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This invention relates to certain improvements 
in airplanes and more particularly to an air 
plane of a tailless type; and the nature and ob 
jects of, the invention will be readily recognized 
and understood by those skilled in the aero 
nautical art in the light of the following ex 
planation and detailed description of the ac 
Companying drawings illustrating what I at 
present believe to be the preferred embodiments 
or aerodynamic, mechanical and structural ex 
preSSions of my invention from among various 
other embodiments, forms, designs, arrange 
Inents, constructions and combinations of which 
my invention is capable within the broad spirit 
and SCOpethereof. 
My present invention relates to the design of 

airplanes of the so-called “tailless' types and is 
directed to overcoming the problems and reduc 
ing the difficulties inherent in and encountered 
With Such types. The invention is fundamentally 
COIncerned With the design of an airplane of 
Such type that is truly tailless, that is, one in 
which there is no aerodynamic structure sub 
stantially to the rear of the lifting surface of the 
airplane and no aerodynamic structure substan 
tially forward of such lifting surface, whether 
such surface be in the form of a monoplane wing 
or multiplane wings, so that all aerodynamic 
Structures or elements are substantially dis 
posed within the projected area or plan of the 
lifting surface and/or above or below such lift 
ing surface. With the prevailing types of so 
called tailless airplanes, various expedients, such 
as 'Sweep back' and 'staggered’ relation of 
vertically Spaced multiplane wings are resorted 
to as Substitutes for the rearwardly located tail 
of the conventional types of airplane, but, in a 
tailless design of the present invention, no such 
expedients are present as no substantial sweep 
back or stagger of the wing or wings is utilized 
so that the design embodies a wing or wings 
having the maior longitudinal or spanwise axes 
at Substantially or approximately right angles 
or perpendicular to the fore and aft or longi 
tudinal axis of the airplane. 
The problems of longitudinal stability and 

longitudinal control of the tailless types of air 
plane, are fundamental ones inherent in the 
general type and these problems are met with in 
an accentuated and high degree in a tailless air 
plane of the type characterized by the basic de 
Sign of my invention in which design such means 
as "Sweep back' or 'stagger' of the Wing or 
wings, or other means are substantally elimi 
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stability in a tailless airplane embodying my 
fundamental design, is provided by employing 
a lifting surface in the form of a Wing or wings 
having an inherently longitudinally stable air 
foil section, that is, a section that provides a sub 
stantial positive moment about the aerodynamic 
center at zero (0) lift, so that such lifting sur 
face has a center of pressure movement in the 
proper directions relative to changes in the angle 
of attack of the lifting surface to thereby pro 
vide for the required inherent longitudinal sta 
bility throughout the flight range. m 
The shifting or changing of the location of the 

center of gravity of a tailless airplane due to the 
shift in weight distribution by changes in use 
ful load is another problem inherent in the type 
and one that is rendered of increased impor 
tance by the present airplane of my design em 
bodying an inherently longitudinally stable lift 
ing surface or wing, because in a tailless air 
plane, incorporating such an inherently longi 
tudinally stable wing, the practical location for 
the center of gravity of the airplane is within 
definite definable limits that are of consider 
ably Smaller range than those encountered in 
more conventional tailless or tailed types of air 
planes. A further feature and characteristic of 
my present invention resides in the design of 
the airplane to provide such a structural and 
aerodynamic relationship between the longitudi 
nally stable lifting surface or wing or wings and 
the other elements of the airplane, with the 
weight distribution and possible useful load lo 
cation changes, that a predetermined but definite 
limited range of center of gravity location is 
provided for while maintaining stability and 
controllability within practical flight limits, and 
in such a manner that the center of gravity may 
not shift or change beyond the limitation of the 
said predetermined range. 
Another feature of the invention in relation 

to changes in center of gravity location of the 
tailless type of airplane hereof, is found in the 
provision for selectively adjustably trimming 
the airplane longitudinally in order to compen 
sate for changes in the center of gravity location 
to relieve the load on the pilot's controls that 
would otherwise be present. 
The longitudinal controllability throughout 

the flight range of an airplane of the tailless type, 
particularly when of the truly tailless type Such 
as provided by my present design, includes cer 
tain aerodynamic and structural problems and 
difficulties. One of such problems and difficul 

nated. The basis for obtaining longitudinal 55 ties arises from the requirement of the design 
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for location of all aerodynamic elements or mem 
bers substantially within the plan or projected 
area of the lifting surface or wing, so that, what 
ever movable longitudinal or pitching control 
surfaces may be employed, such surfaces must 
be located substantially within the plan or pro 
jected area, and/or above or below, of the wing 
and preferably, although not necessarily, to the 
rear of the center of gravity of the airplane. 
With a longitudinal control surface or surfaces 
so located, the longitudinal or pitching control 
forces developed by movement thereof are applied 
at the wing at a relatively short distance from 
the center of gravity, as compared to the conven 
tional airplane having a tail-carried longitudinal 
control Surface, in which latter case, the longi 
tudinal control forces are applied outside of the 
projected area of the wing at a considerable dis 
tance from the center of gravity of the airplane. 
The application of the longitudinal control 

forces at the wing but a short distance from the 
center of gravity of the airplane, by means of 
a displaceable control surface or surfaces located 
substantially within the plan or projected area 
of and/or above or below the wing, results, upon 
initiation of the control movement of such a lon 
gitudinal control surface, in the creation of lon 
gitudinal control forces acting a short distance 
away from the center of gravity of the airplane 
and in directions that cause the airplane to be 
displaced in the direction opposite to that de 
sired. This first movement resulting from such 
initially produced vertical control forces, is then 
followed by pitching movement of the airplane 
in the direction desired in accordance with the 
longitudinal control moments developed by the 
displacement of the longitudinal control surface. 
This "hunting' or adverse displacement of the 
airplane is a very undesirable fight condition 
and particularly objectionable in the handling 
and piloting of a tailless airplane. 
The practical elimination or substantial re 

duction of the foregoing tailless airplane longi 
tudinal control problems is a feature of my in 
vention and is characterized by the provision of 
one form of longitudinal control system of the 
invention that includes a vertically displaceable 
longitudinal control Surface or surfaces substan 
tially within the projected area or plan of the 
wing or lifting Surface for developing the re 
quired pitching moments acting in the desired 
directions, together with means in the form of 
a vertically displaceable surface substantially 
within the projected area of the wing for dis 
placement in such relation to any particular di 
rection and degree of displacement of the lon 
gitudinal control surface, as to neutralize or sub 
stantially eliminate or reduce the adverse verti 
cal control forces developed by the displacement 
of the longitudinal control surface, so as to there 
by reduce the undesirable conditions above 
pointed out as inherent in such longitudinal con 
trol of a tailless airplane of the types referred 
to herein. 

I have discovered and determined that the 
neutralization or reduction in the undesirable ad 
verse vertical control forces developed by verti 
cal displacement of the longitudinal control sur 
face or surfaces, by the use of another vertically 
displaceable surface or surfaces, requires a vary 
ing relative angular relation between a control 
surface and such a force neutralizing surface, 
which relationship basically requires displace 
ment of the neutralizing surface in the Opposite 
direction from that in which the control surface 
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is displaced; and further that the ratio or rela 
tion between the opposite angles at which these 
movable surfaces are respectively displaced rela 
tive to the wing or lifting surface, varies in ac 
cordance with other flight conditions, such as 
the angle of attack of the wing dr lifting sur 
face and the direction of displacement of the 
longitudinal control surface, that is, whether 
such latter surface is displaced to a positive or 
negative angle relative to the lifting surface. 
Another feature of my invention is the provi 

sion of a design and arrange ent of longitudinal 
control system -functioning in accordance with 
the foregoing principles and by which the vary 
ing relation between the angular displacements 
of a longitudinal control surface and a vertical 
control force neutralizing surface may be ob 
tained as required in accordance with and under 
the varying flight conditions, through the me 
dium of adjustment of the angular displacement 
and direction of displacement of the neutraliz 
ing surface relative to the angular displacement 
and direction of displacement of the longitudinal 
control surface, 
My invention further provides in the practical 

applications and adaptations of the basic longi 
tudinal control principles of the foregoing form 
of longitudinal control of my invention, for either 
mounting a vertically displaceable longitudinal 
control surface on and carried by a vertically 
displaceable vertical control force neutralizing 
surface, with the latter surface independently 
adjustable relative to the control Surface, Or, in 
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independently mounting the longitudinal control 
surface and the neutralizing surface on the wing, 
With the latter Surface displaceable Or adjustable 
to determine its angle of displacement and direc 
tion of displacement relative to that of the Con 
trol surface independently of displacement of the 
control Surface; and, as a further feature in pro 
viding, if desired, for utilizing such neutralizing 
Surfaces as ailerons or roll control surfaces with 
out interfering with their operation as neutraliz 
ing surfaces per se. 
In accordance with a further feature of the 

invention, in connection with those forms of the 
longitudinal control that embody a displaceable 
longitudinal Control Surface and a vertically dis 
placeable control force neutralizing surface, these 
surfaces are coincidentally, but differentially op 
erated for longitudinal control by a suitable con 
trol operating mechanism, but when such sur 
faces are so coincidentally and differentially op 
erated, the forces acting upon the pilot's control 
are reversed and therefore, following a further 
feature and characteristic of the invention, a 
form of irreversable control mechanism or some 
Other form of mechanical and/or aerodynamical 
means for reversing the forces on the pilot's 
control is utilized. 
The longitudinal control, following a further 

feature of the invention, may be provided by ver 
tically disposed laterally displaceable control sur 
faces mounted at or adjacent the opposite wing 
tips and located above and below the wing, re 
Spectively, with the opposite surfaces above the 
wing operable independently of the opposite sur 
faces below the wing, together with suitable con 
trol operating mechanism for selectively simul 
taneously laterally displacing in the opposite di 
rections, either the control surfaces above the 
wing or the control surfaces below the wing, in 
order, in the former case, to establish stalling mo 
ments, and, in the latter case, diving moments, 
for the purpose of longitudinally controlling the 
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airplane. This form of control likewise affects 
the lift on the airplane in the opposite direction 
to that desired and therefore, it is desirable to 
have some form of vertical control force neu 
tralizing surface or surfaces which can be oper 
ated in any suitable manner to aerodynamically 
cooperate with the longitudinal control surfaces 
in order to eliminate or reduce such adverse 
forces. 
Another feature of the invention resides in the 

design and arrangement of directional or yaW 
control for airplanes of the tailless types, and 
particularly the truly tailless type of the basic 
design of my present invention; and this feature 
is characterized fundamentally by the provision 
of opposite wing tip rudders located substantially 
within the plan, or projected area of the lifting 
surface or wing and laterally displaceable about 
vertical axes, together with an operating control 
system that provides for selective displacement 
of either wing tip rudder alone without displace 
ment of the opposite rudder for directional or 
yaw control; and resides further in the provision 
for the design and location of such rudder Sur 
faces so that upon operation of either of then, 
the displaced rudder surface functions primarily 
to establish drag at its respective wing tip with 
out causing any appreciable change in lift on the 
wing even with the displacement of the rudder 
establishing a stalling moment at Such wing tip. 

In connection with the directional control pro 
vided by the wing mounted rudders, the inven 
tion is characterized by the elimination of any 
fixed vertical fin surface as a part of the rudder 
and as distinguished from tip loss shields or Sur 
faces or other remotely mounted fixed vertical 
surfaces for directional stability; and is further 
featured by the design of a rudder surface to 
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tured by an arrangement which provides the for 
ward ground engaging elements as spaced apart 
laterally and mounted for vertical displacement 
under landing and taxiing loads and forces, 
but which forward elements are so operatively 
aSSOciated with each other and With a common 
shock absorbing unit that vertical displace 
ment of one element is necessarily accompanied 
by positive corresponding vertical displacement 
in the same direction of the other elements and 
independent vertical displacement of such 
ground engaging elements is thereby prevented, 
so that the airplane tends to always maintain its 
normal horizontal attitude laterally. 
As a further feature of this invention, the de 

sign and arrangement of the landing gear pro 
vides for inherent directional stability while mov 
ing forward on the ground, due to the location 
of the center of gravity intermediate the for 
ward and rear ground engaging elements with 
the rear element or elements normally direc 
tionally fixed and the forward element or ele 
ments of the landing gear mounted for castering 
So that upon ground contact in landing or in taxi 
ing the airplane Supported by such landing gear 
will always assume and maintain its direction of 
movement rather than its direction of heading. 
The tailless types of airplanes also present 

serious take off problems and difficulties which 
are accentuated in the truly tailless type in which 
no aerodynamic elements are located substan 
tially to the rear or forward of the lifting surface 

35 

provide a cambered section having the side of 
greatest camber positioned inboard. 
A further feature of the invention resides in 

40 

the elimination of the directional or yaw control 
surfaces and the utilization of the ailerons Cr 
rol control Surfaces for the dual function of roll 
control and directionai or yaw control, thereby 
providing for flight operation of the tailless air 
plane of my basic design by only two controls. 
The design, arrangement and mounting of a 

landing gear for a tailless type of airplane pre 
sents certain problems and difficulties due to the 
limitations on location imposed by the tailless de 
sign and especially by a design of the truly tail 
less type such as disclosed herein where it is de 
sirable to avoid locating any structure appre 
ciably outside of the plan or projected area of the 
lifting surface. An important feature of my in 
vention is presented by a design, arrangement 
and mounting of a landing gear primarily adapted 
to the conditions met with in the truly tailless 
type of airplane hereof but which is of general 
application to other aircraft as well, in which 
landing gear the rear landing surface engaging 
element or elements is located within the pro 
jected plan or area of the wing while the forward 
landing surface engaging elements are located 
spaced a minimum distance forwardly from the 
leading edge of the wing, and which rear and 
forward landing surface engaging elements so 
positioned have a definite location relative to the 
center of gravity of the airplane and the range 
of center of gravity movement, which location is 
preferably equidistant from the center of gravity 
so that any tendency of the airplane to nose over 
backward is substantially eliminated. 
The landing gear of the invention is also fea 
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or wing, due to the practical impossibility of 
developing moments acting about the center of 
gravity of the airplane in order to change the 
ground Supported attitude thereof and place the 
wing or wings or lifting surface at a sufficient 
angle of attack to develop a lift coefficient of a 
magnitude required for taking the airplane off. 
Thus, the angle of attack of the lifting surface 
Or wing can not be sufficiently increased for take 
of and it either becomes impossible at the ground 
supported attitude of the airplane to acquire suf 
ficient speed to develop the required lift from the 
wing at its angle of incidence for the ground 
Supported position of the airplane, or, an exces 
sively long ground run is required in order to 
attain the necessary speed to develop the re 
quired take of lift, - 
An important feature of my invention is di 

rected to the elimination of the take off diff 
culties encountered with the tailless types of air 
planes due to the presence of the above referred 
to general conditions, which feature is not only 
adapted to the tailless types but to airplanes 
generally, and which fundamentally and bas 
ically embodies a relative arrangement and lo 
cation of the center of gravity, the ground en 
gaging elements of the landing gear, the hori 
Zontal attitude of the body and the angle of 
incidence of the lifting surface fixed relative 
thereto, together with the line of thrust where 
this thrust is above the center of gravity, such 
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that as the thrust force is applied for take off, 
a moment is established acting around the cen 
ter of gravity tending to nose the airplane down, 
but as forward speed increases, the lift developed 
by the wing is increased, and due to the fact that 
the wing is inherently longitudinally stable, this 
lift acts upwardly and forward of the center 
of gravity producing a stalling moment at small 
angles of attack which counteracts the thrust 
moment so that the load on the forward ele 
ments of the landing gear is thereby reduced 
and the angle of attack increased up to that 



4. 
angle at which the lift force on the wing coin 
cides with the center of gravity. Due to the 
fact that this coincidence may occur at an angle 
of attack less than that desired for take off, it is 
necessary to incorporate some additional mechan 
ical means of increasing the angle of attack still 
further; and a further characteristic Of this fea 
ture of the invention resides in providing a Con 
stantly acting upward force or forces of a re 
quired magnitude tending to raise the forward 
portion of the body and wing of the airplane 
relative to the forward ground engaging elee 
ments of the landing gear in a manner to increase 
the angle of attack of the wing to such an angle 
that the required lift for take of may be devel 
oped. 
Another feature of the invention resides in 

the provision of drag creating members to funca 
tion as air brakes and in providing Such members 
in a definite relation and association with the 
wing and the contour lines of opposite sides of 
the body and the airflow to the propeller in order 
that such drag Creating members may function 
without interfering with airflow past the body 
and to the propeller, while in fact tending to 
increase the efficiency of such flow and to de 
crease propeller noise; and further in providing 
such members of a design and a location on the 
wing such than when operated the members 
establish a stalling moment for landing. 
Another feature of the invention resides in 

providing an improved and efficient pilot oper 
ated steering mechanism for the forward caster 
ing ground engaging elements or wheels of the 
landing gear. 
The invention further provides as a feature 

thereof, for the efficient cooling of an aircooled 
motor located at the rear of the airplane and 
enclosed from the airflow; and this feature is 
characterized by an arrangement of cooling air 
ductS or passages leading from the forward end 
or nose of the body to the motor and discharg 
ing downwardly and rearwardly through the 
fairing or housing structure for a rear ground 
engaging element of the landing gear, whereby 
during flight a Suction force is established at 
the discharge end and a positive pressure at the 
intake end of such passages to thereby circulate 
air rearwardly therethrough for cooling the 
motor. 
A further feature of the invention in connec 

tion with Such cooling system provides for the 
automatic Operation from the motor of a fan or 
blower for circulating air through said passages 
when the airplane is on the ground either at rest 
Or taxiing and for disengaging such fan or blower 
when the airplane leaves the ground. 
With the foregoing general features, charac 

teristics and results in view, as well as certain 
others that will be readily recognized from the 
following description, my invention consists in 
certain novel features in design, arrangement, 
combination and construction of elements and 
parts, all as will be more fully and particularly 
referred to and Specified hereinafter. 

Referring to the accompanying drawings in 
which similar reference characters refer to cor 
responding parts throughout the several figures: 

Fig. 1 is a view in top plan of a tailless air 
plane embodying the design and various features 
of my invention. 

Fig. 2 is a view in front elevation of the air 
plane of Fig. 1. 

Fig. 3 is a view in side elevation of the airplane 
of Figs. 1 and 2. 

O 
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Fig. 4 is a transverse vertical section through 

the wing of the airplane of Fig. 1 showing the 
mounting and associated control mechanism for 
the adverse control lift neutralizing surface and 
the vertically displaceable longitudinal control 
Surface pivotally mounted along the trailing edge 
thereof. 

Fig. 5 is a detailed view in side elevation of the 
unit for reversing the motion applied to concen 
tric control pedal shafts. 

Fig. 6 is a rear end elevation of the revers 
unit of Fig. 5. 
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Fig. 7 is a more or less schematic view in 
perspective of the operating mechanism for the 
longitudinal control Surfaces and adverse lift 
neutralizing surfaces where the former surfaces 
are mounted on the neutralizing surfaces and 
the neutralizing surfaces are independently ad 
justable relative to the control surfaces. 

