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The present invention relates generally to aircraft and
more parncularly to an auxiliary boom control system for
Rogallo type wing aircraft.

The primary object of this invention is to provide a con-
trol system for Rogallo type wing aircraft wherein auxil-
iary booms are incorporated into the wing adjacent the
tips and used to change the effective angle of attack of
the tip portions of the wing and thereby control the air-
craft.

Another object of this invention is to provide an auxil-
iary boom control system in which the wing tip portions
can be moved differentially or collectively for roll and
pitch control.

Another object of this invention is to provide a control
system incorporating portions of the aircraft structure in
a novel manner and being concentrated substantially in the
rear of the aircraft.

A further object of this invention is to provide a control
system which is operated by conventional pilot’s conirols
in a normal instinctive manner, the control forces being
considerably less than those required to control an un-
modified flexible wing.

With these and other objects definitely in view, this in-
vention consists in the novel construction, combination
and arrangement of elements and portions, as will be
hereinafter fully described in the specification, particu-
larly pointed out in the claims, and illustrated in the draw-
ings which form a material part of this disclosure, and in
which:

FIGURE 1 is a side elevation view of an aircraft in-
corporating the control system;

FIGURE 2 is a rear elevation view of the aircraft;

FIGURE 3 is a partial top plan view thereof with a
portion of the wing cut away; and

FIGURE 4 is a diagrammatic represematmn of one
practical form of the control system.

Similar characters of reference indicate similar or iden-
tical elements and portions throughout the specification
and throughout the views of the drawings.

General Structure

The aircraft has an airframe 10, illustrated as a closed
cabin type fuselage, with a rear mounted engine unit 12
driving a pusher propeller 14. On top of the airframe
1¢ is an upright pylon 16 to which is attached a Rogallo
type wing, generally indicated at 18, The type of air-
frame, the engine installation and location and the pylon
or comparable structure for supporting the wing may
vary considerably, that illustrated merely being an exam-
ple.

The wing 18 is of the type generally referred to as a
Rogallo wing and is of substantially triangular form with
a longitudinal central keel 20 and swept back leading
edge members 22 extending from the forward end of the
keel. Attached to the keel 26 and members 22 is a thin
flexible membrane 24 which constitutes the aerodynamic
lifting surface and is free at the trailing edge 26.. The
leading edge members 22 are normally held in spread
position by a transverse spreader bar 28. Adjacent each
tip of wing 18 is an auxiliary boom 3% pivotally attached
to the leading edge member 22 by a bracket 32 to swing
in a generally vertical plane and extending chordwise of

the wing substantially parallel to keel 2. The booms 30
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extend to the trailing edge 26 and are secured along their
full length to membrane 24.

Keel 20 is attached to pylon 16 by a universal coupling
34 which allows the wing to pivot about pitch and roll
axes. At the rear of airframe 10 is a rearwardly extended
portion 36 on which is mounted a yoke 38 which can
swing in a generally vertical plane on a transverse shaft 40
connecting one end of the yoke to said extended portion.
Connected between the other end of yoke 38 and the rear
end of keel 29 is a vertical post 41 carrying a rudder 42,
the lower end of the post having a coupling 44 which is
pivotal on an axis parallel to the axis of shaft 4¢. The
upper end of the post 41 is coupled to keel 28 by a uni-
versal coupling 46 pivotal about pitch and roll axes of the
wing 18 and, in addition, the rudder is free to swing about
the vertical axis of post 41 for directional control.

Control System

The control system illustrated in FIGURE 4 is of very
simple type using control cables and is intended only to
show the control functions. A conventional control stick
48 is coupled by pitch control cables 50 to a horn 52 fixed
to shaft 40. Iateral control cables 54 extend from the
control stick 48 to the rear ends of auxiliary booms 30,
and rudder cables 56 are connected from a rudder bar
58 to a horn 60 at the lower end of rudder 42, The sys-
tem is substantially conventional and corresponds to the
elevator, aileron and rudder control means, respectively,
of a conventional aircraft. It should be understood that
the cables may be routed in any suitable manner on proper
pulley arrangements, according to the specific design of
the aircraft structure. Alternatively, fluid pressure means,
electrical actuators, or other systems may be used to op-
erate the controls,

Operation

The Rogallo type wing is a very stable aerodynamic
element and the common means for obtaining directional
control is to shift the center of gravity of the aircraft
relative to the center of lift.. This has the same effect as
tilting the wing, the resultant offset lift causing the re-
quired change in direction.

Pitch control of the Rogallo type wing is obtained by
changing the effective angle of attack of the wing, there-
by changing the lift factor, “This is accomplished by mov-

ing control stick 48 fore and aft, as indicated by outlined

directional arrows in FIGURE 4. The resultant rotation
of shaft 40 raises or lowers yoke 38, as indicated by cor-
responding arrows, which, being connected to the keel 20,
raises and lowers the rear end of wing 18, so changing
the angle of attack., Two different positions of the struc-
ture are illustrated in FIGURE 1 as an example. Rudder
action, indicated by broken line directional arrows, is con-~
ventional,

Lateral control is obtained by moving control stick 48
from side to side, indicated by solid arrows, the cables 54
pulling down on one auxiliary boom 3¢ and allowing the
other to rise, as indicated in broken line in FIGURE 2.
In flight, the free trailing edge of the membrane 24 tends
to bow upwardly under aerodynamic load and no means is
necessatry to actually raise the auxiliary booms. The
slackening or paying out of either cable 54 simply allows
the appropriate boom to rise at the frailing edge. On the
side of the wing on which the boom 39 is pulled down,
the effective average angle of attack is increased, resulting
in an increase in lift. Conversely, on the other side of
the wing the effective angle of attack is decreased, with a
decrease in lift. The resultant unequal lift causes a roll-
ing motion in the manner of aileron action and provides
the required change of direction,

It will be evident that the moving of the booms 39 is
considerably easier than control motion of the entire wing
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18. The control forces required are thus minimized and
simple manual control of even a large Rogallo type wing
aircraft is feasible.

