79. The bevel gear (88 is supported in a
50 bearing  sleeve (68 which extends downwardly

from the housing 72, and a shaft connected to

the gear 199 extends from the sleeve 118 and has

an upwardly and forwardly projecting arm {11

fixed thereon. The arm fif is connected by a
58 link {12 to the other arm of the bell crank (91 g0

that upon rotation of the bevel gear 108, the bell

crank {81 is rocked in one direction or the other
in accordarnce with the direction of rotation of the
bevel gear 189. Thus the rocking movement of
60 the arm {11! will serve to rock the bell erank 191,
and if the slide 182 is held stationary in its guide-
way {88, such rocking Imovement of the bell crank
{81 will serve to operate the rudder 43. In order
that the slide (82 may be held staticnary under
65 normal conditions, means ig brovided for locking
the rudder cable {84 against movement, Thig

means is best shown in Figs. 16 and 17 wherein a

bell crank 1§38 is illustrated as being mounted on

the rudder peda] 851.. The downwardly extend-
70 ing arm 144 of the bell crank {18 hag g locking
pin 113 fixed thereon 5o that it may slide radially

through the mounting sleeve 11§ of the pedal 85

and into a locking opening in the non-rotatable

mounting shaft 96 upon which the pedal 935L is
¥5 supported, A spring 17 acting between the arm
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{14 and the pedal 95L urges the locking pin 115
toward its active position so that the rudder pedal-
85L and the associated rudder cable 165 are nor-
mally locked against movement. The other arm
{18 of the bell crank 112 extends upwardly and
has a cross bar L1115 at its upper end. Thig cross
bar is spaced from the upper end of the pedal §5L
so that when ah operator endeavors to actuate
the pedal 85L, the bar (19 is first shifted in a for-
ward direction so as to retract the locking pin 115.

When the locking -pin 15 is in its active posi-

5

10

tion, the rudder cable 105 acts to hold the slide

1802 against movement and hence the rotative
movements of the wheel 70 to produce differential
movements of the outboard panels 48, serve also
to impart coordinated adjustment to the rudder
43. As an example, a right-hand rotation of the
wheel 18 which results in decreasing the angle
of incidence of the right-hand wing panel 40 and
Increasing the angle -of incidence of the left~hand
wing panel 48, serveg also to produce a rocking
movement of the arm (! in a left-hand . direc~
tion.  This serves to operate the bell crank 101
in-such a way as to move the link 108 in a forward
direction, thereby pulling the rudder cable 28R
forwardly and causing adjustment of the rudder
in a right-hand direction. Such adjusting of the
rudder is, of course, proportional to the adjusting
movements imparted to the outboard wing panels
40, the actuation thereof being attained from the
saine adjusting movement of the wheel 18. The
rudder pedals may, of course, be actiated at any
time so as to dominate the automatic rudder op-
erating means, and in such a case the movement
of the slide {82 will attain the desired rudder op-
eration regardless of the position of the bell erank
R

It will be observed that the airplanz of the pres-
ent invention is contreclled without the use of
cenventionsal elevators, but. despite this fact, trail-
ing edge wing flaps {28 may be provided oh the
inner wing panels 39 for use as a means for trim-
ming the airplane to conform with variations in
load distribution. The trim flaps 129 are shown
only in Figs. 3 and 19 of the drawings. Thus as
shown in Fig. 19, each trim flap 129 has a down-~
- wardly extending actuating arm {23 ang links
124, 124A, and !24B are extended in a connected
relation from the arm {23 to an arm {28 of a bell
crank 1238A. The link 1258 ineludes o turn buckle
connection 128, The bell crank 126A is mounted
on an uppar spar or longeron 127 of the fuselage,
and the other arm of the bell crank 128A is con-
nected by a link §28 to an arm (29 of a bell crank
i29A. 'The bell crank 129A is mounted on a lower
spar or longeron {1&f of the fuselage. The other
arm of the bell crank §28A is connected by a link
131 to a downwardly extending arm 132 which is
pivoted at 133 in the fuselage. An adjusting arm,
134 extends upwardly from the shaft 133 so thas
the shaft {33 may be moved to different adjusted
positions to appropriately trim the airplane in ac-
cordance with 'its lead distribution. The oper-
ating connection from the shaft 133 to the other
one of the trim tabs {28 may be extended in part
through the link 13! and the associated mech=
anism to the bell crank i28; or may be extended
directly from the shaft 183, R e