Fig. 8 is a more or less schematic view in per 
Spective of the Operating mechanisms for the lon 
gitudinal control Surfaces and adverse lift neu 
tralizing Surfaces where the latter surfaces are 
mounted On the wing independently of the lon 
gitudinal control Surfaces and are also operable 
differentially as ailerons or roll control Surfaces. 

Fig. 9 is a detail view of a portion of a modified 
form of longitudinal control surface and neu 
tralizing Surface operating mechanism of the ir 
reversible type in which such surfaces are co 
incidentally and differentially actuated. 

Fig. 10 is a perspective view more or less dia 
grammatic showing the opposite wing tip rud 
ders and their mounting, together with the oper 
ating control System therefor including the con 
trol pedals and showing in dotted lines a con 
trol position of the right wing tip rudder and the 
aSSOciated pedals. 

Fig. i.1 is a more or less diagrammatic view 
in perspective showing the opposite wings and 
the Spaced laterally Swingable air brake sur 
faces with the operating mechanism therefor. 

Fig. 12 is a view in perspective showing the 
forward castering landing wheels of the landing 
gear and the vertically Swingable Supporting 
struts or legs therefor associated at their inner 
ends with the common shock absorbing unit and 
force exerting spring acting thereon, together 
with the operating mechanism for arbitrarily 
steering said forward castering landing wheels. 

Fig. 13 is a view in side elevation more or less 
schematic showing the body of the airplane in 
Outline and indicating the center of gravity lo 
cation relative to the landing gear wheels, and 
further showing the arrangement of operating 
System for the forward and rear wheel brakes, 
and also showing more or less diagrammatically 
the mounting of the rear wheel of the landing 
gear and its associated Shock absorbing unit. 

Figs. 13A, 13B, 13C and 13D, are purely sche 
matic views in outline indicating progressively 
the altitude of the airplane and the directions of 
the various forces acting thereon during certain 
period of take-off, from ground position with 
engine off, to the moment of take-off. 

Fig. 14 is a view in side elevation of the air 
plane of Figs. 1 to 3 and showing the air circulat 
ing ducts or passages of the engine cooling sys 
tem together with the engine driven fan or blower 
..for mechanically circulating air through such 

... ducts or passages while on the ground, and a 

75 

form of automatic means for disengaging the 
blower while the airplane is in the air. 

Fig. 15 is a detail view in front elevation show 

s 
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ing the air duct or passage intake at the forward 
or pressure end of the body. 

Fig. 16 is a detail view partly in vertical Sec 
tion showing the construction and arrangement 
of means for circulating cooling air Over an en- . 
gine exhaust pipe. 

Fig. 17 is a detail view in vertical section 
through a cable slack take up unit as employed in 
certain of the control operating systems of the 
invention. w 

Fig. 18 is a view in vertical section through the 
forward or front wheels and their vertically dis 
placeable supporting legs or struts in operative 
connection with the common centrally located 
shock absorbing unit and force exerting spring. 

Fig. 19 is a view similar to Fig. 18, but showing 
the force exerting spring, shock absorbing unit, 
and wheel struts in their positions with the air 
plane supported on the ground. 

Fig. 20 is a perspective view, more or less dia 
grammatic, showing a form of longitudinal con 
trol and operating system therefor embodying 
vertical opposite wing tip mounted laterally dis 
placeable control surfaces above and below the 
wings. 
A truly tailless airplane embodying the basic 

design and various features of my invention is 
illustrated by Way of example and not in all re 
spects of limitation, in the accompanying draw 
ings, and while the various features of the inyen 
tion are of particular utility and efficiency in 
overcoming and reducing the problems and diffi 
culties of the tailless types of airplanes, it is to be 
understood that certain features are not only 
adaptable to and useful with other types of tail 
less airplanes, but aircraft generally, and such 
general adaptability of any such features will be 
referred to hereinafter in the detailed descrip 
tions thereof. 
The illustrated embodiment hereof of my basic 

design and arrangement of tailless airplane, re 
ferring now particularly to Figs. 1, 2 and 3 of the 
drawings, includes a body or fuselage B of stream 
line form and, in the example hereof, of enclosed 
cabin type providing the Occupant space or com 
partment which includes preferably, although not 
necessarily, a side-by-side seating arrangement 
as indicated by One of Such side-by-side seats S 
shown in Fig. 13 of the drawings. This body B 
may be of any suitable or desired construction 
and includes, referring now to Fig. 14 of the 
drawings, a suitable enclosed space or compart 
ment therein to the rear of the Occupant cOm 
partment for receiving and housing the engine E 
in the upper portion thereof for driving, in the 
present instance, a pusher propeller P. 
The body B may, as in the example hereof, in 

clude and provide at its rear upper side, an up 
wardly projecting vertical fin forming structure 
F. At its lower rear side, the body B is provided 
with a depending housing or fairing H for the 
rear wheel O of the landing gear and as an out 
let for the engine cooling air. The upper vertical 
fin F and the depending housing or fairing H. 
therebelow provide vertical fin area, contributing 
to directional stability of the airplane. 
The body B is mounted upon and carried by a 

landing gear that includes the rear ground en 
gaging element or wheel to located within the 
housing or fairing H, which rear Wheel is dis 
posed in the vertical plane of the longitudinal or 
fore and aft axis of the body B, and the forward 
landing wheels spaced apart laterally of the 
body and located and positioned at opposite sides 
thereof spaced outwardly a considerable distance 

O 

5 
therefrom in order to provide a relatively wide 
tread. The rear wheel O is directionally fixed 
and vertically displaceable, while the forward 
wheels l are vertically displaceable and mounted 
for Castering or lateral swinging for providing 
directional stability in cooperation with the rear 
directionally fixed wheel O, and for arbitrarily 
steering the airplane on the ground in accordance 
With the fundamental principles of the landing 
gear design of the invention. 
The lufting surface of the airplane is provided 

by the Wings RW and LW extending laterally 
from opposite sides of the body B, and, in the 
example hereof, of monoplane form, , although 
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thedral. 

obviously, the invention is not lumuted or re 
stricted to the use of monoplane wings as it con 
templates and includes various multiplane wing 
arrangementS within the fundamental require 
ments of the invention if desired or found expedi 
ent. 

Inherent longitudinal stability 
In the example hereof, the opposite wings LW 

and RW include the inner or root ends thereof 
formed by the center section wing panel provid 
ing the opposite wing stubs RW' and LW' in 
accordance With more or less usual design and 
constructional practice, and the wings are 
mounted and fixed to the body in the example 
hereof at approximately zero (0) degrees di 

The WingS RW and W are disclosed in 
Fig. 2 of the drawings as at approximately zero 
(0) degrees dihedral. 
The wings RW and LW forming the lifting sur 

face of the airplane are mounted in position rela 
tive to the body B such that the trailing edges of 
the Wings, in this instance, are at substantially 
right angles or perpendicular to the longitudinal 
axis of the body and are located substantially in 
line with the rear end of the body so that the 
Wings or lifting surface have no substantial rear 
Ward projection beyond the tail end of the body, 
or the body has no substantial projection rear 
Wardly beyond the trailing edges of the wing. 
The lifting surface or wings RW and LW are of 
inherently longitudinally stable type and are 
Without any substantial sweepback in the present 
instance, and in accordance with the truly tail 
leSS design of the invention, the lifting surface 
should have no appreciable sweep back but should 
preferably have its major medial longitudinal or 
Spanwise axis approximately at right angles or 
perpendicular to the fore and aft or longitudinal 
axis of the body B and the airplane, although it 
is to be here pointed out that a design of my 
invention may, if desired, include some degree of 
sweepback for the purpose of physically balanc 
ing the airplane, but not for the primary purpose 
of securing aerodynamic stability per se. 
The supporting Surface or Wings RW and LW 

for the airplane are, in acuordance with a basic 
characteristic of the invention, of an airfoil sec 
tion such that these wings are inherently longi 
tudinally stable, that is, a wing section which 
provides a wing having a substantial positive 
moment about the aerodynamic center at Zero (0) 
lift, that is, a wing Section with a substantial 
positive value C70. 
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The leading edge of the lifting surface formed 
by the wings RW and LW is located to the rear 
of the forward or nose end of the body B and, 
in the particular example hereof, a slight distance 
to the rear of the forward wheels of the land 
ing gear, as will be clear by reference to Figs. 2. 
and 3 of the drawings in particular, although this 
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is not an essential or critical factor in the design. 
It so happens that in the particular design illus 
trated, the leading edges of the wings RW and 
LW have an outward rearward inclination to pro 
vide the normal taper of a cantilever wing. 

Lateral or roll control 
The lateral or roll control for the design of tail 

less airplane of Figs. 1 to 3 may be of any suitable 
or desired type but in this instance is disclosed as 
a more... or less conventional control embodying 
the opposite wing ailerons or angularly vertically 
displaceable surfaces A forming trailing portions 
of the wing or lifting surface and adapted for 
operation through a suitable control Operating 
mechanism. The ailerons A are mounted for a 
distance along the outer or tip portion of the span 
of the wings RW and LW and an operating mech 
anism is provided, referring now to Fig. 8 of the 
drawings, which includes the usual pilot's control 
stick or other manually operable control member 
C mounted for lateral swinging or movement for 
aileron actuation and coupled by means of a 
torque tube 4 for transmitting such lateral rock 
ing of the control stick through the connected 
opposite push-pull tubes 5 and 6 to the opposite 
wing ailerons A. The outer end of push-pull rod 
5 is connected with a bell crank 7, which bel 

crank is coupled by a link a with the adjacent 
aileron A, while the Outer end of the push-pull 
rod 6 is coupled with a bell crank 8 mounted 
in the wing LW and coupled with the aileron A of 
such wing by a link 8a. This arrangement of 
operating mechanism for the opposite wing 
ailerons A, while only shown in Fig. 8 of the draw 
ings, is adapted for operating the opposite wing 
ailerons A of Figs. 7 and 9, in order to obtain the 
usual actuation of those ailerons for lateral or roll 
control. However, the invention is not concerned 
with the specific operating mechanism for the 
ailerons or other roll control surfaces. w 

Preferably, each of the ailerons or roll control 
surfaces A is provided with a suitable trimming 
tab or trailing surface a mounted thereon and 
vertically angularly adjustable relative to the 
aileron. Such a tab a is shown on an aileron A 
of Fig. 1 of the drawings. 

Longitudinal. Or pitch control 
The longitudinal or pitch control of my inven 

tion, adapted particularly for the conditions pre 
sented by the tailless type of airplane, is disclosed 
in one form and adaptation thereof in Fig. 7 when 
considered in connection with Fig. 1 of the draw 
ings. This longitudinal control embodies the 
hereinbefore referred to principles of my invention 
by which longitudinal control or pitching mo 
ments are developed acting about the center of 
gravity of the airplane for longitudinal or pitch 
ing control thereof, and provides for reducing or 
Substantially eliminating the adverse vertical lift 
resulting from the actuation of the longitudinal 
control surfaces L. 
The longitudinal control Surface or Surfaces 

may be, as in the present example, in the form of 
vertically angularly displaceable trailing portions 
of the lifting surface or wings of the airplane, 
such as surface L providing the trailing portion 
of each of the wings RW and LW along the span 
thereof. Each of these longitudinal control sur 
faces L is vertically angularly displaceable by 
means of a suitable operating mechanism to posi 
tive or negative angles relative to the lifting Sur 
face or wing in order to establish the desired longi 
tudinal control or pitching moment acting in the 
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2,890,989 
required direction about the center of gravity of 
the airplane. The opposite wing longitudinal 
control surfaces L are simultaneously displaced 
to obtain the required longitudinal control, and, 
as heretofore pointed out, the displacement of 
these control Surfaces develops adverse lift SO 
that if these control surfaces L are displaced 
downwardly to cause the airplane to dive, then, 
upon initiation of this control movement, the ad 
verse lift established will cause the airplane to 
rise. In the same manner, as the longitudinal 
control surfaces L are upwardly displaced so as to 
cause the airplane to pitch, about the center of 
gravity in the direction of stall, then the reverse 
action takes place and the airplane is caused to 
sink by the adverse lift. 
In accordance with my invention, provision is 

made for reducing or neutralizing these adverse 
lifts, caused by operation of the longitudinal COn 
trol surfaces L. In the present expression of this 
feature of my invention, I have provided adverse 
lift neutralizing surfaces W in the form of ver 
tically angularly displaceable surfaces forming 
portions of the lifting surface or wings of the 
airplane and I have mounted one such surface 
W on each of the wings RW and LW disposed 
spanwise thereof, with each. Surface V hinged 
along a hinge axis 20 (see Fig. 7) between its 
leading edge and the trailing edge portion of the 
fixed wing structure there-ahead. 
In the form of the longitudinal control ar 

rangement of FigS. 1 and 7, the longitudinal con 
trol surfaces I, are mounted on and carried by 
the neutralizing surfaces W, respectively, each 
longitudinal control Surface I, being hinged along 
a hinge axis 2 to the trailing edge of a surface 
W so that the connected neutralizing surface W 
and longitudinal control Surface L of each wing, 
form vertically displaceable trailing portions of 
the wing and in their normal neutral positions 
carry out and define the normal airfoil section 
and contour of the Wing. 

For longitudinal control, the adverse lift neu 
tralizing Surfaces V of the opposite Wings are 
simultaneously vertically displaced independently 
of displacement of surfaces I, into angular posi 
tions relative to the Wings at angles relative to 
the angle of vertical displacement of the said 
longitudinal control Surfaces L., and in direc 
tions opposite the direction of displacement of 
such longitudinal control Surfaces. Suitable 
mechanism is provided for simultaneously an 
gularly vertically displacing the neutralizing sur 
faces W about their hinge axes 20 and independ 
ently of the displacement of the longitudinal con 
trol surfaces, SO that the adverse lift neutralizing 
surfaces W may be adjustably displaced arbi 
trarily by the pilot. 
A form of Operating and control mechanism 

for the adverse lift neutralizing surfaces W is 
more or less diagrammatically disclosed in Fig. 7 
of the drawings and embodies a shaft or rotat 
able member 22 mounted in suitable bearings 22a 
with this shaft disposed intermediate the op 
posite wings RW and LW and transversely of and 
through the center section RW' and LW', and 
the body B. . This shaft 22 is provided with in 
ternally threaded axial bores at its opposite ends 
with the threads of these opposite end bores op 
positely threaded, that is, one bore having a 
right-hand thread and the other a left-hand 
thread. A threaded rod 23 is provided extending 
axially into and engaged by the threaded bore 
at the right-hand end of shaft 22, and a similar 
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threaded rod 24 extends axially into and engages 
the threaded bore at the left-hand end of the 
shaft 22. The opposite end threads of the shaft 
bores and the threads of the opposite rods 23 and 
24 are arranged so that upon rotation of shaft 
22 in one direction, the rods 23 and 24, which 
are held against rotation, but which are free to 
move axially, are simultaneously moved into the 
shaft, while upon rotation of the shaft in the op 
posite direction, these rods are simultaneously 
moved outwardly from the ends of the shaft. 
A bell crank 23a is mounted within the wing 

RW forward of the neutralizing surface W of that 
wing, and one arm of this bell crank is connected 
by a link 25 with the outer end of rod 23, there 
being a universal joint 25a connecting the inner 
end of link 25 with rod 23. The other arm of bell 
crank 23a is coupled with a depending undersur 
face horn 26 on surface W by a link 26a. In the 
left-hand wing LW, there is provided a bell crank 
24a forward of the neutralizing surface W of that 
wing and one arm of this bell crank is connected 
with the outer end of rod 24 by a link 27 through 
a universal joint 27a. The other arm of the bell 
crank 24a is coupled with a depending horn 28 
in surface W by a link 28a. 
The arrangement of the opposite wing bell 

cranks 23a and 24a with the linkage coupling the 
surfaces W through these cranks to the opposite 
rods 23 and 24 in the shaft 22 is such that upon 
rotation of shaft 22 in one direction, the rods 23 
and 24 are simultaneously drawn inwardly to 
simultaneously raise or vertically angularly dis 
place the opposite wing neutralizing surfaces W, 
while rotation of shaft 22 in the opposite direc 
tion will simultaneously force the opposite rods 
23 and 24 outwardly from shaft 22 and thus 
simultaneously lower or angularly displace the 
opposite wing surfaces W downwardly. 
A pilot controlled and operated mechanism is 

provided for selectively rotating shaft 22 in 
either direction in order to raise or lower the ad 
verse lift neutralizing surfaces W of the opposite 
wings RW and LW, and Such mechanism may, 
as in the example hereof, take the form of a 
shaft 29 rotatable by a hand crank 30 and hav 
ing fixed thereon a sprocket or gear 3. A 
Sprocket or gear 32 is fixed on shaft 22 and is 
operatively connected with the sprocket or gear 
3 of operating shaft 29 by means of a suitable 
chain 33. The shaft 29, with its operating hand 
crank 30, is mounted at a Suitable location in 
the body B readily accessible to the pilot, and a 
visual indicating mechanism may be included 
that embodies a rack 34 engaged by the gear or 
sprocket. 3 and carrying an indicator pin or 
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Crank 38 is connected to a longitudinal control 
surface I rearwardly thereof by means of a link 
36b. The lower arm of crank 36 of wing RW is 
connected with an arm of bell Crank 37 mounted 
in the wing forward of surface V, by a link 37a, 
and the lower arm of lever 36 of wing LW is 
connected by a link 38a with an arm of a bell 
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Crank 38 mounted in wing LW forward of its 
neutralizing surface W. 
A bell Crank 39 is mounted at a suitable loca 

tion intermediate the wings RW and LW and 
has its opposite arms operatively connected with 
the Opposite wing bell cranks 3 and 38 between 
push-pull rods 39a and 39b, The bell crank 39 
is rocked by and from longitudinal or fore and 
aft rocking movement of the pilot's control stick 

20 

25 

30 

35 

. 40 

C through the medium of a link or a push-pull 
rod 40 connecting the stick C with an arm of . 
the bell crank 39. Thus, forward movement of 
the control stick Csimultaneously lowers Or down. 
wardly angularly displaces the opposite longi 
tudinal control surfaces L., while rearward move 
ment of the control stick C simultaneously raises 
or angularly displaces the longitudinal control 
Surfaces L., upwardly, the angular displacement 
upwardly or downwardly of these surfaces L. 
taking place about the hinge axes 2 thereof 
along the trailing edges of the opposite neur 
tralizing surfaces W. 
The arrangement of the operating mechanism 

for the opposite longitudinal control surfaces L., 
With the levers 36 of such mechanism rocking 
about the hinge axes of the neutralizing surfaces 
W, respectively, upon which surfaces the longi 
tudinal control surfaces are mounted in trailing 
position, enables vertical angular displacement 
of the longitudinal control surface independently 
of and without effecting displacement of the neu 
tralizing Surfaces, notwithstanding the positions 
to which Such latter surfaces may have been 
adjusted. 
The vertical displacement upwardly or down 

wardly of the adverse lift neutralizing surfaces 
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pointer 35 for actuation by rotation of gear 3 
to indicate the direction and degree of vertical 
displacement of the adverse lift neutralizing 
Surfaces W. 
In the form and arrangement of longitudinal 

control of Fig. 7, in which the opposite longi 
tudinal control surfaces E, are mounted on and 
hinged to the opposite neutralizing surfaces V, 
respectively, along the hinge lines 21, the oper 
atting mechanism for the longitudinal control 
Surfaces I is, of course, coupled with and actu 
ated by the pilot's control stick C. In this in 
stance, such mechanism includes a vertically dis 
posed lever 36 mounted on each wing RW and 
LW intermediate or between a neutralizing sur 
face W and the forward portion of the wing struc 
ture for rocking about an axis 36a intermediate 
its ends coincident with the hinge axis 20 of each 
respective surface. W. The upper arm of each 
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W is accomplished by the operating mechanism 
therefor as heretofore described, by rotation of 
the hand crank 30 in the required direction to 
raise or lower the surfaces W, and such adjust 
ment of Surfaces W is carried out independently 
of the longitudinal control movements of the 
surfaces L. by the fore and aft rocking move 
ment of the control stick C. It is to be noted 
at this point that the Operating mechanism for 
simultaneously vertically displacing the neu 
tralizing. Surfaces W, is of the irreversable type 
provided by the threaded rods 23 and 24 engaged 
in the threaded shaft 22 so that this operating 
mechanism will maintain the neutralizing sur 
faces Win an angularly adjusted position against 
displacement and without requiring the appli 
cation of any forces by the pilot to maintain 
the surfaces in their adjusted position. 