In addition to being movable differentially for lateral
control, the booms 3@ can also be moved coijlectively up
or down for pitch control, by fore and aft motion of the
control stick 48. As illustrated, the cables 54 are coupled
to control stick 48 below its pivot to achieve this result,
but other connecting means or control devices may be
used. Collective downward motion of booms 39 in-
creases the average angle of attack of the entire wing 18,
while collective upward motion decreases the average
angle of attack. Since the tip portions of the wing where-
in the auxiliary booms 30 are located are well aft of the
aerodynamic center of the wing, a considerable pitching
moment is obtainable. Thus control in pitch and roll
axes is accomplished by motion of small portions of the
wing with small control forces, avoiding the feedback to
the pilot’s controls of large forces caused by relative mo-
tion of the entire wing and the airframe as in flexible
wing aircraft not employing the auxiliary boom arrange-
ment.

Even though the entire wing 18 need not move relative
to the airframe 10 in normal control, the pivetal mount-
ing of wing to airframe about the pitch axis is necessary
since the wing is required to move through a considerable
range in angle of attack as a whole, particularly at take-
off and landing. It is not essential that the wing be pivotal
about the rolling axis as illustrated, but is desirable for
optimum control action by permitting an inclination of
the total effective lift vector relative to the center of gravi-
ty of the aircraft.

It is understood that minor variation from the form of
the invention disclosed herein may be made without de-
parture from the spirit and scope of the invention, and
that the specification and drawings are to be considered
as merely illustrative rather than limiting.

I claim:

1. In an aircraft having an airframe and a Rogallo type
lifting wing mounted on said airframe, a control system,
comprising:

rigid boom members flexibly attached to portions of

said wing and extending substantially chordwise of
the wing adjacent the tips thereof;

control means connected to said boom members;

said control means being operable to move said boom

members selectively differentially and collectively in
substantially vertical planes, thereby changing the
effective angle of attack of portions of the wing.
2.In an aircraft having an airframe, a lifiing wing
mounted above said airframe and having a longitudinal
keel, a pair of leading edge members extending on cppo-
site sides of said keel, and a flexible membrane constituting
a lifting surface fixed to and extending between said keel
and leading edge members, a control system, comprising:
boom members extending rearwardly from said leading
edge members and being attached to said membrane;
control means connected to said boom members;
said control means being operable to move said boom
members in substantially vertical planes, thereby
changing the effective angle of attack of portions of
said wing.
3. In an aircraft having an airframe, a lifting wing
mounted above said airframe and having a longitudinal
keel, a pair of leading edge members extending on oppo-
site sides of said keel, and a flexible membrane constitut-~
ing a lifting surface fixed to and extending between said
keel and leading edge members, a control system, com-
prising:
boom members extending rearwardly from said leading
edge members and being attached to said membrane;

said boom members being pivotally connected to said
leading edge members to swing in substantially ver-
tical planes;

control means connected to said boom members;
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said control means being operable to move said boora
members selectively upwardly and downwardly,
thereby changing the effective angle of attack of por-
tions of the wing.

4. In an aircraft having an airframe, a lifting wing
mounted above said airframe and having a longitudinal
keel, a pair of leading edge members extending on oppo-
site sides of said keel, a flexible membrane constituting
a lifting surface fixed to and extending between said keel
and leading edges, said wing being pivotally mounted for
movement about an axis transverse to said keel, a control
system, comprising:

boom members extending rearwardly from said leading

edge members inwardly of the ends thereof and
being attached to said membrane;

said boom members being pivotally connected to said

leading edge members to swing in substantially verti-
cal planes;

control means connected to said boom members;

said control means being operable to swing said boom

members selectively differentially and collectively,
thereby changing the effective angle of attack of
pertions of said wing;

and pitch control means connected between said air-

frame and said wing to move the wing about the
said pivotal axis thereof.

5. The structure according to claim 4, wherein said
pitch control means includes a substantially vertical post
pivotally connected to said keel and to said airframe;

and means to move said post selectively upwardly and

downwardly.

6. The structure according to claim 5 and including a
rudder pivotally mounted on said post;

and means to swing said rudder substantially about the

vertical axis of said post.
7. In an aircraft having an airframe, a lifting wing
mounted above said airframe and having a longitudinal
keel, a pair of leading edge members extending on oppo-
site sides of said keel, a flexible membrane constituting
a lifting surface fixed to and extending between said keel
and leading edges, said wing being pivotally mounted for
movement about an axis transverse to said keel, a control
system, comprising:
boom members extending rearwardly from said leading
edge members and being attached to said membrane;

said boom members being pivotaily connected to said
leading edge members to swing in substantially verti-
cal planes;

control means connected to said boom members;

said control means being operable to swing said boom

members selectively differentially and collectively,
thereby changing the effective angle of attack of
portions of said wing;

a yoke pivotally mounted on the rear of said airframe

to swing in a substantially vertical plane;

a post pivotally connected between said yoke and said

keel;

a rudder pivotally mounted on said post to swing about

the vertical axis of the post;

pitch control means connected to said yoke to swing

the yoke and thereby move said keel to change the
angle of attack of the entire wing;

and means to swing said rudder about the pivotal axis

thereof.
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