It will be apparent from the foregoing that th
flight path and attitude of the airplane with re- -
spect to its pitching and rolling: axes may be
controlled by  the pilot -through ' appropriate

manipulation -of the control wheel 10, such con- -

trol being exerted by appropriate variation in the
angles of incidence of the outboard wing panels

15

10
40. Such outboard wing panels are, however,
additionally operable to produce flicht stability
of the airplane automatically and without man--
ual actuation .of the control wheel 78. In attain-
ing this result, the rotative axis of each out-
hoard wing panel 40 is disposed parallel to and
slightly forwardly of -the line defined by the
center of pressure of this wing panel. This rela-
tionship  is llustrated upon a scmewhat exag-
gerated scale in Figs: 22 to 24, and it will be
apparent that the lift exerted at the center of
pressure of the wing panel 40 due to air flow
about the wing panel tends to rotate the wing
panel in a counterclockwise.or upward direction,
as viewed in Fig. 22. This tendency of the lift
exerted upon the wing panel is opposed by the
eccentrically disposed weight of the wing panel,

- as represented by the center of gravity CG in Fig,

20

22. Thus when the plane is flying at a particu-
lar altitude and speed, ihe wing panels 48 will
assume positions about their rotative azes which
are determined by the relationship of the weight

-of the wing panels and the lifting forces which
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are effective thereon. When this balanced con-
dition is attained, the 1ift of the outhoard panels
is effective at the mean center of pressure -of
these panels, and this mean center of pressure of
the outboard wing panels 42 is located substan~
tially forward of the center of gravity of the
plane, as indicated in Fig. 21 of the drawings.
The inboard wing -panels 39; of course, exert
their-lifting action at their mean center of pres-
sure which is located rearwardly of the center of
gravity of the airplane, as indicated in Pig. 21.

In attaining the desired controlling action by
means of the rocking wing panels 49, the present
invention so relates the .outer -wing panels to

the central structure that the center of lify of

all portions of the outer wing panels 42 will be
located forwardly of, or at least as far forwardly
as the most- forward location of the center of
gravity of the airplane, it being recognized that
practical considerations require some range for
such location of the center of gravity. Thus, as
shown in Fig. 20 of the drawings, the line of
separation S between the inner wing panels 39
and the outer wing panels is disposed in such g -
relation that the centers of lift of the most out-
ward portion of the wing panel 39 and of the
most inward portion of the outer wing panel 40
are located in lateral or transverse alignment
with the-center of gravity CG of the airplane.
A convenient method of determining this rela-
tionship is to extend a line laterally through the
center of gravity CG of the airplane and per-
pendicular o the longitudinal axis of the air-
plane, and to terminate the inner wing panel 29
at the point where such a line intersects the
quarter chord of the inner wing panel.  'This
relationship is shown in Fig. 20 of the drawings.

When the outhoard wing panels 49 are in the
balanced condition hereinbefore described, the
proportioning of the inboard and outboard wing
panels and the relative positions thereof are such
as to cause level flight of the airplane, and when
the condition of balance of one or both of the
outboard wing. panels is disturbed due to vary-
ing air conditions, air gusts, down drafts or the
like these outboard wing panels of the airplane
of the present invention function to counteract
the disturbing air forces so as to minimize devi-
ation of the airplane from the desired level flisht
path-and minimize deviation of the airplane from
the desired course. Thus, as diagrammatically
illustrated in Fig. 23 of the drawings, an upward
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gust of air striking the lower surface of a wing’
panel 45, or an increase in the angle of attack
of the wing panel, tends o lift that wing panel
and thus cause deviation of the airplane from
the desired fight path, but with the outhoard:
wing panels mceunted in the manner hereinbefore
described, such an upward gust of air, or other
conditions inveolving an effective increase in the
angie of attack ¢f the wing, tend merely to pivot
the wing panel 4% about its rocking axis to a
corresponding position at which it tends to trim
due to the action of the flap i85 as will herein-
after be explained in detail. Thus under such
conditions the forces effective on.the wing panel
serve merely to decrease its angle of incidence
and, in many instances, to shift the wing panel
to such an extent that it has a negative angle of
incidence with relation to the flight path. Such
a reduction in the angle of incidence serves, of
course, to reduce the angle of attack and hence
the lift coefficient of the wing panel, and if the
shifting movement of the wing panel about its
rotative axié has been comparatively large, it
may result in the wing panel having an instan-
taneocus negative lift coefficient.:. As a result of
thig shifting of the wing panel 48, the tendency
of the upward gust of air to lift that side of the
airplane is overcome and the airplane will not
deviate appreciably from its desired flight path.
As the upward gust of air subsides, the aerody-
namic forces acting on the wing panel 49 will
restore the same to the balanced condition, such
as that shown in Fig. 22 of the drawings.