In the flight operation of the longitudinal con 
trol surfaces L., and the adverse lift neutralizing 
surfaces V, in the particular design of tailless 
airplane here shown as an example, I have dis 
covered and determined that there is a varying 
ratio throughout the fight range between the 
angle to the wing or lifting surface at which the 
longitudinal Control surfaces L are displaced and 
the opposite angle at which the neutralizing sur 
faces W are displaced in order for the latter to 
neutralize or reduce the adverse lift developed 
by the displacement of the surfaces L. As here 
inbefore pointed out, the surfaces V, in order 
to function to neutralize or reduce the adverse 

  



S 
lift, must be displaced in a direction opposite 
the direction of displacement of the longitudinal 
control surfaces L., that is, when the longitudinal 
control surfaces are displaced to a positive angle 
as for a dive, then the neutralizing surfaces are 
displaced to a negative angle, while if the longi 
tudinal control surfaces are displaced to a nega 
tive angle to cause the airplane to stall, then 
the neutralizing surfaces are displaced to a posi 
tive angle relative to the lifting Surface. 
The relationship between the angle of a neu 

tralizing surface and the opposite angle of dis 
placement of a longitudinal control surface varies 
with the angle of attack of the lifting Surface or 
wings of the airplane, and also, this relationship 
between the opposite angles of these Surfaces 
varies in accordance with the direction of dis 
placement of the longitudinal control Surface, 
that is, as to whether the surface is displaced 
to a positive or negative angle. For example, at 
high angles of attack of the lifting surface or 
wings, in general, in order to neutralize or com 
pensate for adverse lift, it is necessary to dis 
place the neutralizing surfaces to larger angles, 
both positive and negative, than at low angles of 
attack, and in this high angle of attack condition, 
with the longitudinal control Surfaces at nega 
tive angles, it is necessary to displace the neu 
tralizing surfaces to slightly larger positive an 
gles than when the control surfaces are at posi 
tive angles. At low angles of attack of the lift 
ing surface or wings, I have found that the neu 
tralizing surfaces may be moved to Smaller posi 
tive than negative angles in order to neutralize 
or compensate for the adverse lift developed by 
the displacement of the longitudinal control sur 
faces to negative and positive angles, respectively. 
I have also determined in connection with the 
above, that for the condition of no variation in 
the lift force, the moment is greater for positive 
angles of the longitudinal control surfaces, that 
is, for the dive condition, than for the negative 
angles of the longitudinal control Surfaces, that 
is, for the stall condition. At low angles of at 
tack of the lifting surface or Wings with the lift 
force unchanged, the resulting moment is great 
er for the negative angles of displacement of the 
longitudinal control Surfaces representing the 
stalling moment than the resulting moment is 
tir the corresponding positive angles of displace 
ment representing the dive moment. 
With the independently operable adverse lif 

neutralizing surfaces V of the arrangement of 
Fig. 7, the pilot, upon displacement of the longi 
tudinal control surface L for longitudinal control, 
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or variations in the weight distribution of the 
useful load. The adjustment of the neutralizing 
surfaces W for purposes of longitudinal trim, may 
be carried out independently of and without in 
terfering with the longitudinal control operation 
of the surfaces I, mounted on the neutralizing sur 
faces, such surfaces L., being operable in any 
position to which surfaces V are displaced or 
adjusted. Upon adjustment of the neutralizing 
surfaces W to a displaced position, for longitudinal 
trim, these surfaces may then be operated from 
the adjusted position for purposes of neutralizing 
adverse lift. 

Longitudinal trim may also be obtained by a 
lifting surface or wing camber varying operation 
of the longitudinal control surfaces and the neu 
tralizing surfaces, with those forms of the in 
vention in which the longitudinal control Surfaces 
are mounted on and carried by the neutralizing 
surfaces, through displacement of the longitudinal 
control Surfaces and the neutralizing Surfaces in 
the same direction. For example, with the longi 
tudinal control system and arrangement of Fig. 
7, by displacing the neutralizing Surfaces W and 
longitudinal control surfaces I, in the same direc 
tion, the camber of that portion of the span of 
the wing occupied by Such surfaces is changed 
and the airplane may be trimmed longitudinally 
by such camber change. After such a wing cam 
ber varying displacement of the longitudinal 
control Surfaces and the neutralizing surfaces, 
with the arrangement of Fig. 7, the operation of 
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the longitudinal control Surfaces the cooperative 
independent displacement of the neutralizing sur 
faces, as hereinbefore explained, may then be 
carried out for longitudinally controlling the 
airplane. - 

Attention is here directed to the fact that in the 
the selection of an inherently longitudinally stable 
wing, there is available a large Selection of ranges 
of center of gravity location. 

For example, with Such inherently longitudi 
nally stable wings having a positive Cimo moment, 
that is, a moment having a value of from 0 to 
--.020, there is available a very large degree of 
controllability within the flight range due to the 
small inherent stabilizing moments. w 
NYSE: it is a fact that in order to main tain stability in the flight range, the location of 
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may then, by rotation of the hand crank 30 in 
the proper direction, displace the neutralizing sur 
faces in a direction opposite to that of the dis 
placement of the longitudinal control surfaces 
and at a relative angle that may be required in 
order to neutralize the adverse lift developed by 
the displacement of the longitudinal control sur 
faces. This independent operation and adjust 
ment of the neutralizing surfaces thus enables the 
pilot to displace and 3djust Such Surfaces in ac 
cordance with the fight conditions, including 
angle of attack of the lifting Surface or wings 
and direction and degree of displacement of the 
longitudinal control surfaces. 
These vertically angularly displaceable ad 

verse lift neutralizing Surfaces W and the irre 
versible operating mechanism therefor, may be 
utilized for the purpose of longitudinally trim 
ming the airplane to compensate for changes in 
the center of gravity location resulting from shifts 
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the Center of gravity is limited to a range of 
approximately three per cent (3%) of the mean 
aerodynamic chord, making it difficult to practi 
cally utilize these wing sections, except where the 
variation in useful load limits the range of the 
center of gravity to approximately three per cent 
(3%) of the mean aerodynamic chord. 
With such wings having a substantial positive 

Cimo moment, that is, such a moment having a 
value in the range from -.020 to --.045, there 
is available a smaller degree of controllability 
within the flight range due to the larger inher 
ently stabilizing moments. Nevertheless, it is a 
fact that in order to maintain stability in the 
fight range, the location of the center of gravity 
is limited to a range approximately six per cent 
(6%) of the mean aerodynamic chord, making 
it possible to practically utilize these wing sec 
tions where the variation in the useful load limits 
the range of the center of gravity to approxi 
mately six per cent (6%) of the mean aerody 
namic chord. 
Such wings having a large positive Cimo mo 

ment, that is, such a moment having a value in 
the range from .045 upwards, there is available 
a very much smaller degree of controllability 
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within the fight range due to the much larger 
inherent stabilizing monents. Nevertheless, it is 
a fact that in order to maintain controllability in 
the flight range the location of the center of 
gravity is limited to a range of approximately 
three per cent (3%) of the mean aerodynamic 
chord, making it difficult to practically utilize 
these wing sections except where the variation in 
useful load limits the range of the center of 
gravity to approximately three per cent (3%) 
of the mean aerodynamic chord. 

Therefore, a feature and characteristic of my 
present invention is in the discovery that the 
wing having such characteristics and range of 
center of gravity location may be employed with 
and as an element of a tailless airplane to obtain 
certain important and highly advantageous re 
sults from the standpoint of flight control and of 
structural design and weight distribution. There 
fore, as a preferred condition, utilize an in 
herently stable wing having a substantial or ap 
preciable positive Cimo moment, for example, such 
a moment having a value in the range from .020 
to .045 permitting a range of center of gravity 
location of approximately six per cent (6%) or 
from fifteen (15) to twenty-one (21) per cent, 
measured along the mean aerodynamic chord of 
the wing from the leading edge thereof. 

in Fig. 8 of the drawings, another form and 
arrangement of longitudinal control is disclosed 
employing the basic principles of the longitudinal 
control in the form of Fig. 7, but, mounting the 
longitudinal control Surfaces on fixed Structure of 
the wings or lifting surface instead of on the 
neutralizing surfaces. 

Referring to Fig. 8, the longitudinal control 
Surfaces L are mounted upon the opposite Wings 
RW and LW as vertically displaceable trailing 
portions of the wing extending along the Span 
thereof inboard of the opposite wing ailerons A, 
these longitudinal control surfaces L' being 
hinged to the fixed portion of the wings forward 
thereof along the hinge lines 2. 
The longitudinal control Surfaces L' of Fig. 8 

are actuated by generally similar pilot operated 
mechanism. Such as that shown and described 
in connection. With Fig. 7, which mechanism in 
cludes the bell crank 39 connected with the con 
trol stick by the link 40 and with the opposite wing 
mounted bell cranks 3 and 38, respectively, by 
the push-pull rods 39a and 39b. Bell crank 37 of 
Wing RW is connected with the longitudinal con 
trol Surface I' by the link 3c and the bell crank 
38 of the wing LW is connected with the longi 
tudinal control surface L of that wing by the link 
38c. Thus, forward movement of the control 
Stick Csimultaneously lowers longitudinal control 
Surface I' while rearward movement of the con 
trol Stick C simultaneously raises the longitudinal 
control surfaces. 
The feature of the form and arrangement of 

Fig. 8 resides in the utilization of the opposite 
Wing ailerons A as the adverse lift neutralizing 
surfaces for displacement and adjustment by the 
pilot independently of the longitudinal control 
actuation of the surfaces L', and further, without 
interfering with the pilot actuation of these op 
posite wing ailerons A as roll control surfaces. 
In carrying out this feature, the rotatable hollow 
shaft 22 having the opposite rods 23 and 24 oppo 
sitely threaded axially into opposite ends there 
of, as explained in connection with Fig. 7, is uti 
lized, but, this shaft is not only rotatably mount 
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9 
is rotated by the sprocket and chain mechanism. 
including the hand operating crank 30 of Fig. 7, 
but due to the fact that the shaft has axial move 
ment bodily through its bearings 22b, the sprocket 
32 is splined or keyed onto the shaft 22 by means 
of a key 32a so as to permit axial movement or 
sliding of the shaft 22 through the sprocket 32 
While providing for rotation of the shaft 22 by 
rotation of the Sprocket. 
The simultaneous vertical displacement in the 

Sane direction for adverse lift neutralizing func 
tion of the opposite ailerons or roll control sur 
faces A, is carried out by rotating the shaft 22 
from the hand crank 30, in a direction to either 
draw rods 23 and 24 inwardly or force them out 
Wardly. Rod 23 is coupled by the push-pull rod 
5 with a right-hand wing aileron. A through the 

bell crank and link Ta, while the rod 24 is 
coupled with the aileron A of wing LW through 
the push-pull rod 6, through the bell crank 8 
and the link 8d. 
The differential displacement of the opposite 

ailerons A for roll control has been hereinbefore 
generally referred to and is carried out independ 
ently of the operation of ailerons A as adverse lift 
neutralizing Surfaces through the medium of the 
push-pull rods 5 and 6 and the shaft 22. In 
the particular example hereof, the torque tube 
shaft 4 which is rockable or rotatable by lateral 
movement of the control stick C through the 
linkage 4, extends to a point disposed trans 
Versely of but adjacent shaft 22 and carries a 
yoke 42 through which shaft 22 extends. A sleeve 
(3 is rotatably mounted on shaft 22 and confined 
between the opposite end collars 44 fixed to shaft 
22. This sleeve 43 carries the diametrically oppo 
site outwardly extending studs 45 which are piv 
otally received in slots in the opposite upwardly 
extended arms of yoke 42. Thus, shaft 22 is free 
to rotate in sleeve 43 and is axially or longitudi 
nally movable by rocking yoke 42. 

Lateral control actuation of the opposite ailer 
OraSA is thus carried out by rocking control stick 
C which rocks the torque tube f4 and in turn 
rocks yoke 42 to axially move shaft 22 in one 
direction or the other to vertically displace the 
opposite ailerons A in opposite directions through 
the push-pull tubes 5 and 6. The axial move 
ment of shaft 22 is carried out by sliding this . 
shaft in its bearings 22b and through the sprocket . 
32 keyed to the shaft. 
In another form of longitudinal control of the 

invention, the longitudinal control surfaces and 
the adverse lift neutralizing surfaces are simul 
taneously and coincidentally, but differentially 
Operated throughout the control range from a 
common control, which, in the example hereof, 

60 

65 

70 

ed in its bearings 22b but is also axially movable 
or slidable through these bearings. The shaft 22 

is provided by the pilot's control stick C. A pos 
sible arrangement of mechanism for carrying out 
Such coincidental and differential operation of 
the longitudinal control and the neutralizing sur 
faces, is illustrated by Fig. 9 of the drawings when 
considered in connection with Fig. 7. 
The arrangement of the system and mechanism 

of Fig. 9 provides for fore and aft or forward 
and rear Swinging of the control stick C, rotating 
a shaft 6 which carries a relatively large sprocket 
or gear 47 operatively connected with a relatively 
Small sprocket or gear 48 mounted on the shaft 
29 by a chain 49. The ratio between Sprocket or 
gear 4 on shaft 46 and the sprocket or gear 48 
On Shaft 29 is relatively large, so that a small 
degree of rotation of sprocket or gear 47 will re 
Sult in considerably greater rotation of Sprocket 

75 or gear 48 on the shaft 29. 
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Rotation of the shaft 29 through the above 

arrangement of gearing rotates the shaft 22 to 
simultaneously raise or lower the neutralizing 
surfaces V, referring now to Fig. 7 of the draw 
ings, and as this lowering or raising of surfaces 
V is caused by rearward or forward movements 
of the control stick C, there is coincidental and 
simultaneous upward or downward displacement 
of the longitudinal control surfaces I respec 
tively. 
The cranks and connecting links and their rel 

ative angular displacements in the longitudinal 
control operating mechanism are so arranged 
that upon fore and aft movements of the con 
trol stick C, the neutralizing surfaces V will be 
displaced in the direction opposite to the direc 
tion of displacement of the control Surfaces L. 
and at varying angles of displacement relative 
to the angles of displacement of the surfaces L. 
throughout the range of control displacement of 
these latter surfaces. This differential or vary 
ing angle ratio is such that the required neu 
tralizing effect of surface Wis obtained in accord 
ance with the angle of attack of the wings or 
lifting surfaces and the direction of displace 
ment of the longitudinal control surfaces, that 
is, whether this displacement is to a positive 
or negative angle position relative to the lifting 
Surfaces Or WingS. 
With the simultaneous, coincidental and dif 

ferential actuation of the longitudinal control 
surfaces L and the neutralizing surfaces W from 
a common control point, it is essential that there 
be included some form of irreversible operating 
mechanism betwen the neutralizing surfaces W. 
and the pilot's control, Such as the control stick 
C, and in the example hereof, the irreversible 
mechanism is provided by the threaded rods 23 
and 24 engaged in the threaded shaft 22, through 
the medium of which the displacement of the 
neutralizing surfaces is obtained. 
It is to be further noted that a preferred fea 

ture of any arrangement of mechanism for car 
rying out the coincidental and differential op 
eration of the longitudinal control and adverse 
lift neutralizing surfaces is to arrange such 
mechanism, as in the example of Fig. 9, taken 
with Fig. 7, so that the longitudinal control sur 
faces are directly coupled to the pilot's control 
member, such as the stick C, rather than coupled 
mechanically through the irreversible mechanism 
in the operating system for the neutralizing Sur 
faces, in order to obtain normal control stick 
force loads as to magnitude and direction. I 
have determined that while under certain COn 
ditions it may be desirable to operate the longin 
tudinal control surfaces and the neutralizing 
surfaces coincidentally, the forces acting on the 
pilot's controls are reversed and it is practically 
necessary and essential to provide SOme means 
to either relieve the load entirely as by an irre 
versible control mechanism, or by the introduc 
tion of some other form of mechanism and/or 
aerodynamic means for reversing these forces 
on the pilot's control. This condition is there 
fore remedied by the foregoing feature of my in 
vention as typified by the example of an arrange 
ment of Fig. 9 utilizing the irreversible mecha 
S. 
The invention also includes in combination 

with the longitudinal control surfaces of a tail 
less airplane, the use of aerodynamic means or 
members in the form of trailing surfaces or tabs 
mounted on a control surface and angularly ver 
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in Fig. 1 of the drawings, I have shown trailing 
surfaces or trimming tabs l adjustably mounted 
On the trailing portion of each control surface 
L and vertically angularly adjustable relative to 
the control surface on which mounted. Similar 
tabs are to be used with longitudinal control sur 
faces L' of Fig. 8, if desired. 

Longitudinal control of the tailless type of air 
plane such as provided by a design of the pres 
ent example may be obtained by the use of wing 
mounted, vertically disposed surfaces which are 
laterally displaceable, instead of by the use of 
the horizontal or elevator type of control sur 
faces L. or L' hereinbefore described. For exam 
ple, in Fig. 20 of the drawings, I have more or 
less diagrammatically disclosed a longitudinal 
control system, arrangement embodying such 
vertical laterally displaceable longitudinal con 
trol surfaces mounted on the opposite wings ad 
jacent the respective wing tips above and below 
the wing for simultaneous, lateral displacement 
of the surfaces above the wing to develop stall 
ing moments, or simultaneous lateral displace 
ment of the surfaces below the wing, to develop 
diving nonents. 