A similar but opposite action takes place in the
event a Gown draft of air becomes effective upon
a wing panel £8, for in such an instance, the force
of the downwardly moving air upon the upper

10
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of the wing panels 40 may be obtained with a
minimum of rocking movement thereof, and in
order that the normal or balanced condition of
the wing panels 43 may be readily determined

- and adjusted to conform with flight conditions or

variations in factors such as altitude, speed or
load, means are provided on the wing panels 43
for increasing the sensitivity of such wing panels
to variations in the angle of incidence thereof.
As herein shown, such meeans are afforded by the
trailing edge flaps 135 which are provided on each
of the wing panels 43, Such frailing edge wing
flaps 185 are so arranged that when the wing
panels £9 are rocked so as to change or vary the
coefficient of lift thereof, the trailing edge wing
fAaps 135 are actuated in a cocrdinated relation-
ship to the rocking movement of the wing paneis
48 and in such & sense as to vary the coefficient
of lift in the same sense as the variation caused
by the rocking movement of the wing panel 40.

" The coordinated movement of the {railing edge
wing flaps may be attained i different ways, and
one such means for attaining this result is il-
lustrated in Figs. 12 to 15 of the drawings. Thus

.as shown in Fig. 14, wherein the trailing edge wing

flap 3% is illustrated -in its fairing condition, it
will e clear that an actuating rod {387 is con-
nected to the wing flap 185 by an operating arm
138 so that pivotal connection therewith is dis-
posed beneath the rotative axis 139 of the flap
485, The actuating rod extends in a forwardly
and upwardly direction and is connected at its
forward end to a stationary arm {49 which may
ke mounted upon the supporting truss 45. As

5 herein shown, the actuating rod 137 includes a

- turn buckle adjusting means {41 which, as shown

surface of the wing panel serves to augment the -

eccentric weight of the wing panel to rock the
wing panel downwardly about its rotative axis
and thereby increase the angle of incidence of the
wing. Such a down draft or air gust would prob-
ably be considered to be an unusual condition.
but when encountered, would normally tend to
force the wing panel in a downward direction as
to cause deviation of the airplane from the de-
sired flight path, but. where such down draft or
gust acts as aforesaid to produce an increase in
the angle of incidence of the wing panel, this
tendency of the down draft or gust is overcome
by the resultant increase in the 1ift coeflicient of
the wing panel. In producing this corrective ac-
tion, the downward rocking movement of the wing
panel is oprosed by the aerodynamic lifting forces
effective on the wing panel and the wing panel
therefore assumes a new trim position as deter-
mined by the flap 135, For this reason, the wing
panel is sustained against such downward move-
ment or loss of aliitude and the airplane does not
deviate appreciably from the desired flight path.
When the down draft or gust subsides, the bal-
anced condition of the wing panel is restored and
the wing panel returns to substantially the rela-
tionship shown in Fig. 22 of the drawings.

It will be understood, of course, that the auto-
matic action of the outboard wing panels 40 in
response to down drafts or gusts or up drafts or
gusts, as hereinbefore described, takes place in
the same manner if the disturbing air currents
are applied to one or both of the wing panels 49,
and ‘such corrective action is effective  even In
those instances where the disturbing air currents
are applied in an opposite sense to the two wing
panels 48. ) : ’

Tn order that the corrective controlling action -

a
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in ¥ig. 12, comprises a gear (42 threaded with
threads of opposite lead to the adjacent ends of
the sections of the adjusting rod 137. Thus the

i+ length of the rod 137 may ke adjusted and the

angle of incidence of the wing panel at which the
flap i35 assumes its fairing relationship may be
thus determined and adjusted. With this con-
struction, it will be evident that when the wing

5 flap 49 is pivoted in an upward direction to the

relationship shown in Fig. 13, the trailing edge
wing flap 135 will he pivoted in an upward direc-
tion and in an amount proportional tc the uoward
rocking movement of the wing panel 8. Where

1 the angle of attack of the wing panel is thus re-

duced, the consequent raising of the flap 185 re-
duces the lift of the panel in a manner similar to
the éffect of a raised aileron, and hence the wing
panel rocks downwardly under the action of the
changed aerodynamic forces to assume a new trim
position determined by the setting of the mecha-
nism governing the position of the flap 135. Sim-
ilarly, when the wing panel 4% is rocked down-
wardly, the trailing edge flap {35 thereof will be
rocked downwardly, as shown in Fig, 15, in an
amount proportional to the rocking movement of
the wing panel 48, This lowering of the flap 133
acts in substantially the same manner as the low-
ering of an aileron to increase the lift of the wing

> panel, and this results in upward rocking of the

wing panel to a new position of {rim. Thus the
corrective or restoring action of the wing panel
49 will in every instance be augmented by the re-
lated shifting or rocking movement of the trail-
ing edge wing flap 135 thereol.

In Fig. 16 of the drawings, another mechanism
for coordinating the rocking movement of the
wing flap 135 with the wing panel 48 is illustrated;
and.in this structure, the actuating means for
the wing flap (3§ is interconnected with the ac-
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tuating means for the wing panel 48, - Thus an
arm 185 extended downwardly from the wing
flap 135, has an actuating rod 146 extended for-
wardly therefrom and connected to the upper end
of a rocking lever 147. The upber end 14TA of

the rocking lever 147 is connected by 2 cable 148A

to the lower end {494 of a rocking lever 149, this
rocking lever 148 being disposed on the wing pan-
el 40 adjacent the inner end thereof. In a similar
manner, the lower end 1418 of the rocking lever
{41 is connected by a cable 1488 to the upper end
{498 of the rocking lever {43, In attaining such
interconnection of the rocking levers 147 and 149,
the cables 148A and [48B extend in a forward
direction from the rocking lever 147 and about
a pulley structure {68, The cables 148A and 1488
then extend in a slightly rearward and inward
direction so as to pass respectively about pulleys
i5{ and 152, The cables then extend in an in-
ward direction so as to pass about a pulley struc-
ture 152A and then rearwardly to their points of
connection with the arms of the rocking lever 49.
The rocking lever 148 is arranged to be actuated
from and in a proportional relationship to the
actuation of the rocking shaft 8IR, and in the
present instance, this connection is such as to
enable adjustment of the force transmitting con-
nection therebetween. Thus as shown in Pig. 16
of the drawings, an actuating rod 185 is connected

to the upper arm {89B of the rocking lever 149

and éxtends rearwardly therefrom and is con-

nected to one arm of a horizontally pivoted lever.

158. The lever {58 is centrally pivoted at 157
and its other end is connected-to the upper end
of the lever 80R by an adjustable link 160. The
adjustable link 160 may be of substantially the
same construction as the adjustable link 37 so
that the turn buckle mechanism 141 A thereof may
be rotated to adjust the length.of the link (69.
In the present instance, such adjustment may be
attained from a shaft 181 extended from the
pilot’s compartment and having a gear 162 there-
on connected by a chain {63 to the adjusting gear
181A of the link 158, A similar adjusting mech-
anism 1§48 may be provided for the other one of
the operating connections which operates the
wing flap 135 of the other wing panel 40, and such
adjusting connections (61 and (64B are prefer-
- ably arranged for independent actuation, al-
though actuation of these connections in uni-
son may in many instances be employed. .