In the arrangement of Fig. 20, a vertical longi 
tudinal control surface L is mounted on the lift 
ing surface at the upper side thereof adjacent 
each tip of Such lifting surface or wing and these 
opposite wing tip surfaces L are laterally Swing 
able about vertically disposed axes. Suitable op 
erating mechanism connects these two control 
surfaces with the pilot's control stick, such as the 
control stick C, SO that these surfaces are simul 
taneously laterally displaced in opposite direc 
tions when the control stick is moved rearwardly 
from its neutral control position, but remain in 
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active when the control stick is moved forward 
from its neutral control position. This lateral 
displacement of these opposite wing tip vertical 
surfaces develops stalling moments for longi 
tudinal control. 
A generally similar pair of vertically disposed 

laterally displaceable longitudinal control sur 
faces L3 are mounted on the lift surface or op 
posite wings adjacent the tips thereof, respec 
tively, but at the under side of the lifting sur 
face with the surfaces I depending or extend 
ing downwardly therebelow and mounted for 
lateral displacement. Suitable operating mecha 
nism is provided coupling these lower longitudi 
nal control surfaces I with the pilot's control 
stick, in such a manner that forward movement 
of the control stick from its normal neutral con 
trol position will simultaneously laterally displace 
the surfaces L in opposite directions to develop 
diving moments for longitudinally controlling the 
airplane. The operating mechanism for the 
lower longitudinal control surfaces L is so ar 
ranged that upon rearward movements of the 
control stick C from its normal neutral control 
position, the longitudinal control surfaces L re 
main inactive and in their neutral positions. 
As an example, an Operating mechanism for 

the upper longitudinal control surfaces I may 
embody a cable 96 connected to the lower end 
of the control stick C below the axis of fore and 
aft Swing of the stick, which cable is coupled to 
branch cables 96a and 96b extending over suit 
able pulleys outwardly along opposite wings, re 
spectively to the Operating arms 96c and 96d of 
the opposite vertical control surfaces L. A cable 
slack take up unit M is included in the cable 
System between the cable 96 and the branch 

tically adjustable relative thereto. For instance, 75 cables 96a and 96b. Thus, rearward swinging 
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of the control stick C will draw cable 96 forward 
and simultaneously laterally displace the upper 
longitudinal control surfaces L. Suitable trail 
ing edge tabs. 96e may be employed for returning 
the Surfaces LP to their normal neutral control 
positions upon release of the operating cables by 
forward movement of the control stick C, or, the 
surfaces may be spring loaded for return move 
ment thereof upon release. 

The lower vertical longitudinal control sur 
faces L are actuated by forward movement of 
the control stick C through a cable 97 connected 
to the control Stick above its axis of longitudinal 
SWing, which cable is connected through the slack 
take up unit M with the branch cables 9a, and 
97b extending around suitable pulleys outwardly 
through the opposite Wings to the control sur 
face operating arms 97c and 97d, respectively, of 
the opposite surfaces L. Thus, forward move 
ments of the control stick C draw cable 9 for 
wardly, and through cables 9a, and 97b, the 
lower vertical surfaces L are simultaneously dis 
placed laterally to develop diving moments for 
longitudinal control. The vertical longitudinal 
control Surfaces I may be returned upon release 
to their normal neutral control positions by trail 
ing edge tabs such as 96e or they may be spring 
loaded by a spring such as indicated at 98 on 
the right-hand control surface. Such a return 
Spring may be connected With the control Surface 
operating arm or in any other suitable manner. 
Preferably, Suitable stops are provided (not 
shown) such as those provided for the Vertical 
and laterally displaceable surfaces R or D of 
Figs. O and 1. 
The cable slack take up units MI in the cable 

Systems functions to eliminate slack in that Sys 
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tem remaining inactive when the other system . 
is operated for control. 
Such an arrangement of vertical wing mounted 

and laterally displaceable surfaces may be em 
ployed alone as the sole longitudinal control for 
the airplane, or, may be utilized together with 
the longitudinal control forms of Figs. 7 and 8 
in which vertically displaceable horizontal Sur 
faces, Such as I and L are employed so that these 
vertical types of longitudinal control surfaces 
augment the longitudinal control monents de 
veloped by control surfaces such as L and L'. 

Similarly, these vertical laterally displaceable 
forms of longitudinal control Surfaces may, in 
accordance with my invention, be used in co 
operation with longitudinal control surfaces of 
the type of L, or I', in arrangements by which 
either the vertical longitudinal surfaces L2 above 
the wing are alone utilized, or, vertically laterally 
displaceable longitudinal control Surfaces I be 
low the wing are alone used. 

In the operating or use technique, the vertical 
or laterally displaceable Surfaces LP and L3 may 
be employed for developing the pitching moments 
while control surfaces of the horizontally dis 
posed vertically displaceable type such as L, or 
such as the ailerons A, may be employed as ad 
verse force neutralizing surfaces. In the opera 
tion of these vertical types of longitudinal con 
trol surfaces L2 and L3, adverse forces are set up 
by their operation, of the same general character 
as discussed in connection with the adverse lift 
developed by the horizontal vertically displace 
able types of control surfaces, so that the inven 
tion recognizes such conditions and includes with 
the vertical types the use of an adverse force Or 
lift neutralizing Surface or Surfaces. 
While I recognize that the wing tip location is 
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the most efficacious, my invention is not limited 
Or restricted to such location but includes various 
locations spanwise of the wing. As an example 
of the approximately extreme inboard location of 
such surfaces, reference is made to the air brake 
surfaces D of Fig. 11, and to the fact that such 
Surfaces so located develop a pitching moment. 

Control synchroniaing 
As shown in dotted outline in Fig. 1 of the 

drawings, the space or gap between the vertically 
angularly displaceable types of control surfaces 
Such as the control surfaces L, V and A, may be 
closed against pressure leakage by applying suit 
able Sealing means, such as the tapes or flexible 
Sealing strips 95, to close the passage. Sealing of 
the gap between these surfaces increases the ef 
fectiveness of the controls, and in accordance 
with my invention, varying the degree to which 
the gaps are sealed is varied so as to result in 
a Synchronizing of the control reaction on the 
pilot, so that, the movement of the control mem 
ber actuated by the pilot is in the proper propor 
tion with regard to both the magnitude of the 
force and the angular displacement of the con 
trol member, in this way synchronizing the con 
trol reaction on the pilot. 

Directional or gau) control 
The directional or yaw control for the tailless 

airplane of my design is in this instance pro 
vided by vertical rudders R mounted at the up 
per sides of the wings RW and LW adjacent the 
Wing tips, respectively, and located on the rear 
or trailing portions of the wings. 

Referring now to Fig. i0 of the drawings in 
particular, each rudder R is rotatably mounted 
upon shaft 50 on the wing adjacent the wing tip 
and So located that the trailing edge of the up 
Wardly extending rudder R terminates substan 
tially at or but a relatively short distance to 
the rear of the trailing edge of the wing tip 
structure. In normal neutral control position, 
each rudder R is disposed at Substantially a 
ninety degree (90) angular position relative to 
the major longitudinal axis of the wing and is 
moved for directional or yaw control about the 
axis provided by the shaft 50 by displacing the 
rudder outwardly so that it assumes the dotted 
line position of the rudder R on wing RW of 
Fig. 10. 
The operating control mechanism for each rud 

der R, includes the outwardly extended hori 
Zontally disposed lever arm 5 in fixed relation 
to a rudder R for Swinging therewith, and this 
arm, in the normal neutral control position of a 
rudder R is engaged against a stop member 52. 
A Spring 53 is connected between the free end of 
each rudder actuating arm 5 and a fixed point 
in the Wing structure to the rear of the arm so 
that in each instance such spring 53 normally 
draws and holds the arm 5 swung rearwardly 
against the stop 52 to maintain the rudder R, in 
its normal neutral, control position. 
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The pilot's control mechanism for operating 
the opposite wing tip rudders R. provides for 
selective actuation of either rudder alone in ac 
cordance with the yaw control principles of my 
invention, and in the present instance, embodies 
a pair of foot pedals 54 and 55 located in suitable 
position for pilot actuation. These pedals 54 
and 55 are mounted and fixed upon concentric 
shafts 56 and 5 with the shaft 56 extending 
into and rotatably received by shaft 57 so that 
there may be relative rotational movement of 
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these shafts. It so happens that in the present 
example, I have shown a possible dual control 
pedal arrangement for side by side seats, such 
arrangement including the pair of pedals 5' and 
55 with pedal 54 carried by shaft 56 and pedal 
55 by shaft 57. The pedal 54 of shaft 56 ex 
tends through a slot or opening provided in the 
shaft 57 to permit movement of this pedal for 
rotation of shaft 56 independently of and with 
out interfering with the shaft 5, as will be clear 
by reference to Fig. 10 or to Fig. 12. 
An arm 58 fixed on shaft 56 is connected by an 

operating cable 59 with the outer free end of 
the crank arm 5 of the left rudder on the wing 
LW and an arm 60 is fixed on the shaft 5 and 
is connected with the outer free end of the crank 

10 

arm 5 of the right rudder on wing RW by an 
operating cable 6. The operating cables 59 
and 6 extend over and around suitable pulleys 
to guide and maintain these cables in operative 
position between and connecting their respective 
pedal shafts with the rudder crank arms. 
A cable slack take up unit M is connected in 

and forms a part of each of the cables 59 and 
6, respectively, the construction and arrange 
ment of such a slack take up unit being disclosed 
in Fig. 17 of the drawings to which reference 
will now be made. The unit M, for example, 
embodies a cylindrical casing 62 carrying a 
plunger 62a mounted for longitudinal recipro 
cation within the cylinder and extending out 
'wardly through one end of the cylinder for con 
nection to the cable in which the unit is mount 
ed. The opposite end of the casing 62 is adapt 
ed to be connected by any suitable coupling to 
an end of the cable in which the unit is utilized. 
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A coil expansion spring 62b is interposed be 
tween the head of the plunger 52a and the shoul 
der or abutment structure 62c in the casing and 
the plunger carries a collar or stop 62d spaced 
a distance from the plunger head for engaging 
the abutment structure 62c to limit movement of 
the plunger in the casing in one direction. In 
normal position connected into an Operating 
cable, the normal load in the cable maintains 
the coil spring under partial contraction so that 
upon removal of the load in the cable, the spring 
62 expands further to force the plunger through 
the casing and draw the opposite sections of the 
cable in which the unit is mounted closer to 
gether and thus take up any slack in the cable. 
With the arrangement of opposite wing tip 

rudders and the operating mechanism therefor, 
in the form of the present example, only one rud 
der is operated at a time to obtain directional 
or yaw control. For example, if it is desired to 
turn the airplane to the left, the left rudder R. 
on wing LW is displaced by the pilot laterally 
outwardly, while the opposite right rudder R on 
wing RW remains in its normal neutral po 
sition. If it is desired to turn the airplane to 
the right, the right rudder.R, on wing RW is 
actuated by the pilot and the left rudder on 
wing LW remains in its normal neutral control 
position. 
Outward displacement laterally of the left 

rudder R on wing LW in order to set up yawing 
moments acting in a direction to turn the air 
plane to the left, is accomplished by pushing the 
left pedal 5 (5'). forwardly to rock shaft 56 
and pull the cable 59 forwardly and thereby 
Swing rudder R. laterally outward against the 
tension of its spring 53. During this left rudder 
actuation, shaft 56 rotates independently of the 
shaft 5 and the right pedal 55 is moved in the 
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opposite direction through reversing unit N, with 
the resultant slack in cable 3 taken up by unit 
M, so that there is no actuation of the opposite 
right rudder R. Upon release of the forwardly 
rocked left pedal 54 by the pilot, the left rudder 
spring 53 returns that rudder to its normal neu 
tral control position with the crank arm Sf en 
gaged and held against the stop by the spring. 
Lateral outward displacement of the right rudder 
R on wing RW is accomplished by the pilot push 
ing or rocking the right pedal 55 forwardly 
which rocks shaft 57 and through arm and 
cable 6, swings right rudder R laterally out 
wardly to control position against the tension 
of spring 53. Release of the right pedal per 
mits the spring 53 to return right rudder R to its 
normal neutral control position with its arm Sl 
held against the stop 52. 
In place of or in conjunction with the rudder 

return spring 53, I may employ a form of aero 
dynamical means for returning a rudder to and 
holding it in neutral position against its stop, 
such for example as a suitable tab surface a 
mounted on the trailing edge of the rudder and 
angularly adjustable to establish the required 
force acting in the required direction to return 
and maintain the rudder to and at its neutral 
control position. 

If desired or found expedient, a form of pedal 
shaft motion reversing mechanism of my inven 
tion may be employed for a steering control Sys 
tem of the type above described and as shown 
in Fig. 10 of the drawings. Such a reversing 
unit N is disclosed in operative position coupling 
shafts 56 and 57 in Fig. 10 of the drawings and 
is shown in detail by FigS. 5 and 6 of the draw 

S. 
Referring now to Figs. 5 and 6, the unit N in 

cludes a suitable casing structure 63 in which 
is mounted a shaft 64 carrying the spaced oppo 
site wheels or rollers 65 rotatably mounted there 
on, with the rollers 65 confined in opposite tracks 
provided by the casing structure 63, so that this 
shaft and its supporting rollers are movable or 
slidable longitudinally back and forth within the 
casing structure 63. Casing structure 63 is pro 
vided with longitudinally disposed slots or Open 
ings in its upper and lower sides and a link 56 
is mounted on shaft 64 intermediate the rollers 
65 and extends forwardly therefrom to and is 
pivotally connected with an upwardly extend 
ing arm 67 fixed on the pedal shaft 57. A link 
68 is mounted on and carried by the shaft 4 
and this link 68 extends forwardly and down 
wardly to an arm 69 fixed on and carried by the 
pedal shaft 56. 
Thus, the unit N operatively couples and con 

nects the pedal shafts 56 and 5 carrying the 
right and left pedals, through the medium of the 
links 66 and 68 and the common shaft. B4 bodily 
transversely movable back and forth in the cas 
ing structure 63. Hence, upon Operation of a 
left pedal 54 (54) to actuate the left rudder with 
the forward rotation of the shaft 56, arm 69 on 
that shaft is rocked rearwardy and through link 
68 slides or rolls shaft 64 in the unit N rear 
wardly in the casing structure 63. Rearward 
movement of shaft 64 pulls the link 66 rearwardly 
and rearwardly rotates the right pedal shaft 57, 
thus reversing the movement of that shaft and 
the right pedal 55 (55) carried by that shaft 
with respect to the forward control operating 
movement of the left pedal 54 (54). Upon the 
control actuation of a right pedal 55 (55') to 
rotate shaft 57 forwardly, the unit N reverses 
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such motion and transmits it to shaft 56 as a 
rearward motion of that shaft and the left pedal 
65 (54) carried by such shaft. Thus, a simul 
taneous operation of a pair of right and left 
pedals in the reverse directions is obtained. With- 5 
such reverse movement of the opposite idle pedal 
to a control operated pedal, there is of course a 
slackening of the rudder operating cable con 
nected to the idle pedal but the slack so resulting 
in a rudder operating cable is taken up by a 
slack take-up unit N connected in the cable. 
A rod or the like 64d is connected through 

the common shaft 64 and is reciprocated by 
movements of the shaft longitudinally in the cas 
ing. This reciprocating rod 64a may be extended 
through any suitable mechanism for steering 
actuation of the link rod 85 of the wheel steer 
ing mechanism of Fig. 12, or may be utilized for 
actuating the rudder operating cables or rods of 
the rudder control mechanism of Fig. 10. 

It is to be particularly noted that the opposite 
wing tip rudders R providing the directional or 
yaw control in accordance with my invention, 
have no associated fixed vertical fin area, forming 
portions of the directional control Surfaces. In 
normal neutral control positions held by the 
Springs 53 or tabs 53a, the opposite wing tip 
rudders R function as vertical fins and, upon 
directional control operation of either of these 
rudders, the Opposite rudder is not actuated but 
remains in its normal neutral control position 
and continues to function as vertical fin area. 
In connection with the opposite wing tip rudders 
R. Of the invention, a feature thereof resides in 
utilizing for each rudder a surface having a cam 
bered section in which the cambered side, or side 
of greatest camber, is on the inner side of the 
rudder, as will be clear by reference to Fig. 1 
of the drawings. Such arrangement which pro 
vides the rudder Surfaces with their inboard 
sides cambered obtains an increase in control 
moment due to the rearward location of the 
center of pressure on a surface of this kind at 
Small angles, of lateral displacement. In the 
directional control operation of the opposite wing 
tip rudders R SO designed, mounted and ar 
ranged, the displacement of a rudder R, results 
primarily in establishing drag as well as a stalling 
moment at its wing tip. 
The opposite vertical laterally displaceable 

rudder forming Surfaces R may, if desired, be 
used for simultaneous outward or inward dis 
placement for the purpose of creating drag so 
that these wing tip surfaces may then be utilized 
as air brakes or surfaces for creating a stalling 
moment, and my invention includes the opera 
tion and use of such wing tip surfaces for this 
purpose to carry out such air brake or stalling 
function. Any suitable mechanism may be em 
ployed for simultaneously outwardly or inwardly 
SWinging these Surfaces, such, for example, as 
the mechanism shown in Fig. 11 of the drawings 
and described hereinafter. 
While in the preferred form, the rudders R are 

located at the upper side of the wings, my inven 
tion recognizes and includes locations of the rud 
ders both above and below the wings, such as 
described in connection with the use of such ver 
tical Surfaces for longitudinal control. 

It is recognized that under certain design con 
ditions, a relatively large cross-wind force is 
introduced When the rudders are turned out 
board, and that this cross wind force may be. 
detrimental to the directional control of the air 
craft. Therefore, my present invention contem 
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plates and includes that under such conditions, 
the tip rudders may be interconnected with the 
air brakes or drag establishing surfaces so as to 
neutralize this cross Wind force, or, as another 
alternative, that the tip rudders may be turned 
inboard in order to reverse the direction of the 
Cross wind force. My invention further includes 
in its treatment of this condition, the use of 
multi-plane tip rudders actuated in opposite 
directions for the purpose of neutralizing the 
CrOSS wind force. 
A feature of the invention is based upon the 

fact that in aircraft that have small directional 
stability, as in the case of the tailless types, the 
dihedral angle of the wing has a material effect 
upon the directional stability, and that where the 
dihedral angle is small, the directional stability of 
the complete aircraft is thereby improved, and 
that where the dihedral angle is large, the direc 
tional stability at increasing angles of attack will 
be lessened and may, in fact, result in instability 
under certain conditions. Therefore, in accord 
ance with a feature of my present invention, the 
dihedral angle of the wing is maintained at 
approximately zero degrees. 

Two control 
A further characteristic of the invention recog 

nizes that a directional or yaw control is possible 
in a tailless design of my type by the elimination 
of the movement of the vertical surfaces. A 
substitution for this movement is obtained by dis 
placing the aileron or roll control surfaces to 
establish drag at their respective wing tips, thus 
causing a change in direction as well as intro 
ducing their primary function of roll control. 
This dual function requires that the ailerons 
themselves be readjusted in relation to their 
angle of trail to the fixed portion of the wing. By 
this adjustment, the adverse drag is eliminated 
Or reduced to a degree that permits the direc 
tional or yaW control of the airplane. 
In accordance with another feature and form 

of two-control arrangement, the invention pro 
vides the elimination of the movement of the 
ailerons or roll control surfaces A, and obtains 
roll control by the differential operation of the 
yaw control Surfaces or rudders R, in the form of 
Fig. 10. Thus, two controls embodying the pitch 
control by surfaces I, or L and roll and yaw con 
trol by rudders R, may be provided. 