The adjustment of the eonnecting links 169
to the trailing edge wing flaps 135 serves to de-
termine the angle of incidence of the outer wing
panels 40 at which the flaps 135 will ke disposed
in a fairing relation to their panels, and hence
this adjustment of the flaps [35 determines the
normal angle of incidence of the outer wing pan-
els in Ilevel flight. Such adjustment of the flaps
135 is, of course, made in accordance with the
altitude and air speed of the flight that is de-
sired or is to be maintained, and after such ad-
justment, the outer wing panels and the flaps
135 will operate automatically to maintain the
airplane in level flight in accordance with such
setting or adjustment. Variations in applied
power or in wind direction may, of course, vary
the air speed of the airplane, so as to thereby vary
the controlling action of the variable incidence
wing flaps, but even under such conditions the
automatic controlling action is such that the air-
plane seeks a level flight condition determined
by the new air speed. Thus, the controlling ac-
tion of the wing panels 49 and their trailing edge
wing flaps 135 is such as t0 prevent undesired
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deviations of the airplane from the desired level
flight course.

From the foregoing it will be evident that the
airplane of the present invention eliminates the
ususal elevators and ailerons, and attains control
of the airplane about its pitching and rolling
axes through the use of exceedingly large and
effective control surfaces. Moreover, the rudder
of the present airplane is operable to automat-
ically assume the proper coordinated position in
banking or rolling movements of the airplane and
hence objectionable slipping or skidding are pre-
vented. :

“The airplane of the prese
that the aerodynamic means that are actuated
manually to attain control of the airplane about
its pitching and rolling aXes may also function
automatically to overcome the usual effects of
disturbing wind currents and gusts. Such aero-
dynamic means as afforded by the present inven-
‘tion are so arranged as to enable the setting
thereof in accordance with the altitude, speed
and other variable factors, and such serodynamic
means, while operable: automatically to maintain
the desired flight path, are available for manual
operation by the pilot at any time when he wishes
to vary such flight path. The trailing edge wing
flaps on the rockable or variable incidence outer
wing panels serve through their adjustable
mounting to determine the normal level flisht
position or normal level flight angle of incidence
of the outer wing panels; and by reason of their
operative interconnection with the outer wing
panels so as to move ‘in the same direction or
sense as such outer wing panels, these trailing
edge wing flaps serve to increase and facilitate
the desired controlling action of the outer wing
panels. ‘ .

" Thus, while I have illustrated and deseribed a
preferred embodiment oftmy invention, it is to
be understood that these are capable of variation
‘and modification and I therefore do not wish to
be limited to the precise details set forth, but
desire to avail myself of such changes and altera-

t invention is such

45 tions as fall within the purview of the following

60

claims.

T claim:

1. Tn an airplane, a central structuire compris-
ing a-fuselage and inner wing panels extended

rigidly and with a forward sweep from opposite

sides of said fuselage, directional control means,
a pair of outboard wing panels dispgsed as sub-
stantial outward continuations of the respective
inhoard wing panels and supported thereon for
limited rocking movement about generally hori-
zontal axes to enable individual variation of the
angle of incidence of such outhoard wing panels,
said inboard wing panels having the mean cen-
ter of 1ift thereof disposed rearwardly of the cen-
ter of gravity of the airplane and said outboard
wing panels having their mean center of lift -
located forwardly of the center of gravity of said

. airplane, the front to rear lines of separation of

[~
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‘the inner and oufter wing panels being so dis-

posed as to extend substantially through the
points where -the quarter chords of the inner
wing vpanels are intersected by a transverse line
extended from the most forward position of the
center of gravity of the airplane perpendicular fo
the longitudinal axis of the airplane, control
means for operating said direction control means,
and means for causing and controlling rocking
gnovement at said outboard wing panels with re-
lation to said central structure.

-2, In an airplane, a central structure compris-
ing 'z fuselage and inner wing panels extended
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rigidly and with a forward sweep from opposite
sides of said fuselage, directional control means
mounted on said eentral structure, 4 pair of out-
board wing panels disposed as substantial out-
ward. continuations of the respective inboard
wing panels and supported thereon for limited
rocking movement. about generally . horizontal
axes to enable individual variation of the angle
of incidence of such' outhoard wing panels, said
inboard wing panels having the mean center of
1ift thers=of disposed rearwardly of the center of
gravity of the airplane and said outboard wing
panels having their mean center of lift located
forwardly of the center of gravity of said air-
plane, said rocking axes of said outboard wing
panels being located forwardly of the line de-
fining the centers of pressure of the respective
outhoard wing panels whereby the positive lifting
forces effective on such outboard panels tend to
rock said panels about their rocking axes, trailing
edge wing flaps on said cutboarg panels, means
operable to actuate the respective trailing edge
flaps with respect to their wing paunels-in pro-
pertion to and in the same sense ags the rocking
movements of the outboard wing panels upon
which they are respectively mounted to produce
aercdynamic forees to oppose and cantrol said
rocking movements. of -the panels induced by
said positive lifting forces, control means for op-
erating said direction control means, and control
means for rocking said cutboard wing panels rel-
ative to said central structure, singly, in unison,
or differentially.

3. In an airplane, a central structure compris-
ing a fuselage and inner wing panels extended
rigidly and with g forward sweep from opposite
sides of said fuselage, directional control means
mounted on said central structure, a pair of out-
board wing panels disposed as substantial out-
ward continuations of the respective inboard
wing panels and supported thereon for limited
rocking movement about generally - horizontal
axes to enable individual variation of the angle of
incidence of such outboard wing panels, said in-

board wing panels having the mean center of lift .

thereof disposed rearwardly of the center of grav-
ity of the airplane and said outboard wing panels
having their mean center of lift located forwardly
of the center of gravity of said airplane, said
rocking axes of said cuthoard wing panels being
located forwardly of the line defining the centers
of pressure of the respective outboard wing panels
whereby the positive lifting forces effective on
such outboard panels tend to rock said panels
about their rocking axes, trailing edge wing flaps
o1 sald outboard panels, and flap control means
oberable to actuate the respective trailing edge
flaps with respect to their wing panels in propor-
tion to and in the same sense as the rocking
movements of the outhoard wing panels upon
which they are Tespectively mounted to produce
aerodynamic forces to oppose and control said
rocking movements of the panels induced by said
positive lifting foreces.

4. In an airplane, g central structure compris-
ing a fuselage and inner wing panels extended
rigidly and with a forward sweep from opposite
sides of said fuselage, directional control means
mounted on said central structure, a pair of out-
board wing panels disposed as substantial out-
ward continuations of the respective inboard
wing panels and supported thereon for limited
rocking movement sabout generally ‘horizontal
axes to enable individual variation of the angle
of incidence of such outboard wing panels, said

£}
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inboard wing panels having the mean center of
lift thereof disposed rearwardly of the center of
gravity of the airplane and said outboard wing
panels having their means center of Lift located
forwardly of thie cenfer of gravity of said air-
plane, said rocking axes of said cutboard wing

-Panels being located ferwardly of the line defin.

ing the centers of pressure of the respective out-
board wing panels whereby the positive lifting
forces effective on such outhoard panels tend to
rock said panels about their rocking axes, trail-
ing edge wing flaps on said outhoard panels, flap
control means operable to actuate the respective
trailing edge flaps with respect to their wing
panels in proportion to and in the same sense as
the rocking movements of the outboard wing
ranels upon which they are respectively mounted
to produce aerodynamic forces to oppose and
control said rocking movements of the panels in~-
duced by said positive lifting forces, angd means
for adjusting said flap control mneans to vary the
angle of incidence of said outer wing panels at
which said flaps assume 3 fairing relation to said
outer wing panels.

5. In an airplane, a central structure compris-
ing g fuselage and inner wing panels extended
rigidly and with a forward sweep.from opposite
sides ‘of said fuselage, directional confrol means
mounted on-said central structure, a pair of out-
board wing panels disposed as substantial out-
ward continuations of the respective inboard wing
banels angd supported thereon for limited rocking
movement about generally horizontal axes to en-
able individual variation of the angle of inci-
dence of such outboard wing panels, said inhoard
wing panels having the mean center of 1ift there-
of disposed rearwardly of the center of gravity of
the airplane and said outboard wing panels hav-
ing their mean center of lift located forwardly
of the center of gravity of said airplane, said
rocking axes of said outboard wing panels being
located forwardly of the line defining the cen-
ters of pressure of the respective outboard wing
banels whereby the positive lifting forces effec-
tive on such outboard panels tend to rock said
panels about their rocking axes, trailing edge
wing flaps on said outboard panels, the front to
rear lines of separation of the inner and outer
wing panels being so disposed as to extend sub-
stantially through the points where the quarter
chords of the inner wing panels are intersected
by a transverse line extended from the most for-
ward location of the center of gravity of the air-
prlane perpendicular to the longitudinal axis of
the airplane, means operable to actuate the re-
spective trailing edge flaps with respect to their
wing panels in proportion to and in the same
sense as the rocking movements of the outboard
wing panels upon which they are respectively
mounted to produce aerodynamic forces to op-
bose and control said rocking movements of the
banels induced by said positive lifting forces, con-
trol means for operating said direction control
means, and control means for rocking said out-
board wing panels relative to said central struc-
ture, singly, in unison, or differentially.