Air brakes 
The development of drag for the purpose of 

braking or retarding forward movement of the 
airplane forms a phase of my present invention 
and I have disclosed herein an arrangement of 
movable surfaces for developing drag for braking 
purposes, and in addition, I have SO located and 
arranged these surfaces relative to the body B of 
the airplane and the propeller P that a beneficial 
cooperation with the airflow past the body and 
to the propeller P is obtained. 

Referring now particularly to Figs, 1 and 2 of 
the drawings, I have shown a possible embodi 
ment of drag establishing surfaces D in the form 
of vertical Surfaces mounted at the upper side of 
the trailing portion of the lifting surface at oppo 
site sides of the rear or trailing portion of the 
body B. In the specific example hereof, these 
Surfaces are mounted at the trailing portions of 
the opposite wing root forming portions LW' and 
RW of the center section of the lifting surface, 
and are located spaced equidistant from the ion 
gitudinal axis of the body B and from each other 
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a distance slightly less than the propeller dian 
eter, so that these opposite surfaces are disposed 
approximately forward of and substantially in 
line with the path of rotation of the propeller 
tips, as clearly shown by Figs. 1 and 2 of the 
drawings. 
Each of these drag establishing vertical Sur 

faces D is formed of a cambered section having 
the side thereof of greatest camber inboard and 
facing the body B, and the surfaces so formed are 
preferably maintained in their normal inactive 
positions as braking surfaces, displaced laterally 
inwardly toward each other, in this instance, at 
an ange of approximately three degree (3), SO 
that the surfaces are disposed in directions Sub 
stantially following the general rearward contour 
and airflow direction at the adjacent sides, re 
spectively, of the body B. The positioning of 
these surfaces forward of the propeller and adja 
cent to the propeller tips of an inward angular 
displacement tends to conform to the airflow into 
the propeller so that these surfaces act as guide 
vanes and maintain a more uniform flow of air to 
the propeller, thus improving its efficiency and 
preventing to a degree tip flutter on the propeller 
blades thereby reducing the noise resulting from 
such flutter. It is recognized that the present 
design covers only a relatively small area of the 
propeller stream but under other design condi 
tions where the proportionate diameter of the 
propeller blade is smaller in relation to the over 
all dimensions of the airplane, additional Surfaces 
may be provided so as to include an almost con 
plete shrouding of the propeller with a corre 
sponding improvement in efficiency and a reduc 
tion in propeller noise. This feature of my in 
vention in its basic aspect is not concerned with 
whether the shrouding surface is a displaceable 
Surface or a fixed surface and includes a normally 
fixed but adjustable surface or surfaces with the 
Camber, if any, inboard Or outboard and at a 
positive or negative angle, before or behind, or in 
the plane of the propeller, or within or without 
the disk area of the propeller. 
The braking surfaces D are mounted on the 

lifting Surface for lateral displacement about Sub 
stantially vertical axes for simultaneous move 
ment inwardly or outwardly to drag establishing, 
braking position. 
Any suitable mechanism may be employed for 

Operating these braking Surfaces, and in Fig. 11 
of the drawings, one possible form of such oper 
ating mechanism is disclosed. For example, the 
right-hand Surface D is provided with an out 
Wardly extended arm 69a mounted thereon for 
movement with the surface D and the outer end 
of this arm is connected to a contracting spring 
69b which extends rearwardly from the arm and 
is Secured at its opposite end to fixed structure 
of the lifting surface. The spring 69b contin 
uously tends to Swing Such arm rearwardly and 
displace or rotate the right-hand surface D in 
Wardly. A stop 69c is provided which engages 
an arm 69d extending rearwardly from and fixed 
for movement with surface D, so that the surface 
D is normally maintained by the spring 69b held 
in normal inactive position by arm 69d engaged 
against the stop 69c. 
The left-hand braking surface D has a for 

Wardly extending arm 70a mounted for move 
ment therewith and engaging a stop 7 Ob to main 
tain the surface D in its slightly inwardly dis 
placed normal inactive position such as shown 
in Fig. 1. A spring 69b is employed for main 
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taining arm 70a against stop 70b. The forward 75 

2,890,989 
end of arm T Oa is connected with the rear free 
end of the arm 69d by a cable connection 
which may include a suitable turnbuckle or the 
like 7 a. 
A pilot actuated hand-pull lever 2 is 

mounted at a suitable location in the body B 
accessible to the pilot for actuation to simul 
taneously outwardly displace the drag establish 
ing brake surfaces D and to release these sur 
faces for return to their normal inactive posi 
tions. This lever 72 is operatively connected by 
means of a cable 73, in this instance, with the 
outer end of arm 69a of the right-hand surface 
D. The cable 73 is mounted over and around a 
series of pulleys 73a in such a manner that upon 
pulling the hand lever 72 rearwardly, the cable 
swings arm 69a forwardly and thus laterally dis 
places right-hand surface D outwardly, which in 
turn, through the connecting member simul 
taneously outwardly displaces the left-hand Sur 
face D. Upon release of the hand lever 2, 
the spring-loaded surfaces D are returned to 
their normal inwardly displaced inactive posi 
tions maintained against the stops 69C and Ob. 
Hand pull lever 72 is provided with a suitable 
ratchet mechanism 72a for releasably holding the 
handle in an adjusted or Outwardly drawn po 
sition with the surfaces D outwardly displaced 
into drag establishing and air braking positions. 
o In place of or in conjunction with a spring 69b 
of an air brake surface D, I may employ an 
aerodynamical means for returning a Surface D to 
and holding it in normal neutral position against 
its stop, such for example as a suitable tab sur 
face 69e mounted on the trailing edge of a sur 
face D and angularly adjustable to establish the 
required force acting in the required direction 
to return and maintain the surface to and at 
its neutral position. 

Landing gear 
The principles embodied in the general land 

ing gear design and arrangement hereof, form 
an important feature of the invention of general 
adaptability to airplanes both of the tailless and 
the tailed types, but of particular value in Over 
coming the conditions hereinbefore set forth as 
encountered and inherent in the truly tailless 
type of airplane of a design of my present in 
vention. According to these principles, the land 
ing gear has its forward Wheels and the rear 
landing wheel or wheels spaced forward and to 
the rear, respectively, of and approximately the 
same distance from the center of gravity, with 
the rear wheel or wheels located within the pro 
jected plan or area of the lifting Surface and the 
foward wheels located spaced but a relatively 
short distance forward of the leading edge of the 
lifting Surface. 
For instance, in the particular embodiment of 

the landing gear of the present example, this 
gear is of the three-wheel type, although the in 
vention is in no Sense SO limited, and has the 
forward wheels spaced apart laterally and 
located at opposite sides of the body B to pro 
vide a relatively wide tread, and the rear wheel 
O located in the vertical plane of the longitudi 

nal axis of the body and beneath and within the 
projected area of the lifting surface. Referring 
particularly to Fig. 13, the forward wheels f and 
rear wheel 0 are located spaced forwardly and 
rearwardly, respectively, substantially the same 
distance from the center of gravity, so that the 
Weight load of the airplane, when normally at 
rest on the ground, is substantially equally dis 
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tributed between the forward and rear wheels. 
In the airplane of the present example, the cena 
ter of gravity location is indicated in Fig. 13 and 
the permissible range of movement fore and aft of 
the location of the center of gravity is Schemati 
cally indicated by the shaded area in Fig. 13. 
With the inherently stable wings of the type used 
in this instance, the range of center of gravity 
location is approximately fifteen per cent (15%) 
to twenty-one per cent (21%) of the mean aero 
dynamic chord of the wing. With Such center 
of gravity location, the forward and rear wheels 
are so located that a plane passing through the 
axles of the forward wheels and extending 
rearwardly and upwardly through the center of 
gravity has an angle of approximately forty-five 
(45) degrees to the vertical, while a plane passing 
through the axle of the rear wheel O and ex 
tending upwardly and forwardly through the 
center of gravity also has an angle to the verti 
cal of approximately forty-five degrees (45), so 
that the included angle between the forward and 
rear wheels and the center of gravity is approx 
imately ninety degrees (90), in the specific ex 
ample hereof. 
The rear wheel 0 is mounted for lateral Swing 

ing or rotation for steering, but is normally 

0. 
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maintained directionally fixed, and, referring to . 
Fig. 13, is located within the rear housing or 
fairing H that depends from the body B and is 
mounted and carried at the lower end of a Suit 
able strut or leg 74 which carries and provides 
at its upper end a cylinder le. A plunger or 
piston 74b is suitably pivotally mounted on the 
body B and extends downwardly therefrom and 
is confined in the cylinder 74a for reciprocation 
therein through a suitable body of oil or other 
fluid-all in accordance with usual hydraulic 
shock absorbing unit practice. A spring or the 
like 75 is connected between the lower portion 
of the housing structure H and the upper por 
tion of the shock absorber cylinder 74a carried 
by the wheel 0. Thus, with the airplane at rest 
on the ground and the wheel O Supporting a 
portion of the weight thereof, the plunger or 
piston 4b is in substantially the position shown 
in Fig. 13, while with the airplane in the air and 
the weight loads removed from wheel 0, this 
wheel, with its mounting including the cylin 
der 4a, lowers, aided by the force of the spring 
75, to the dotted line position of wheel C shown 
in Fig. 13, with the cylinder 74a lowered and the 
plunger b located in the upper portion of Such 
piston above the body of oil therein. Preferably, 
the mounting of the rear wheel to provides for 
some movement of the wheel and its absorbing 
unit longitudinally or fore and aft Of the body, 
but, the wheel is normally held against rotatio 
laterally, that is, is directionally fixed. 
The spaced forward landing wheels f l are 

mounted upon and carried by the upwardly and 
inwardly inclined struts or legs 76, referring now 
particularly to Figs. 12 and 18. These struts or 
legs may be, as in the present instance, Suitably 
trussed or braced at their under sides as by the 
vertically disposed longitudinal trussing flange 
6d. Each wheel Strut Or leg 6 is mounted for 

vertical rocking on and about a horizontal axis 
disposed longitudinally of the body B, and such 
axis may be provided by a shaft 77 fixed to and 
extending across the strut or leg intermediate 
the upper and lower ends thereof and mounted 
in suitable opposite end bearings 77a (see Fig. 
12) carried by the body B, in a lower side thereof. 
So mounted and arranged, the opposite wheel 
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15 
legs or struts 76 are vertically rockable or Swing 
able about axes formed by the shafts with 
the inner ends of the legs or struts extended in 
Wardly a distance through the body to the cen 
tral portion thereof. 
The inner ends of wheel legs or struts 76 are 

Spaced apart and each is provided with a trans 
versely disposed pin providing the opposite side 
studs 78. 
A feature of the landing gear of the invention 

embodies the provision and use of a common 
shock absorbing unit centrally located within 
the body B intermediate the opposite wheel legs 
or struts for operative coupling and association 
With said struts at the strut inner ends. Refer 
ring now particularly to Figs. 18 and 19 of the 
drawings, such a shock absorbing unit may en 
body a hydraulic cylinder 79 mounted centrally 
of the body B beneath and intermediate the in 
ner ends of the opposite leg struts 76, which 
cylinder 79 is charged with or contains the usual 
body of oil or other shock absorbing medium. 
This cylinder of the shock absorbing unit is 
mounted and carried upon a triangular truss 
structure 80 which extends between the cylinder 
and the opposite leg or strut bearings TTa, which 
bearings are mounted on and carried by such 
truSS. 
A piston or plunger 8 is confined in cylinder 

79 for vertical reciprocation therein through the 
body of oil or fluid in the cylinder and this piston 
or plunger has an upwardly extending piston rod 
8 a slidably confined in and extending upwardly 
through a suitable bearing in the upper end of . 
the cylinder. At the upper end of the piston 
rod 8, there is mounted and fixed a horizon 
tally disposed cross-head unit 82. This cross 
head includes (see Fig. 12) the parallel side mem 
bers each having a longitudinal slot or slots 82a 
therein and the studs 78 at the upper inner ends 
of the opposite wheel legs or struts 76 which are 
slidably received and confined in the slots 82a 
between the opposite ends, respectively, of the 
Spaced side members of the cross-head 82. By 
this arrangement and operative connection of 
the inner ends of the opposite wheel struts to 
the croSS-head 82, these wheel legs or struts are 
simultaneously vertically rockable or swingable 
to raise and lower the plunger 8 in the cylinder 
79 of the shock absorbing unit and it will be ap 
parent that vertical displacement of one leg or 
strut is positively accompanied by corresponding 
vertical displacement of the opposite leg or strut 
so that the airplane tends to always maintain 
its normal horizontal attitude laterally. The 
upwardly displaced position of the landing wheels 

and the downwardly displaced position of 
plunger 8, when the airplane is in normal posi 
tion on the ground with the landing wheels sup 
porting the weight of the airplane, is shown by 
Fig. 19. 
The front wheels of the landing gear are 

mounted on. and carried by the outer ends of the 
opposite struts or legs 76, and, in accordance with 
the example of landing gear of my invention 
here shown, these front landing wheels are 
mounted for lateral Swinging about approximately 
vertically disposed axes. Such a mounting for 
the wheels may be of a more or less conven 
tional type for steerably mounting wheels to an 
axle structure, and, as here shown, embodies a 
Vertically disposed yoke a fixed at the outer end 
of each strut or leg 76a and rotatably receiving 
and mounting a vertically disposed member b, 
which member carries the axle lic on which a 
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wheel f is mounted. Such an arrangement pro 
vides the more or less conventional type of steer 
ing knuckle mounting for a wheel member, but, 
in accordance with a further feature of my inven 
tion, these mountings for the front wheels are 
such as to provide by means of the members b, 
vertically disposed axes So arranged that the 
front wheels f will inherently or automatically 
caster when the landing gear is in normal ground 
engagement and moving for Wardly, due to the 
cooperation of these laterally swingable and 
casterable front wheels forward of the center of 
gravity, with the directionally stable rear wheel 
or wheels to the rear of the center of gravity. 
The landing gear embodying the directionally 

fixed rear wheel fo, or rear wheels if desired, with 
the castering front or forward wheels , will 
automatically or inherently function upon ground 
contact in landing to cause the airplane to assume 
and follow the direction of landing rather than 
the direction of heading of the airplane. Simi 
larly, when moving forward on the ground, this 
inherent directional stability will maintain the 
airplane On its course. 
A Suitable housing or fairing 83, referring now 

to Fig. 18 of the drawings, is provided enclosing 
that portion of each front. Wheel Strut or leg 6 
that extends outwardly from body B and such 
housing is fixed on and carried by the strut or leg 
76 by members 83a, and extends to and terminates 
adjacent the wheel mounted on such strut. A 
slidable and flexible connection 83b is provided 
between the fixed housing 83 and the side of the 
body B. 
No claim is herein made to the inventions emi 

bodied in the design, arrangement, mounting and 
construction of the landing gear disclosed and 
described herein, as such inventions are disclosed 
and claimed in my pending U. S. patent applica 
tion, Ser. No. 613,496, filed August 30, 1945. 
With respect to the design, arrangement and 

construction of the common shock absorbing unit 
and the simultaneously vertically displaceable 
wheel legs or struts carrying the spaced forward 
landing wheels f, no claim is made herein to 
the inventions embodied in such design, construc 
tion and arrangement, as such inventions are dis 
closed and claimed in my pending U. S. patent 
application, Ser. No. 613,498, filed August 30, 
1945. 

Ground steering of the airplane 
The landing gear of the invention, as herein 

15 

20 

25 

30 

40 

45 

50 

before described, provides for steering the airplane 
On the ground by arbitrary directional control of 
the laterally Swingable castering front wheels . 
The invention also includes pilot controlled 
means for directionally swinging the normally di 
rectionally fixed rear wheel O for ground 
steering and handling of the airplane, together 
with mechanism for releasably locking the rear 
Wheel in directionally fixed location for take of 
and landing. 
A possible form of pilot operated front wheel 

steering mechanism is disclosed in Figs. 12 and 18 
of the drawings and embodies a series of cranks 
and links mounted on eachfront wheel leg or strut 
76 in Operative connection with a front wheel for 
laterally Swinging or steering such wheel. 
In the example hereof, eachfront wheel mount 

ing includes a forwardly extended arm 84 fixed 
to and extending from the spindle b, and a 
link 84a couples the forward free end of this 
arm with an arm of a bell crank 84b mounted on 
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side thereof. The fixed bearing structure a for 
the forward end of the strut shaft or axle TT car 
ries a U-shaped crank member 84c mounted for 
rocking movement on an axis substantially on the 
strut shaft. The outer arm of this crank mem 
ber 84c is connected by a link 84d with an arm 
of the bell crank 84b. The crank 84c of the wheel 
steering mechanism on each wheel strut or leg 76 
has the inner arm thereof coupled to one end of 
an operating rod 85 which is disposed transversely 
of and across the longitudinal axis of the air 
plane and connects the opposite crank members 
84c in the opposite direction. 
Actuation of the rod 85 for steering the oppo 

site front wheels is carried out by a suitable 
pilot actuated Steering control mechanism, which, 
in the present instance includes the operating 
pedal unit for the directional control of the air 
plane. For instance, referring to Fig. 12, he 
arm 58 of the pedal shaft 56 may have an operat 
ing cable 85a connected thereto, while the arm 
60 of the pedal shaft 57 may have an operating 
cable 85b connected thereto. These cables from 
the left and right-hand pedal mechanism are 
extended rearwardly over suitable pulleys or the 
like 85c and are connected at their rear ends to 
a coupling member 85d fixed to operating rod 85 
intermediate the connection of the opposite ends 
of this rod with the opposite crank members 84c. 
A releasable locking mechanism for holding 

rear wheel or wheels f O in directionally fixed 
position for takeoff and landing, is more or less 
Schematically illustrated in Fig. 13 of the draw 
ings as including an apertured lug 4d fixed for 
lateral swing with rotation of wheel strut T4, and 
a fixed lug 4e thereabove having an aperture 
for vertical alinement with the aperture of lug 
14d. A locking pin 74 removably extends down 
Wardly through lugs 74e and 4d to hold wheel 
0 in its normal directionally fixed position. A 

pilot Operated means is provided for removing pin 
4f from wheel locking position, and may con 

sist of a cable 74g coupled to the pin and extend 
ing upwardly therefrom over suitable pulleys and 
forwardly to an operating hand lever mechanism 
74h. Pin 74f may thus be raised and lowered to 
and from rear wheel locking position to release 
wheel fo for steering or to hold the wheel in di 
rectionally fixed position. 
The rear wheel to when released for lateral 

Swing may be steered by and from the pilot oper 
ated front wheel steering mechanism, as for ex 
ample, by cables 74 i and 74k connected to the 
steering cables 85a and 85b, respectively, as 
shown in Fig. 12 of the drawings. Cables T4 
and 74k are extended rearwardly to rear wheel 
Strut 74 and suitably connected thereto for swing 
ing wheel ?o in the proper direction relative to 
the direction in which front wheels are 
steered. Suitable yielding means are preferably 
provided in the cables 74i and 14k to permit 
operation of the front wheel steering mechanism 
and the yaw control surfaces, when the rear 
wheel ?o is locked in directionally fixed position. 
With the steering mechanism operated by and 

from the pedals for operating the directional air 
control of the airplane, when the airplane is on 
the ground and it is desired to turn to the left, 
the pilot pushes the left pedal 54 (54) forwardly 
to rock shaft 56 forwardly, and through cable 85a. 
to move the rod 85 to the left. This rocks the 
outer arm of crank member 84c on the left hand Wheel strut outwardly and downwardly, which lat 
erally Swings or turns the left-hand wheel out 

and carried by the leg or strut 76 at the forward 75 wardly and to the left. Simultaneously, through 
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the described operating mechanism, the right 
hand wheel f is swung inwardly and to the left 
as the crank member 84c of the right-hand wheel 
steering mechanism is rocked inwardly. To steer 
the airplane to the right, the right pedal 55 (55) 
is pushed forwardly to rotate shaft 57 forwardly 
so that the opposite front wheels are swung lat 
erally to the right. 
No claim is herein made to the steerable fea 

tures of the landing gear herein disclosed and 
described, as such steerable features are disclosed 
and included in claims of my pending U. S. pat 
ent application, Ser. No. 613,496, filled August 30, 
1945. 