6. In an airplane, a central structure compris-
ing a fuselage and inner wing panels extended
rigidly and with a forward sweep from opposite
sides of said fuselage, directional control means
mounted on said central structure, a pair of out-

. board wing panels disposed as substantial out-

75

ward continuations of the respective inboard wing
panels and supported thereon for limifed rock-
ing movement about generally horizontal axes to
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‘enable individual variation of the
cidence of such outboard Wwing panels, said in=-
“board wing panels having the mean center of 1ift
‘thereof disposed rearwardly of the center of grav-
ity -.of the airplane and said outboard wing pan-
els having their mean. center of lift located for-
wardly of the center of gravity of said airplane,
‘said rocking axes of said outboard wing panels

being located forwardly of the line defining the .

centers of pressure of the respective outhoard
‘wing panels whereby the positive -lifting forces
effective on such outboard panels tend to rock
said panels about their rocking axes, trailing edge
wing flaps on said outbodrd panels, the front
‘to rear lines of separation of the inner and outer
wing panels being so disposed as to extend sub-
stantially through the points where the quarter
chords. of the inner wing panels are intersected

by a transverse line extended froth the most for-
ward location of the center of gravity of the air- *

plane perpendicular to the longitudinal axis of
the airplane, and flap control means operable 0
actuate the respective trailing edge flaps with re-
spect to their wing panels in proportion to and
in the same sense ags the rocking movements of
the outboard wing panels upon which they are
respectively mounted to produce aerodynamic
forces to oppose and control said rocking move-
ments of the panels induced by said positive lift-
ing forces. - )

7. In an airplane, a central structure compris-
ing a fuselage and inner wing panels extended
rigidly and with a forward sweep from -opposite
sides of said fuselage, directional control means
mounted on said central structure, a pair of out-
board wing panels disposed as substantial out-
ward continuations of the respective inboard wing
panels and supported thereon for limited rock-
ing movement gbhout generally herizontal axes to
enable individual variation of the angle of in-
cidence of such ocutboard wing panels, said in-
board wing panels having the mean center of lift
thereof disposed rearwardly of the center of grav-
ity of the airplane and said outboard wing pan-
els having their mean center of lift located for-

wardly of the center of gravity of said airplane,-

said rocking axes of said outboard wing panels
being located forwardly of the line defining the
centers of pressure of the respective outboard
wing panels whereby the positive lifting forces
effective on such outboard panels tend to rock
said panels about their rocking axes, trailing
edge wing flaps on said outboard panels, the front
to rear lines of separation of the inner and outer
wing panels being so disposed as to extend sub-
stantially through the points where the quarter
chords of the inner wing panels are intersected
by a transverse line extended from the most for-
ward location of the center of gravity of the air-
‘plane perpendicular to the longitudinal axis of
the airplane, flap control means operable to ac-
tuate the respective trailing edge flaps with re-
spect to their wing panels in proportion to and
in the same sense as the rocking movements of
the outboard wing panels upon which they are
respectively mounted to produce aerodynamic
forces to oppose and control said rocking move-
ments of the panels induced by said positive lift-
ing forces, and means for adjusting said flap con-
trol means to vary the angle of incidence of said
outer wing panels at which said flaps assume @
fairing relation to said outer wing panels.

8. In an airplane, a central structure compris-
ing a fuselage and inner wing panels extended
rigidly and with a forward sweep from opposite

angle of in-"
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‘sides of said fuselage, directional control means

mounted on said central structure, a pair of out~

‘board wing panels disposed as substantial out-

ward continuations of the respective inboard wing
panels and supported thereon for limited rock-

‘ing movement about generally horizontal axes to

enable individual variation of the angle of in-

‘cidence of such outboard wing panels, said in-
board -wing panhels having the mean center of .

lift thereof ‘disposed rearwardly of the center of

‘gravity ‘of the airplane and said outboard wing

panels having their mean center of lift located

‘forwardly of the center of gravity of said air-
‘plane, said rocking axes of said outhoard wing
panels being located forwardly of the line defin-

ing the centers of pressure of the respective out-

‘board wing panels whereby the lifting forces

effective on such outhoard panels tend to rock

‘said panels about their rocking axes, trailing

edge wing flaps on said outboard panels, means
operable to actuate the respective trailing edge
flaps in proportion to and in the same sense as
the rocking movements of the outboard wing pan-

. els upon which they ‘are respectively mounted
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to produce aerodynamic forces to oppose and con-
trol said rocking movements of the panels in-
duced by said positive lifting forces, control
means for operating said direction control means,
and actuating means mounted on said inboard
panels and connected to said outboard wing pan-
els and operable to rock said outboard wing pan-
els about said axes relative to said central struc-
ture. : .

9. Tn an airplane, a.central structure compris-
ing a fuselage and inner wing panels exiended
rigidly and with-a forward sweep from opposite
sides of said fuselage, directional control means
mounted on said central structure, a pair of out-
board wing panels disposed as substantial out-
ward continuations of the respective inboard wing
panels and supported thereon for limited rocking
movement about geénerally horizontal axes to en=
able individual variation of the angle of incid-
ence of such outhoard wing panels, said inboard
wing panels having the mean center of 1ift there-
of disposed rearwardly of. the center of gravity -
of the airplane and said outboard wing panels
having their mean center of lift located for-
wardly of the center of gravity of said airplane,
said rocking axes of said outboard wing panels
being located forwardly of the line defining the
centers of pressure of the respective outboard
wing panels whereby the lifting forces effective
on such outboard panels tend to rock said pan-
els about their rocking axes, the front to rear
lines of separation of the inner and outer wing
panels being so disposed as to extend substan-
tially through the points where the quarter chords
of the inner wing panels are intersected by a
transverse line extended from the most for-
ward location of the center of gravity of the air-
plane perpendicular to the longitudinal axis of
the airplane, trailing edge wing flaps on said out-
board panels, means operahle to actuate the re-
spective trailing edge flaps in proportion to and
in the same sense as the rocking movements of
the outhoard wing panels upon which they are
respectively mounted to produce aerodynamic
forces to oppose and control said rocking move-
ments of the panels induced by said positive lift-
ing forces, control means for operating said direc-
tioh control means, and actuating means mounf,-
ed on said inkoard panels and connected to sa}d
outboard wing panels and operable to rock said
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outboard wing panels about said axes relative to
said central structure,

10.-In an airplane, a central structure com-
prising a fuselage and inner wing panels ex-
tended rigidly and with a forward sweep- from
opposite sides of said fuselage, directional con-
trol means mountfed on a rear portion of said
central structure for controlling flight with re-
spect to the yawing axis, a pair of outboard wing
panels disposed as substantial outward continu-
ations of the respective inboard wing panels and
supported- thereon for limited rocking movement
‘about generally horizontal axes to enable indi-
vidual variation of the angle of incidence of such
ocutboard wing panels, said inboard wing panels
having the mean center of lift thereof disposed
rearwardly of the center of gravity of the air-
plane and said outboard wing panels having their
.mean center of lift located forwardly of the
center of gravity of said airplane, said rocking
axes of said outboard wing panels being located
forwardly of the line defining the centers of

10

15

20

pressure of the respective outboard wing panels

whereby the positive lifting forces effective on
such outboard panels tend to rock said panels
about their rocking axes, trailing edge wing flaps
on said outboard panels, flap control means oper-
able to actuate the respective trailing edge flaps
with respect to their wing panels in proportion
to and in the same sense as the rocking move-
ments of the outboard wing panels upon which
they are respectively mounted to produce aero-
dynamic forces to oppose and control said rock-
ing movements of the panels induced by said
positive lifting forces, control means for rocking
said outboard wing panels relative to said central
structure, singly, in unison or differentially, gov-

erning means actuated by said control means

when said wing panels are rocked differentially
for operating said direction control means in a
coordinated relationship to the differential move-

20 ments of said wing panels to prevent slipping or

skidding of the airplane.
GEORGE W. CORNELIUS.
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