Wheel brakes 
Preferably, the forward and rear wheels and 
of the landing gear are provided with any 

desired type of brakes, and an arrangement of 
a possible brake operating system is disclosed 
herewith more or less diagrammatically in Fig. 13 
of the drawings. 
The illustrated system includes a brake apply 

ing lever 86 of the "pull' type mounted in the 
control cockpit of the body B accessible to the 
pilot and including suitable ratchet mechanism 
86a to set the system in an adjusted brake ap 
plying position. This lever 86 is mounted to be 
pulled rearwardly for a brake application and to 
move forwardly to brake releasing position. 
Operating lever 86 is connected into and actu 
ates a brake operating cable system that in 
cludes the cable 87 connected to the lever 86 and 
extending to and connected through another 
pilot operated brake applying hand lever 88 with 
a cable 87a, which is connected with cables 8b, 
respectively, only one of which is shown, oper 
atively coupled with the opposite brakes of the 
front wheels . A cable 87c extends rearwardly 
through the body B over the spaced pulleys 87d 
and then downwardly to the operating arm 87e 
of the brake of rear wheel le. The spaced pull 
leys 87d are located in the center line or radius 
of motion of the radius rod 74c that pivotally 
connects rear wheel O mounting 74 with the body 
B. Similarly, the pulleys such as 87 f for the front 
wheel brake cables 8b are mounted and located 
On the center line or radius of motion of the ver 
tical displacement of the front wheels . 
The operating lever 88 for the brake system 

provides for Service application of the brakes, 
while the lever 86 with its ratchet or rack and 
pawl mechanism 86a provides for brake applica 
tion for parking. 
The provision of brakes on all wheels of the 

landing gear, both front and rear, is made pos 
sible by the extreme forward position of and lat 
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eral locations of the two front wheels with refer 
ence to the center of gravity. While the art has 
pointed out the use of a forward brake on a 
three wheel landing gear with a single wheel for 
Ward, the braking effect of this wheel is definitely 
limited due to the possibility of danger of over 
turning the airplane on an axis between the 
single front wheel and a laterally spaced rear 
Wheel. 
No claim is herein made to the arrangement 

of wheel brakes on the forward and rear landing 
of a landing gear as herein disclosed and de 
scribed, as such wheel brakes are disclosed and 
claimed in combination with a landing gear emi 
bOdying the features hereinbefore disclosed, in 
my pending U. S. patent application, Ser, No. 
613,496, filed August 30, 1945. 
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Take of 

In carrying out that important feature of my 
invention by which certain problems and diff 
culties encountered in taking, off a tailless air 
plane, as hereinbefore generally referred to and 
explained, are overcome, the landing gear em 
bOdying the forward and rear wheels located 
relative to the center of gravity so as to be spaced 
Substantially equidistant forwardly and rear 
Wardly therefrom and at approximately the same 
angles thereto in conjunction with the angle of 
incidence of the wing in ground-supported posi 
tion of the airplane and the location of the line 
of thrust developed by the propeller P forms the 
basis of this feature of the invention. - 

Referring to Figs. 3 and 13 of the drawings, the 
airplane, in normal position supported on the 
ground has the body B substantially horizontally 
disposed and the lifting surface or wings are 
mounted normally in fixed relation thereto SO 
that in the Specific example hereof, the lifting 
surface is at an angle of incidence of approxi 
mately nine degrees (9). As hereinbefore 
pointed out, with the tailless type of airplane 
having no aerodynamic elements located sub 
stantially to either the rear or forward of the 
lifting surface of the wing, and with a landing 
gear incorporating the desired characteristics, it 
is practically impossible to develop moments act 
ing about the center of gravity for the purpose 
of changing the ground-supported attitude of 
the body and the lifting surface So as to increase 
the angle of attack of the lifting surface to such 
an angle that will permit take off. 

In order to increase the angle of attack of the 
lifting surface or Wings of the tailless airplane 
hereof, my invention utilizes the available forces 
acting about the center of gravity of the airplane 
and in relation to changes in center of gravity 
as the airplane takes off, in such a manner as 
to Overcome the forces opposing raising of the 
forward portion of the body about the center of 
gravity in order to increase the angle of attack 
of the lifting surface. With the neutralization 
or reduction of such opposing forces, I then ap 
ply an additional mechanical force acting about 
the center of gravity of the airplane in Order 
to raise the forward portion about the center of 
gravity and thereby increase the angle of attack 
for take off. This feature of the invention is 
characterized particularly by the arrangement 
which provides for fully automatically carrying 
out this change in attitude during take off to in 
crease the angle of attack SO that a Substantially 
fully automatic take off of the airplane is ob 
tainable. 

In Fig. 13 of the drawings, the relative location 
of the front wheels and the rear wheel O of 
the landing gear with respect to the center of 
gravity, is disclosed, and, by the shaded area. 
surrounding the center of gravity indicated at c. 
g., there is purely schematically indicated the 
permissible range of fore and aft change in loca 
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tion of the center of gravity. With the air 
plane at rest on the ground, referring now to 
Fig. 13A, the center of gravity is in the area in 
dicated, and, for the particular airplane dis 
closed, the lifting surface formed by the wings 
RW and LW is at an approximately nine degree 
(9°) angle of attack. The line of thrust P' of the 
pusher propeller P is so, located relative to the 
landing gear and the center of gravity, that this 
line of thrust is above the center of gravity so 
that as the thrust force is applied for take off. 
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referring now to Fig. 13B, a moment is estab 
lished acting around the center of gravity tend 
ing to nose the airplane down and thus prevent 
movement of the body B about the center of 
gravity to increase the angle of attack of the lift 
ing surface. 

However, as forward speed of the airplane is 
increased during take of, the resultant lift indi 
cated by Y developed by the wings RW and LW 
is increased and as these wings are of the in 
herently longitudinally stable type, such lift acts 
upwardly and forward of the center of gravity 
as shown by Fig. 13B, and produces a stalling 
moment at small angles of attack which opposes 
the thrust moment so that the load on the for 
ward elements of the landing gear is reduced and 
the angle of attack of the wings increased up to 
that angle at which the lift force on the wing 
coincides with the center of gravity as shown by 
Fig. 13C. As this coincidence of the lift force 
with the center of gravity may take place at an 
angle of attack less than that desired for take 
of, I have, in accordance with the principles of 
this feature of my invention, provided for the 
application of an additional force acting forward 
of the center of gravity on the body B to estab 
lish a moment acting to raise the forward portion 
of the body and thereby increase the angle of 
attack of the ying still further. Referring now particularly to Figs. 12, 18 and 
18a, I have, in the example hereof, provided a 
coil expansion spring 90 for developing the force 
of the required magnitude acting to raise the 
forward portion of the body B about the center 
of gravity. It so happens that I have mounted 
the spring 90 around hydraulic cylinder 79 of the 
common shock absorber unit for the front wheels 
of the landing gear and between the fixed struc 
ture carrying this cylinder and the vertically 
movable cross-head 82 carried by the piston rod 
la of the shock absorber plunger 8. This force 

exerting Spring 90 is mounted and confined in 
such operative position as to be constantly under 
compression and to thereby continuously exert a 
force acting on the body B in the desired direc 
tion. By this construction and mounting a very 
compact unit is provided occupying a minimum 
of space for the common. shock absorber unit 
and this force exerting spring. 
With the spring 90 so mounted, during take 

of, when the lift force indicated at Yin Fig. 13C 
developed by the wings coincides with the center 
of gravity, the spring 90 exerts an additional 
force indicated as X in Figs. 13A-B-C-D, of 
a sufficient magnitude to raise the forward por 
tion of the body B in which the spring is mount 
ed, still further upwardly and thus further in 
crease the angle of attack of the wings until the 
required angle of attack for take off is reached, 
as shown by Fig. 13D. Thus, the action of this 
Spring and of the other forces is primarily auto 
natic and the airplane ean, in effect, be taken 
of automatically by simply setting it on its take 
of run, leaving the additional aerodynamic con 
trol available to the pilot in order that he may 
exercise customary take off and flight maneu 
Wes. 

It is here pointed out that the mechanism for 
increasing the angle of attack of the wings may 
instead of applying a positive force forward of 
the center of gravity of the airplane, be mount 
ed and arranged so that the weight on the rear 
Supporting member or members of the landing 
gear may be utilized by the employment of suit 
able release mechanism to permit the rear por 

tion of the airplane to gradually sink or lower 
during take of, thereby increasing the angle of 
attack, Hence, basically, my invention is not 
limited to the application of an additional for 

5 ward, positive force as shown in the specific ex 
ample, but includes and covers the utilization of 
the forces developed during take off, outside of 
the normal forces that may be applied by the 
pilot's manipulation of the controls, in such a 

10 manner as to obtain the desired lift for take oft. 
The principles and features of the landing gear 

of my invention, while here shown and specifl 
cally described as applied to a gear of the land 
type, are adapted to landing gear of the water 

ls types using pontoons, floats, hulls or other forms 
of water engaging elements, as well as to land 
ing gear of the land types employing other ground 
engaging elements than wheels, such for example, 
as skis, treads and such like. 

20 While the foregoing feature of the invention 
is of particular utility and efficiency in a truly 
tailless type of airplane such as that of my pres 
ent disclosure, yet it is to be understood, as will 
be obvious, that it is adapted to use with tailless 

25 airplanes or tailed airplanes and my invention 
contemplates and includes such general use of 
this feature and of the principles of automatic 
take off here disclosed. Further, while I have 
shown a spring as the means for generating this 

30 additional force for raising the body of the air 
plane to increase the angle of attack of the wings, 
my invention is not limited to the specific form 
of force generating means employed, or, to rais 
ing the body of the airplane, for if desired, this 

35 force may be applied to a variable incidence 
wing, or, in fact, to any form of wing of the 
variable lift types for the purpose of varying the 
lift of the wings as desired or required for take 
off. 

40 No claim is made herein to the inventions em 
bodied in the above described and disclosed de 
sign and arrangement for "take off,' such inven 
tions being disclosed and claimed in my pending 
U. S. patent application, Ser. No. 613,497, filed 

45 August 30, 1945. 
Propeller thrust location 

The location of the propeller thrust P' (see Fig. 
13) above the center of gravity in the tailless 

so types of airplanes, is of material value as an aid 
to longitudinal control and forms a feature of the 
tailless type of airplane of the invention here 
disclosed. For example, when it is desired to fly 
the airplane slowly in a glide or just prior to 

is landing, the motor is throttled, and due to the 
reduction or elimination of the thrist P' above 
the center of gravity, the stalling moment that 
must be otherwise provided by the longitudinal 
control is reduced and the pilot has more control 

to available for the high angle of attack maneuvers. 
When the throttle is opened, the reverse Condi 
tions are established, and the pilot has available 
more control for high speed or low angle of at 
tack maneuvers. 

65 Engine cooling 
The engine E, referring now to Fig. 14 of the 

drawings, is mounted in the upper rear portion of 
the body B and drives the pusher propeller P 

to through suitable drive shafts 9. This engine E is 
air cooled and further happenis to be of the in 

- verted type. Following a further feature of my 
invention, I have provided an arrangement for 
cooling the engine E by circulating air. 

75 Such engine cooling system in the example 



2,890,989 
hereof provides an air intake 92 at the forward 
or nose end of the body B which intake opens 
into an air duct or passage 93 formed in Or on 
the body B and extending downwardly along 
and following the underside thereof to a point 
intermediate the length of the body and just for 
ward of the forward end of the engine E, as will 
be clear from Fig. 14. 
The air duct or passage 93 extends rearwardly 

and upwardly through the body from the lower 
intermediate portion thereof and is divided by a 
suitable partition or Wall to form the passages 
or ducts 93a and 93b. Duct 93a extends rear 
wardly over and around the barrels of the cyl 
inders of the engine E. While the duct or passage 
93b extends over and acroSS and receives the 
heads of the engine cylinders at the lower side 
of such inverted type of engine. Thus arranged, 
the cylinder barrels, extend through and are en 
closed by the duct 93 while the cylinder heads 
are disposed within the duct 93b so that air cir 
culated rearwardly through these ducts circulates 
over and around the cylinder barrels and the 
cylinder heads. The ducts or passages 93 and 
93b communicate With and discharge into a COm 
mon outlet 93c at the rear of the engine in the 
body above the housing or fairing H for the rear 
wheel , so that air, after circulating and cool 
ing the engine, flows downwardly and outwardly 
through the lower open end of housing H which 
forms the discharge to atmosphere for the air 
circulating system. 
With the airplane in flight, positive pressure is 

established at the inlet or intake 92 of the engine 
cooling air circulating system, while, a suction is 
established at the discharge or outlet for the air 
through the lower open end of the rear wheel 
housing or fairing H, so that, due to this pres 
sure differential, a positive rearward circulation 
of air for cooling the engine is provided. 
The cooling system of the invention provides 

for circulating air with the airplane taxying or 
at rest on the ground. In the example hereof, a 
fan or blower fee is mounted in the outlet or 
discharge 93C from the ducts or passages 930 and 
93b. This fan or blower is of the suction type to 
draw air rearwardly through the passages and 
discharge it rearwardly from the discharge 93c 
for circulation downwardly and outwardly 
through fairing H, and is driven by a suitable 
drive from the engine drive shafting 9. A 
suitable clutch mechanism O2 is provided for 
disengaging the drive of from the propeller 
shafting 9 and this clutch mechanism is auto 
matically operated from the shock absorbing unit 
for the rear wheel fo in such a manner that with 
the airplane On the ground and rear wheel to in 
its raised ground engaging position, the clutch 
is engaged and the blower or fan is driven to 
circulate the cooling air through the System, 
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the clutch mechanism to engage the fan or blower 
100 from the propeller drive shaft 9. 
A further feature of the cooling system resides 

in the arrangement for cooling the exhaust lines 
or pipes 04, referring now to Figs, 14 and 16. 
The exhaust pipes 04 extend downwardly 
through the body B, as indicated by Fig. 14, and 
each of these pipes extends downwardly through 
a cylindrical tube or jacket O5 which is spaced 
therefrom to provide the air circulating passage 
05a around an exhaust pipe C4. The upper end 

of this casing or tube fo5 is open and has an en 
larged diameter air intake end C5b, while the 
lower end of the tube or casing has a restricted 
or reduced diameter outlet 05b, thus, in effect 
forming a venturi so that circulation of air down 
wardly through the tube over and around an ex 
haust pipe is induced by the exhaust gases dis 
charged from the lower end of the exhaust pipe 
or stick 04 in, to and outwardly through the 
lower restricted discharge end 5b of the tube 
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while with the airplane in the air, and the rear . 
wheel 0 moved downwardly, the clutch mecha 
nism is disengaged with the fan or blower inac 
tive. For instance, I may provide, as in the ex 
ample hereof, an operating cable 03 connected 
to that portion of the rear wheel shock absorb 
ing unit movable by and with the rear wheel and 
extending upwardly over any suitable pulleys to 
the clutch mechanism so that with the airplane 
on the ground and wheel O raised, cable fo3 is 
inactive and the clutch is engaged to drive the 

0 

blower, while with the airplane in the air and 
the wheel fo in its lowered position, the cable 
03 is pulled or drawn downwardly to actuate 5 

The inventions embodied in the foregoing en 
gine Cooling System and arrangement, are not 
claimed herein, but are disclosed, described and 
claimed in my pending U. S. patent application, 
Ser. No. 613,499, filed August 30, 1945. 

It is also evident that various changes, mod 
ifications, variations, substitutions, eliminations 
and additions might be resorted to without de 
parting from the Spirit and scope of my inven 
tion and hence. I do not wish to limit myself in 
all respects to the exact and specific disclosures 
hereof. 
What I claim is: 
1. An airplane of the truly tailless type em 

bodying an inherently longitudinally stable wing 
having a substantial positive value Cmo at zero 
(0) lift, a longitudinal control for the airplane 
including a longitudinal control surface mounted 
for displacement between neutral and control po 
sitions relative to said Wing, control mechanism 
for displacing said longitudinal control surface, 
a lateral control for the airplane including a roll 
control surface independent of said longitudinal 
control surface and being mounted for displace 
ment between neutral and control positions for 
establishing rolling moments on the airplane, the 
center of gravity of the airplane being located 
forward of the average fifty percent (50%), chord 
station of the maximum chord of the wing, said 
wing being without substantial sweepback where 
bw Said longitudinal control Surface when dis 
placed to control positions establishes Substan. 
tial pitching moments on the airplane, a mov 
able surface mounted for displacement to posi 
tions developing a lift acting to substantially 
neutralize the adverse lift developed by said lon 
gitudinal control surface in control positions 
thereof, respectively, and mechanism for displac 
in said lift neutralizing surface. 

2. An airplane of the truly tailless type em 
bodying an inherently longitudinally stable wing 
having a substantial positive value Cmo at Zero 
(0) lift, a longitudinal control System for the air 
lane including a longitudinal control surface 

forming a trailing portion of said wing, said con 
trol surface being vertically displaceable between 
neutral position and control positions, mecha 
nism for vertically displacing said longitudinal 
control Surface between neutral position and con 
trol positions for longitudinally controlling the 
airplane, a lateral control system for the air 
plane. including a roll control Surface for dis 



placement between neutral position and control 
positions establishing rolling moments for later 
ally controlling the airplane, control mechanism 
for displacing said roll control surface between 
neutral and control positions, a movable surface 
for displacement to positions to develop a lift 
force of a magnitude to substantially neutralize 
the lift forces developed by said longitudinal Con 
trol surface in control positions thereof, respec 
tively, mechanism for displacing said lift neu 
tralizing surface, the center of gravity of the air 
plane being located forward of the average fifty 
percent (50%) chord station of the maximum 
chord of the wing and said inherently longitudi 
nally stable wing being without substantial 
sweepback whereby said longitudinal control Sur 
face when vertically displaced to control positions 
establishes substantial pitching moments on the 
airplane for longitudinal control. 

. 3. An airplane of the truly tailless type em 
bodying an inherently longitudinally stable wing 

5. 
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having a substantial positive value Cimo at zero 
(O) lift, there being no aerodynamic structure 
for the airplane substantially to the rear of the 
trailing edge of Said wing, a longitudinal Con 
trol for the airplane including a longitudinal Con 
trol surface mounted for displacement between 
neutral position and control positions, control 
mechanism displacing said longitudinal control 
surface, an adverse lift neutralizing surface 
mounted for movement to positions substantially 
neutralizing the adverse lift developed by said 
longitudinal control Surface in control positions 
thereof, respectively, the center of gravity of the 
airplane being located forward of the average 
fifty percent (50%) chord station of the maxi 
mum chord of the Wing, and said wing being 
without substantial sweepback whereby said lon 
gitudinal control Surface when displaced to con 
trol positions establishes substantial pitching mo 
ments on the airplane. 

4. An airplane of the truly tailless type embody 
ing an inherently longitudinally stable wing hav 
ing a substantial positive value Cimo at zero (O) 
lift, a longitudinal control system for the air 
plane including a longitudinal control surface 
forming a trailing portion of Said wing Symmetri 
cal with the central portion of the wing, said con 
trol surface being displaceable between neutral 
position and Control positions, mechanism for dis 
placing said longitudinal control surface, mOY 
able surface forming a trailing portion of said 
wing outboard of said longitudinal control sur 
face, said outboard surface being mounted for 
displacement to positions establishing lift sub 
stantially neutralizing adverse lift developed by 
said longitudinal control surface in control po 
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sitions thereof, respectively, the center of grav 
ity of the airplane being located forward of the 
average fifty percent (50%) chord station of the 
maximum chord of the wing, and said wing be 
ing without substantial sweepback whereby said 
longitudinal control surface when displaced by 
said mechanism establishes substantial pitching 
moments on the airplane. 

5. An airplane of the truly tailless type em 
bodying an inherently longitudinally stable wing 
having a substantial positive value Cmo at zero 
(O) lift, a longitudinal control system for the air 
plane including a longitudinal control surface 
forming a trailing portion of said wing Symmetri 
cal with the central portion of the wing, said con 
trol Surface being vertically displaceable between 
neutral position and control positions, mecha 
nism for vertically displacing, said longitudinal 
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control surface, roll control surfaces forming the 
trailing portions of Said wing at opposite sides 
and outboard of sadd longitudinal control surface, 
respectively, for displacement to establish rolling 
moments for laterally controlling the airplane, 
control mechanism for displacing said roll Con 
trol Surfaces for lateral control, means for simul 
taneously displacing said roll control surfaces in 
the same direction independently of said longi 
tudinal control surface to positions developing a 
lift for substantially neutralizing adverse lift de 
veloped by said longitudinal control surface in 
control positions thereof, respectively, the center 
of gravity of the airplane being located forward 
pf the average fifty percent (50%) chord station 
of the maximum chord of the wing, and said wing 
being without substantial sweepback whereby said 
longitudinal control surface when vertically dis 
placed by Said mechanism establishes substan 
tial pitching moments on the airplane for longi 
tudinal control. 

6. An airplane of the truly tailless type en 
bodying an inherently longitudinally stable wing 
having a substantial positive value Cimo at zero 
(0) lift, a longitudinal control surface forming a 
portion of Said Wing and being mounted for ver 
tical displacement between neutral position and 
control positions to establish pitching moments 
for longitudinally controlling the airplane, con 
trol mechanism for vertically displacing said 
longitudinal control surface, the center of grav 
ity of the airplane being located forward of the 
average fifty percent (50%) chord station of the 
maximum chord of the wing, there being no aero 
dynamic structure for the airplane substantially 
to the rear of the trailing edge of said wing, said 
wing being without substantial sweep-back 
whereby said longitudinal control surface when 
vertically displaced to control positions estab 
lishes Substantial pitching moments on the air 
plane for longitudinal control, a movable surface 
mounted for displacement to positions establish 
ing a lift for longitudinally balancing the air 
plane to compensate for movement of the center 
of gravity of the airplane caused by variations in 
the load of the airplane, and means independent 
of said longitudinal control surface for selectively 
adjusting Said lift surface to positions longitu 
dinally balancing the airplane. 

7. A tailless airplane having an inherently lon 
gitudinally stable wing forming the lift surface 
for the airplane, a longitudinal control surface 
forming a portion of said wing and being mounted 
for movement between neutral positions and con 
trol positions establishing pitching moments for 
longitudinally controlling the airplane, control 
mechanism for moving said longitudinal control 
Surface between neutral positions and control 
positions, a movable surface forming a portion of 
said wing for selective actuation independently 
of said longitudinal control surface to adjusted 
positions to compensate for changes in center of 
gravity location for the airplane caused by varia 
tions in the airplane load to thereby longitudi 
nally balance the airplane, and means operable 
independently of said control mechanism for 
actuating said movable surface to and from ad 
justed positions independently of said longitu 
dinal control surface, to return the longitudinal 
control Surface to neutral positions. 

8. A tailless airplane including a wing provid 
ing the lifting surface for the airplane, a longitu 
dinal control surface forming a portion of said 
wing within the normal plan of the wing and 
being mounted for displacement between neutral 
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position and control positions for establishing 
pitching moments for longitudinally controlling 
the airplane, control mechanism for displacing 
said control surface, a surface forming a portion 
of said wing and being mounted for displacement 
to positions developing a lift substantially neu 
tralizing the adverse lift developed by said longi 
tudinal control surface in any control position of 
the latter surface, and means for selectively and 
independently displacing said lift neutralizing 
surface to adjusted positions relative to the con 
trol positions, respectively, of said longitudinal 
control Surface. 

9. A tailless airplane having an inherently lon 
gitudinally stable wing arrangement forming a 
lift surface for the airplane, a longitudinal con 
trol for the airplane embodying a longitudinal 
control surface forming a portion of said wing 
arrangement for movement between neutral po 
sition and control positions establishing pitching 
moments acting in the desired direction for lon 
gitudinally controlling the airplane, an adverse 
lift force neutralizing surface operable independ 
ently of said longitudinal control Surface for Se 
lective adjustment to positions relative to the 
control positions, respectively, of said control 
surface to reduce the adverse lift developed by 
said control surface in any control position 
thereof, and means for selectively and independ 
ently operating said adverse lift neutralizing Sur 
face to adjusted positions relative to the control 
positions, respectively, of said longitudinal con 
trol Surface. 

10. A tailless airplane having an inherently 
longitudinally stable wing forming a lift surface 
for the airplane, a longitudinal control for the 
airplane embodying a movable control surface 
forming a portion of said wing for movement be 
tween neutral positions and control positions es 
tablishing pitching moments for longitudinally 
controlling the airplane, control mechanism for 
moving said longitudinal control surface between 
neutral positions and control positions, an ad 
verse lift force neutralizing surface forming a 
portion of said wing and being mounted for actu 
ation independently of said movable longitudinal 
control surface for selective adjustment to posi 
tions relative to the control positions, respectively, 
of said control surface to substantially neutralize 
adverse lift developed by said longitudinal Control 
surface, means independent of said control mech 
anism for selectively and independently actuating 
said neutralizing surface to adjusted positions 
relative to the control positions, respectively, of 
said longitudinal control surface, and said oper 
ating means for the neutralizing surface being 
also operable independently of said Control mech 
anism to adjust said neutralizing surface indee 
pendently of said longitudinal control surface to 
return said longitudinal control surface to neu 
tral positions to longitudinally balance the air 
plane by compensating for changes in center of 
gravity location caused by load variations in the 
airplane, 

11. In a tailless airplane an inherently longi 
tudinally stable wing arrangement forming a lift 
surface for the airplane, a longitudinal control 
for the airplane including a longitudinal control 
Surface forming a portion of the wing arrange 
ment, operating means for moving said control 
surface between neutral position and control po 
sitions establishing pitching moments acting in 
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the desired direction for longitudinally control 
ling the airplane, an adverse lift neutralizing 
Surface forming a portion of said wing arrange 5 

21 
ment and being mounted for movement to posi 
tions for neutralizing adverse lift developed by 
said longitudinal control surface, and means for 
independently and selectively moving said neur 
tralizing surface to positions relative to the Con 
tropositions of said longitudinal control surface, 
respectively, to substantially neutralize the ad 
verse lift developed by the latter surface in any 
control position thereof. 

12. A tailless airplane embodying an inherently 
longitudinally stable wing forming the lift surface 
for the airplane, a longitudinal control for the 
airplane including a longitudinal control surface 
forming a portion of the wing within the plan 
thereof and being vertically displaceable between 
neutral and control positions establishing pitch 
ing moments acting in the desired direction for 
longitudinally controlling the airplane, an adverse 
lift neutralizing surface forming a portion of the 
wing within the plan thereof and being verties 
cally displaceable to positions for neutralizing ad 
verse lift developed by said longitudinal control 
surface in control positions thereof, and mecha 
nisms for vertically displacing said neutralizing 
surface independently of said longitudinal con 
trol surface to selected positions of displacement 
relative to the displacement of Said Control sura 
face to substantially neutralize adverse lift de 
veloped by the control surface in any control po 
sition thereof throughout the range of Vertical 
displacement of Said longitudinal control surface. 

13. A tailless airplane embodying an inherent 
ly longitudinally stable wing forming the lift sur 
face for the airplane, a longitudinal control sur 
face forming a portion of said Wing and being 
vertically displaceable between neutral position 
and control positions establishing pitching no 
ments acting in the desired direction for longi 
tudinally controlling the airplane, mechanism 
for vertically displacing said longitudinal control 
Surface, an adverse lift neutralizing surface form 
ing a portion of said wing and being vertically 
displaceable to positions relative to the control 
positions, respectively, of said control surface for 
neutralizing adverse lift developed by the latter 
surface, and means for displacing said neutraliz 
ing Surface independently of said control surface 
to such a position relative to any control position 
of the control surface that the adverse lift de 
veloped by said control surface is substantially 
balanced out by said neutralizing surface. 

14. A tailless airplane having an inherently 
longitudinally stable wing forming a lift surface 
for the airplane, a lateral control for the airplane 
embodying opposite ailerons for displacement to 
positions establishing rolling moments acting in 
the desired direction to laterally control the air 
plane, a longitudinal control for the airplane 
embodying a movable control surface forming a 
part of said wing for movement between neutral 
position and control positions establishing pitch 
ing moments acting in the desired direction for 
longitudinally controlling the airplane, control 
mechanism operatively associated with said op 
posite ailerons and with said longitudinal control 
surface for operating the said ailerons and longi 
tudinal control surface, an adverse lift force neu 
tralizing surface operable independently of said 
longitudinal control surface for selective adjust 
ment to positions relative to the control positions, 
respectively, of said control surface to substan 
tially neutralize adverse lift developed by said 
control surface in any control position thereof, 
and means independent of said control mecha 
nism for selectively operating said adverse lift 



22 
neutralizing surface to adjusted positions relative 
to the control positions, respectively, of Said lon 
gitudinal control surface. 

15. A tailless airplane having an inherently 
longitudinally stable wing arrangement provid 
ing opposite wings for the airplane, a lateral con 
trol for the airplane embodying ailerons on the 
outboard portions of said opposite wings, respec 
tively, said ailerons being displaceable to posi 
tions establishing rolling moments acting in the 
desired direction to laterally control the air 
plane, a longitudinal control for the airplane 
embodying a vertically displaceable control sur 
face forming a portion of Said Wing arrangement 
and located inboard of said opposite ailerons for 
movement between neutral position and control 
positions establishing pitching moments acting in 
the desired direction for longitudinally control 
ling the airplane, control mechanism operatively 
Coupled with said opposite ailerons and With said 
longitudinal control Surface independently for 
Operating the said ailerons and longitudinal con 
trol surface for laterally and longitudinally con 
trolling the airplane, an adverse lift force neu 
tralizing surface operable independently of said 
longitudinal control Surface and said ailerons for 
Selective adjustment to positions relative to the 
control positions, respectively, of said longitudi 
nal control Surface to substantially neutralize 
the adverse lift developed by said control surface 
in any position thereof, and means independent 
of Said control mechanism for Selectively operat 
ing Said adverse lift neutralizing surface to ad 
justed position relative to any control position 
of said longitudinal control surface. 

16. A tailless airplane, including an inherently 
longitudinally stable wing forming the lift sur. 
face for the airplane, a longitudinal control em 
bodying a vertically displaceable control surface 
forming a portion of said Wing for displacement 
between neutral position and control positions to 
establish pitching moments acting in the desired 
direction for longitudinally controlling the air 
plane, control mechanism for displacing said con 
trol Surface for longitudinal control of the air 
plane, and means operable independently of said 
Control mechanism for selective adjustment in 
acCordance With the conditions of adverse lift 
developed by said longitudinal control surface in 
control positions thereof for neutralizing the ad 
verse lift so developed at any control position of 
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Said control surface throughout its operating . 
range. 

17. A tailless airplane including an inherently 
longitudinally stable wing forming the lift sur 
face for the airplane, a longitudinal control em 
bodying a vertically displaceable control surface 
forming a trailing portion of said wing for dis 
placement between neutral position and control 
positions to establish pitching moments acting 
in the desired direction for longitudiinally con 
trolling the airplane, control mechanism for dis 
placing Said control surface for longitudinal con 
trol of the airplane, aerodynamic means oper 
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able independently of said longitudinal control 
surface for developing a lift acting in a direc 
tion opposite to the left developed by said longi 
tudinal control surface in control positions there 
of to thereby neutralize the lift developed by Said 
control surface at any control position thereof 
throughout its operating range, and means inde 
pendent of said control mechanism for selectively 
operating said aerodynamic means to develop a 
lift of a magnitude to neutralize the lift devel 
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oped at any control position of said longitudinal 
control surface, respectively. 

18. In a tailless airplane, in combination, an 
inherently longitudinally stable wing forming the 
lift surface for the airplane, a longitudinal con:- 
trol Surface mounted for movement between neu 
tral position and control positions at which said 
Surface develops pitching moments acting in the 
desired direction for longitudinally controlling 
the airplane, control mechanism for moving said 
longitudinal Control Surface between neutral and 
control positions, means operable independently 
of said longitudinal control surface and of said 
operating mechanism for Selective adjustment to 
substantially neutralize adverse lift of the mag 
nitude developed by said longitudinal control sur 
face at any control position thereof throughout 
its operating range. 

19. In a tailless airplane, in combination, an 
inherently longitudinally stable wing forming the 
lift surface for the airplane, a longitudinal con 
trol surface mounted for movement between neu 
tral position and control positions in which such 
surface develops pitching moments acting in the 
desired direction for longitudinally controlling the 
airplane, means operable independently of said 
longitudinal control surface for Selective adjust 
ment to substantially neutralize that adverse lift 
developed by said longitudinal control Surface in 
any control position of the latter throughout its 
operating range, and irreversible mechanism di 
rectly coupled with said adverse lift neutralizing 
means for selective operation of the latter. 

20. In a tailless airplane, in combination, an 
inherently longitudinally stable wing forming the 
lift Surface for the airplane, a longitudinal con 
trol Surface mounted for movement between neu 
tral position and control positions in which such 
Surface develops pitching moments acting in the 
desired direction for longitudinally controlling the 
airplane, control mechanism for moving said 
longitudinal control Surface between neutral and 
control positions, means operable independently 
of Said longitudinal control surface for Selective 
adjustment to substantially neutralize adverse lift 
of the magnitude developed by said longitudinal 
Control Surface in any control position of the 
latter throughout its operating range, and irrever 
sible mechanism. Operatively associated with said 
adverse lift neutralizing means for operation in 
dependently of Said control mechanism for selec 
tive operation of said adverse lift, neutralizing 
means in accordance with the control position of 
said longitudinal control surface. 

21. In a tailless airplane, in combination, an in 
herently longitudinally stable wing forming the 
lift Surface for the airplane, a longitudinal con 
trol surface forming a trailing portion of said 
wing and being mounted for vertical displacement. 
between neutral position and control positions at 
which said Surface develops pitching moments 
acting in the desired direction for longitudinally 
Controlling the airplane, control mechanism for 
vertically displacing said longitudinal control sur 
face between neutral and control positions for 
longitudinally controlling the airplane, an adverse 
lift neutralizing Surface forming a portion of 
said wing and being mounted for vertical dis 
placement to a position for developing a lift force 
of the desired magnitude acting in the desired 
direction, and irreversible mechanism operatively 
coupled with said adverse lift neutralizing sur 
face for actuation independently of said control 
mechanism for selective displacement of said ad 
verse lift neutralizing surface to an adjusted posi 
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tion at which the adverse lift developed by the 
longitudinal control Surface in any control posi 
tion thereof is substantially neutralized by the 
lift developed by said neutralizing surface. 

22. In a tailless airplane, in Combination, an 
inherently longitudinally stable wing forming the 
lift surface for the airplane, a longitudinal con 
trol surface mounted for displacement between 
neutral position and control positions at which 
said surface develops pitching moments acting in 
the desired direction for longitudinally control 
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ling the airplane, a surface movably mounted for 
displacement to positions Substantially reducing 
the adverse lift developed by said longitudinal 
control surface in control positions thereof, re 
spectively, pilot operated control means for dis 
placing said longitudinal control Surface to con 
trol positions, and mechanism of the irreversible 
type directly operatively associating Said pilot 
operated control means with Said adverse lift 
neutralizing surface for simultaneous displace 
ment of the latter surface by actuation of said 
pilot operated control means, to positions Sub 
stantially reducing adverse lift developed by said 
longitudinal control surface in its control posi 
tions, respectively, throughout the operating 
range of the longitudinal control Surface. 

23. In a tailless airplane, in combination, an 
inherently longitudinally stable wing, a longitudie 
nal control surface mounted for vertical angular 
displacement relative to said wing for developing 
pitching moments acting in the desired direction 
to longitudinally control the airplane, an adverse 
lift neutralizing surface mounted for vertical an 
gular displacement relative to Said wing to ad 
justed positions relative to the control positions 
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of said longitudinal control Surface, respectively, 
for neutralizing adverse lift developed by Said 
control surface, pilot operated control mechanism 
for angularly vertically displacing said longitudi 
nal control surface to control positions, and mech 
anism of the irreversible type operatively cou 
pling said adverse lift neutralizing Surface with 
said pilot operated mechanism for simultaneous 
displacement of said neutralizing surface in a 
direction opposite the direction of displacement 
of said longitudinal control Surface to thereby 
substantially reduce the adverse lift developed by 
said longitudinal control surface in any control 
position thereof throughout the operating range 
of said longitudinal control surface. 

24. In a tailless airplane, in combination, an 
inherently longitudinally stable wing forming the 
lift surface for the airplane, a longitudinal con 
trol for the airplane embodying a control Sur 
face forming a portion of the wing and being 
mounted for vertical angular displacement from 
neutral position to control positions at which 
pitching moments are developed acting in the 
desired direction for longitudinally controlling 
the airplane, an adverse lift neutralizing Surface 
forming a portion of said wing and being mounted 
for vertical angular displacement relative to the 
wing and to said longitudinal control Surface for 
establishing a lift substantially neutralizing the 
adverse lift developed by the longitudinal con 
trol surface in control positions thereof, the Said 
longitudinal control surface being mounted on 
and carried by said neutralizing surface, control 
means for vertically angularly displacing Said 
longitudinal control surface, and mechanism for 
displacing said neutralizing surface independ 
ently of the displacement of said longitudinal 
control surface to substantially neutralize the 
adverse lift developed by the latter Surface in 
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23 
any control position thereof throughout its oper 
atting range, 

25. In a tailless airplane, in combination, an 
inherently longitudinally stable wing, a longitu 
dinal control surface forming a trailing portion 
of said wing and being mounted for Vertical dis 
placement relative to said wing to control posi 
tions at which said surface develops pitching no 
ments acting in the desired direction for longi 
tudinally controlling the airplane, an adverse lift 
neutralizing surface forming a portion of said 
wing and being mounted for vertical displacement 
relative to the wing and to said longitudinal con 
trol surface for establishing a lift of a magnitude 
to Substantially neutralize the adverse lift de 
veloped by said longitudinal control surface in 
any control position thereof, respectively, the said 
longitudinal control surface being mounted along 
the trailing edge of said adverse lift neutralizing 
Surface in rearward continuation of Said surface, 
control mechanism for vertically displacing said 
longitudinal control Surface on and relative to 
said neutralizing surface independently of the 
vertical displacement of the neutralizing surface, 
and means for displacing said neutralizing sur 
face relative to and independently of said longi 
tudinal control Surface in any position of the 
latter to Selectively position said neutralizing 
Surface relative to any control position of said 
longitudinal control surface. 

26. A tailless airplane including a wing ar 
rangement providing opposite wings for the air 
plane, a lateral control for the airplane including 
ailerons mounted on said opposite wings, respec 
tively, for displacement to develop rolling mo 
ments for laterally controlling the airplane, a 
longitudinal control for the airplane embodying 
a control surface forming a portion of the wing 
arrangement and being mounted for vertical an 
gular displacement from neutral position to con 
trol positions at which pitching moments are de 
veloped acting in the desired direction for longi 
tudinally controlling the airplane, an adverse lift 
neutralizing surface forming a portion of said 
wing arrangement and being mounted for Selec 
tive vertical displacement to positions establish 
ing a lift Substantially neutralizing the adverse 
lift developed by Said longitudinal control Surface 
in control positions thereof, respectively, the said 
longitudinal control surface being mounted on 
and carried by said neutralizing Surface, control 
means for displacing said longitudinal control 
Surface independently of said adverse lift neu 
tralizing surface, and mechanism for displacing 
said neutralizing surface independently of the 
displacement of Said longitudinal control surface 
to selectively adjusted positions relative to the 
control positions, respectively, of said longitudinal 
control Surface. 

27. In a tailless airplane, an inherently longi 
tudinally stable wing providing the lift surface 
for the airplane, a lateral control System includ 
ing opposite ailerons mounted on said wing at 
the tip portions thereof, respectively, a longitudi 
nal control system for the airplane including a 
control surface forming a trailing portion of said 
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wing intermediate said opposite ailerons and be 
ing mounted for vertical displacement to estab 
lish pitching moments acting in the desired di 
rection for longitudinally controlling the air 
plane, an adverse lift neutralizing surface form 
ing a portion of said Wing intermediate said op 
posite ailerons and being mounted for vertical 
displacement to develop a lift for neutralizing the 
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adverse lift established by Said longitudinal con 
trol surface in control positions thereof, said 
longitudinal control surface being mounted on 
and carried by said neutralizing surface as a 
trailing portion thereof, control means for ver 
tically displacing said longitudinal control sur 
face independently of said neutralizing surface, 
and mechanism for vertically displacing said 
neutralizing surface independently of and rela 
tive to said longitudinal control surface. 

28. In a tailless airplane, a wing providing the 
ift surface for the airplane, a lateral control sys 
ten including opposite lateral control surfaces 
mounted on the opposite outboard portions of 
Said wing, respectively, a longitudinal control 
System for the airplane including a control sur 
face forming a trailing portion of said wing in 
termediate Said opposite lateral control surfaces, 
Said longitudinal control surface being mounted 
for vertical displacement to control positions for : 
developing pitching moments acting in the de 
sired direction for longitudinally controlling the 
airplane, an adverse lift neutralizing surface 
forming a portion of said wing forward of said 
longitudinal control surface and intermediate 
Said opposite lateral control surfaces, said lon 
gitudinal control surface being mounted on and 
carried by the trailing portion of said neutralizing 
Surface for vertical displacement thereon inde 
pendently thereof to positions at which a lift is 
developed of a magnitude for neutralization the 
adverse lift established, respectively, by said lon 
gitudinal control surface in control positions 
thereof, control means for vertically displacing 
Said longitudinal control surface independently 
of Said neutralizing surface in any position of 
the latter surface, and independent mechanism 
for vertically selectively displacing said neutral 
izing Surface to positions relative to the control 
positions of said longitudinal control surface, re 
Spectively, at which the adverse lift developed by 
Said longitudinal control surface is substantially 
neutralized by the lift developed by said neu 
tralizing surface, 

29. In a tailless airplane, a wing providing the 
lift surface for the airplane, a lateral control 
System including opposite lateral control sur 
faces mounted on the outboard portions of said 
Wing, respectively, for displacement to develop 
rolling moments for laterally controlling the air 
plane, control mechanism operatively associated 
With Said lateral control surfaces for displacing 
the same for lateral control, a longitudinal con 
trol System for the airplane, including a control 
surface forming a trailing portion of said wing 
inboard of said lateral control surfaces, said lon 
gitudinal control surface being mounted for ver 
tical displacement to control positions on said 
wing for developing pitching moments acting in 
the desired direction for longitudinally control 
ling the airplane, an adverse lift neutralizing sur 
face forming a portion of said wing forward of 
said longitudinal control surface, said longitudi 
nal control Surface being mounted on and car 
ried by the trailing portion of said neutralizing 
Surface for vertical displacement thereon inde 
pendently thereof to positions at which a lift is 
developed of a magnitude for substantially neu 
tralizing the adverse lift established, respectively, 
by said longitudinal control surface in control 
positions thereof, said control means being op 
eratively coupled with said longitudinal control 
surface for Operation to displace said surface on 
said neutralizing surface for longitudinal con 
trol, and mechanism of the irreversible type op 
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eratively directly coupled with said neutralizing 
Surface independently of said pilot operated con 
trol means, for selectively displacing said neu 
tralizing surface to adverse lift neutralizing posi 
tions, respectively, relative to the control posi 
tions of Said longitudinal control surface. 

30. In a tailless airplane, a wing providing the 
lift Surface for the airplane, a lateral control sys 
ten including opposite lateral control surfaces 
mounted on the Outboard portions of said wing, 
respectively, for displacement to develop rolling 
moments for laterally controlling the airplane, 
control mechanism operatively associated with 
said lateral control surfaces for displacing the 
Same for lateral control, a longitudinal control 
system for the airplane, including a control 
surface forming a trailing portion of said wing 
inboard of Said lateral control surfaces, said 
longitudinal control surface being mounted for 
vertical displacement to control positions on 
said Wing for developing pitching moments act 
ing in the desired direction for longitudinally con 
trolling the airplane, an adverse lift neutralizing 
surface forming a portion of said wing forward 
of said longitudinal control surface, said longi 
dinal control surface being mounted on and car 
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ried by the trailing portion of said neutralizing 
Surface for vertical displacement thereon inde 
pendently thereof to positions at which a lift 
is developed of a magnitude for substantially 
neutralizing the adverse lift established, respec 
tively, by said longitudinal control surface in 
control positions thereof, said control means be 
ing operatively coupled with said longitudinal 
control surface for operation to displace said 
Surface on Said neutralizing surface for longitu 
dinal control, and mechanism of the irreversible 
type operatively coupling said neutralizing sur 
face with said pilot operated control means 
whereby operation of the latter means to dis 
place said longitudinal control Surface for longi. 
tudinal control causes simultaneous vertical dis 
placement of Said neutralizing surface in the op 
posite direction. 

31. In a tailless airplane, an inherently longi 
tudinally stable wing forming the lift surface for 
the airplane, a longitudinal control surface 
forming a portion of said wing and being dis 
placeable to control positions relative to the wing 
for developing pitching moments acting in the 
desired direction to longitudinally control the air 
plane, opposite lateral control surfaces displace 
able for developing rolling moments acting in the 
desired direction for laterally controlling the air 
plane, a control system operatively connected 
with Said longitudinal control surface and with 
said opposite lateral control surfaces for dis 
placing the longitudinal control and the lateral 
control surfaces for longitudinally and laterally 
controlling the airplane, irreversible mechanism 
operatively associated with said opposite lateral 
control surfaces for simultaneously vertically dis 
placing said lateral control surfaces in the same 
direction to positions at which a lift is developed 
Substantially balancing out the adverse lift de 
veloped by said longitudinal control surface in 
control positions thereof, respectively, said irre 
versible mechanism being operable independently 
of the operation of said opposite lateral control 
Surfaces for roll control by the said pilot operated 
control means, and said opposite roll control sur 
faces being displaceable by said pilot operated 
control means for roll control in any position 
thereof to which displaced by said independent 
irreversible mechanism. 
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32. In a tailless airplane, an inherently lon 

gitudinally stable wing forming the lift surface 
for the airplane, opposite lateral control Sur 
faces mounted on the opposite outboard portions, . 
respectively, of said wing for displacement to 
control positions for developing rolling moments 
acting in the desired direction for laterally con 
trolling the airplane, a longitudinal control sur 
face forming a portion of said wing inboard of 
said lateral control surface and being vertically 
displaceable thereon to control positions relative 
to the Wing for developing pitching moments 
acting in the desired direction to longitudinally 
control the airplane, a control system Operative 
ly connected with said longitudinal control Sur 
face and with said opposite lateral control sur 
face for selectively displacing the longitudinal 
control Surface and the lateral control surfaces 
for longitudinally and laterally controlling the 
airplane, and independent means for simul 
taneously displacing Said opposite lateral control 
surfaces in the same direction to positions at 
which a lift is established Substantially neu 
tralizing the adverse lift developed by said longi 
tudinal control surface in any control position 
thereof. 

33. In a tailless airplane an inherently longi 
tudinally stable wing, a lateral control system 
for the airplane including opposite lateral con 
trol surfaces for displacement to develop rolling 
moments acting in the desired direction to lat 
erally control the airplane, a longitudinal con 
trol surface forming a portion of said wing and 
being mounted for displacement to control posi 
tions at which said Surface develops pitching 
moments acting in the desired direction to lon 
gitudinally control the airplane, a control mech 
anism for displacing said oppoiste lateral con 
trol Surfaces for laterally controlling the air 
plane, and means for displacing said lateral 
control surfaces independently of said pilot op 
erated control mechanism to a position for de 
veloping a lift acting to neutralize the adverse 
lift developed by said longitudinal control sur 
face in any control position of the latter sur 
face, said lateral control surfaces being displace 
able by Said control mechanism for lateral con 
trol in any adverse lift neutralizing position to 
which displaced by said means. 

34. In a tailless airplane, in combination, an 
inherently longitudinally stable wing, a longitu 
dinal control surface forming a portion of said 
Wing and being mounted for vertical angular dis 
placement relative to the wing to positions at 
which pitching moments are developed acting in 
the desired direction to longitudinally control the 
airplane, an adverse lift neutralizing surface 
forming a portion of said wing forward of said 
longitudinal control Surface and being mounted 
for vertical angular displacement to positions at 
which a lift is developed to substantially neu 
tralize the adverse lift developed by said longitu 
dinal control surface in any control position 
thereof, said adverse lift neutralizing surface 
being mounted on and carried by said longitudi 
nal control surface, control means directly op 
eratively coupled with said longitudinal control 
surface for angularly displacing the same to con 
trol positions, and irreversible mechanism oper 
atively connecting Said control means with said 
adverse lift neutralizing surface for operation 
by said control means to simultaneously and dif 
ferentially angularly displace said adverse lift 
neutralizing Surface relative to and in accord 
ance with the control position and direction to 
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which said longitudinal control surface is dis 
placed for longitudinally controlling the airplane 
by Operation of the said control means. 

35. In a tailless airplane, a wing forming the 
lift surface for the airplane, a longitudinal COT 
trol Surface mounted above the Wing for mov 3 
ment between neutral position and control posi 
tions in which said surface establishes stalling 
moments, a longitudinal control surface mount 
ed below the wing for movement between neu 
tral position and control positions in which said 
surface establishes diving moments, and control 
means for independently actuating said upper 
and lower control surfaces, respectively, for lon 
gitudinally controlling the airplane. 

36. In a tailless airplane, a wing forming the 
lift surface for the airplane, a longitudinal Con 
trol surface mounted above the wing within the 
plan thereof for movement between neutral po 
sition and control positions in which said sur 
face establishes stalling moments, a longitudinal 
control surface mounted below the wing within 
the plan thereof for movement between neutral 
position and control positions in which said Sur 
face establishes diving moments, and control 
means for actuating said upper and lower longi- . 
tudinal control surfaces for establishing pitching 
moments for longitudinally controlling the air 
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plane, 
37. In a tailless airplane, an inherently longi 

tudinally stable wing, a vertically disposed lat 
erally displaceable longitudinal control surface 
mounted above the wing within the plan thereof 
for establishing stalling moments, a vertically 
disposed laterally displaceable longitudinal con 
trol surface mounted below the wing within the 
plan thereof for establishing diving moments, 
and control means for independently actuating 
said upper arid lower control surfaces, respec 
tively, for longitudinally controlling the air 
plane. 

38. In a tailless airplane, an inhere; if on 
gitudinally stable, wing forming the lift S., iiate 
for the airplane, vertically disposed laterally dis 
placeable longitudinal control surfaces spaced 
along the span of the wing at the upper side 
thereof for establishing stalling moments, ver 
tically disposed laterally displaceable longitudi 
nal control surfaces spaced along the Span of 
and below the wing for establishing diving mo 
ments, and control mechanism for simultane 
ously laterally displacing either said upper Sur 
faces or said lower Surfaces, for longitudinal 
control of the airplane, 

39. In a tailless airplane, an inherently longi 
tudinally stable wing forming the lift surface 
for the airplane, a directional control system for 
the airplane including vertically disposed lat 
erally displaceable rudder surfaces mounted on 
the wing within the plan thereof at the upper 
side of the wing adjacent the opposite wing tips, 
respectively, stop means for maintaining Said 
rudder surfaces against lateral displacement in 
wardly from normal neutral position, control 
mechanism for selectively laterally displacing 
either of said rudder surfaces outwardly to con 
trol positions to establish yawing moments acting 
in the desired direction to directionally control 
the airplane, and each of said rudder Surfaces 
having the inboard side thereof of greater cam 
ber than the outboard side whereby forces are de 
veloped by the air flow reaction on each rudder 
surface to maintain the rudder surface against 
outward displacement from neutral position to 
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cause each rudder surface to act as vertical fin 
area for directional stability. 

40. In a tailless airplane, a wing forming the 
lift surface for the airplane, a directional con 
trol system for the airplane including vertically 
disposed rudder surfaces on the wing within the 
plan thereof at the upper side of the wing adja 
cent the opposite wing tips, respectively, each of 
said rudder surfaces being mounted for lateral 
displacement between normal neutral position. 
and control positions displaced outwardly, the 
upper side of said wing being unobstructed for 
ward of the leading edge of each of said rudder 
surfaces for uninterrupted air flow reaction on 
said surfaces, stop means for maintaining each 
rudder surface against lateral displacement in 
wardly from normal neutral position, control 
mechanism for selectively laterally displacing 
either of said rudders outwardly from neutral 
position to control positions establishing yawing 
moments for directionally controlling the air 
plane, and each of said rudders having the in 
board side thereof of greater Camber than the 
outboard side whereby the air flow reaction 
thereon establishes forces acting on each surface 
tending to maintain the Surface against out 
ward displacement. 

41. In an airplane, a wing, a control System 
for the airplane including, a vertically disposed 
control surface mounted On Said wing Spaced a 
distance outwardly from the longitudinal axis 
of the airplane for lateral displacement from 
normal neutral position Outwardly in a direc 
tion away from the longitudinal axis of the air 
plane to control positions establishing yawing 
moments acting in the desired direction, means 
for maintaining said control Surface against in 
ward displacement from normal neutral control 
position, control mechanism for laterally displac 
ing said control Surface outwardly from neutral 
position to control positions, said control surface 
being outwardly displaceable independently of 
said control mechanism, and the said control Sur 
face having the inboard side of greater Camber 
than the outboard side thereof, whereby forces 
are established by the reaction of the air flow 
on said surface acting in a direction to maintain 
the control Surface against Outward, displace 
ment. v 

42. In an airplane, a wing, a control system for 
the airplane including, a vertically disposed con 
trol surface mounted on said wing Spaced a dis 
tance outwardly from the longitudinal axis of the 
airplane and located within the plan of the wing 
for lateral displacement from normal neutral po 
sition outwardly in a direction away from the 
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longitudinal axis of the airplane to control po 
sitions for establishing yawing moments, said 
wing being unobstructed forward of the leading 
edge of said control surface, means for positively 
maintaining said control surface against inward 
displacement from normal neutral position, con 
trol mechanism for laterally displacing said con 
trol surface outwardly to control positions, said 
control surface being outwardly displaceable in 
dependently of said control mechanism, and 
aerodynamic means associated with said control 
surface and disposed in the airflow for establish 
ing forces by the reaction of the airflow on said 
means to maintain said control surface against 
OutWard displacement when said control mech 
anism is inactive. 

43. In an airplane, a wing, a control surface on 
the wing, said control surface being pivotally 
connected to adjacent structure of the wing for 
vertical displacement along the horizontally dis 
posed hinge axis, there being a gap along the 
hinge axis of said control Surface between said 
surface and the adjacent wing structure by which 
air may pass through the wing, mechanism for 
vertically displacing said control surface, said 
mechanism including a pilot actuated control 
member, and means closing the gap along the 
hinge axis of Said control surface to an extent 
to control the passage of air through such gap to 
correlate the movement of the pilot actuated 
control member to both the magnitude of the 
force and the angular displacement of the con 
trol member to thereby adjust the control reac 
tion from said control member on the pilot. 

44. In an airplane, a wing, control surfaces at 
Opposite portions of Said wing, said control sur 
faces being each pivotally connected to the wing 
for vertical displacement along horizontally dis 
posed hinge axes, each control surface being so 
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vide a gap along the hinge axes of the control 
Surface by which air may pass through the wing, 
mechanism for vertically displacing said control 
Surfaces, said mechanism including a pilot actu 
ated control member, and means embodying a 
Strip of material removably secured over the gap 
along the hinge axes of each control surface to 
close such gap against passage of air there 
through to such an extent so as to correlate the 
movement of the pilot actuated control member 
to both the magnitude of the force and the angu 
lar displacement of the control member on the 
pilot. 

THOMAS H. HUFF. 


