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TFo all whom, it may concern:
Be it known that we, OrviLLe WRIGHT

and Wirsur WRIGHT, citizens of the United

_States, residing at Dayton, in the county of
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Montgomery and State of Ohio, have in-

vented eertain new and useful Improve--

ments in Flying-Machines, of which the fol-
lowing is a specificatior., reference being had
therein to the accompanying drawings.

‘The present invention relates to that class
of fiying machines in which the weight is
sustained by the reactions resulting when
one or more aeroplanes are moved ﬁlrough
the air edgewise at a small angle of inci-
dence, either by the application of mechani-
cal power or by the utilization of the force
of gravity.

The object of the invention is-to provide
automatic controlling mechanism for main-
taining the balance of the machine about
longitudinal, lateral and vertical axes.

‘With this objéct in view our invention con-
sists in certain novel features of construc-
tion and in certain parts and combinations
hereinafter to be deseribed, and then more
particularly pointed out in-the claims.

In the accompanying drawings, Figure 1
is a front elevation of a flying machine em-
bodying our invention; Kig. 2 is a trans-
verse section, taken on the line # @ of Fig.
1 and looking in the direction of the arrows;
Fig. 8 is a horizontal sectional view, taken
on the line ¥ ¥ of Fig. 2 and looking in the
direction of the arrows; Fig. 4 is a vertical

sectional view of a portion of the machine,

taken on the line z z of Fig. 2 and looking

in the direction of the arrows; Tig. 5 is a.

detail view of the air cylinder and its con-

trolling vane; Fig. 6 is a detail view of a

modified form of controlling vane; Fig. 7 is
a longitudinal sectional view of one of the
air cylinders and piston; Fig. 8 is a trans-
verse sectional view of one of the three-way

- valves controlling the passage of air from

the tank to the cylinder; Fig. 9 is a detail
view of the drum for actuating the horizon-
tal rudder; and Tig. 10 is a detail view of
the drums for actuating the opposite lateral
portions of the aeroplanes and the vertical
rudder.

_In these drawings, we have illustrated the:

preferred form of our invention and have
shown the same as embodied in a flying ma-
chine of the general type shown and de-
scribed in Patent No. 821,393 for flying

chhine.s; granted to us May 22, 1906, but
it is obvious that the detail construction and
arrangement of this embodiment of the in-

vention could be varied, and that the same"
could be applied to any flying machine hav-

ing operable parts for controlling its equilib-
rium, whether these parts consist of adjust-
able surfaces or rudders, or of movable coun-

1. terbalancing weights.

The machine herein shown consists of two
superposed aeroplanes, 1 and 2, connected

60
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one to the other by means of rigid upright -

members 3, the upright members being pref-
erably connected at their opposite ends to
the respective aeroplanes by means of suit-
able flexible joints 4, that herein shown con-
sisting of a hook and eye carried respectively
by the aeroplane and the upright member.
These aeroplanes preferably consist of a
frame of light flexible’'material, substantially

rectangular in shape and of considerably’

greater length in the direction transverse to
the line of Hlight of the machine than in the
direction of the line of flight. These frames
are provided with a suitable covering of fab-
ric or the like. Suitable truss rods 5 extend

between the aeroplanes and are arranged’

along the forward margins thereof and are
preferably provided with flexible copnec-
tions between the same and the aeroplanes,
the connection being here shown as a hook
and eye, the hooks ﬂ)rming part of the con-
necting members 4, by means of which the
upright members 8 are secured to the aero-
planes. Near the center of the machine truss
rods @ arce provided, which. fix the fore-and
aft, position of the upper and lower aero-

planes in relation to each other. The rear

margins of the opposite lateral portions of
the aeroplanes are connected by the upright
members 8, and are immovably trussed only
in the central portions.

A twist may be imparted to the aero-
planes in any suitable manner, but we prefer

that berein shown which consists in pro-

viding a suitable cable 6 which is secured
at its opposite ends to the opposite lateral
portions of the upper aeroplane near the

rear margin thereof and the central por-

tion of which extends about guides 1. "The
opposite ends of the cable are preferably
Lifurcated, as shown in Fig. 1, and connect-

‘ed at different points along the rear margins

of the lateral portions of the aeroplanes,
thus distribating the strain along a con-
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2

siderable portion of the aeroplane and caus-
ing the same to twist uniformly and avoid
the liability of the frame buckling. A. sec-
ond cable 8, similar to the cable 6, 1s secured
to the rear margins of the opposite lateral
portions of the lower aeroplanes and extends
about suitable guides 9 secured to the upper
aeroplane. These cables -are of such a
Iength that when their opposite ends are con-
nected to the aeroplane and their central
portions passed about the guides, the cables
6 and 8 will be drawn taut. One of these
cables is provided with suitable means for
operating the same and we have here shown
this operating mechanism as connected to

‘the cable 6, which passes about the guides

7 on the lower aeroplane. Thus, it will be
seen that when this mechanism is actuated
to move the cable 6 to the left, the rear
margin of the right-hand portion of the
upper aeroplane will be drawn downwardly,
and, through the medium of the rigid con-
necting members 3, the corresponding por-
tion of the lower aeroplane will Jikewise be
moved downwardly. The downward move-
ment of the lower aeroplane draws the cable
8 from left to right, thus moving the rear

‘margin of the left-hand portion of the lower

aeroplane upwardly, and, through the me-

dium of the connecting members 3, the cor- |

responding portion of the upper aeroplane

is also moved upwardly, thereby imparting

a helicoidal twist to both aeroplanes and
causing the opposite lateral portions there-
of to be presented to the air at different
angles of incidence. By adjusting the twist
given to the opposite lateral portions of the
aeroplanes, the angle of incidence at which
the same are presented to the atmosphere
may be increased or decreased, as may be
necessary to maintain the lateral balance
of the machine. .The opposite lateral por-
tions of the aeroplanes being presented to
the atmosphere at different angles of inci-
dence also offer different resistances to the
forward movement of the corresponding por-

ticn of the aeroplanes, which causes one

end of the machine to travel at a greater
rate of speed ‘than the other, thereby dis-
turbing the balance of the aeroplanes about
a vertical axis. To counteract this tendency,
we provide means for creating a turning
foree in the opposite direction. This means
may be of any kind, but we prefer a verti-
cal rudder. Thig rudder, which is shown at
10, is preferably mounted in the outer ends
of rearwardly extending arms 11 which are
secured at their inner ends to the upper and
lower aeroplanes, respectively, near the cen-
ter thereof and are provided at their outer
ends with suitable bearings 12 adapted to
receive the stud shafts carried by-the brack-
ets 13 provided at the opposite ends of the
vjrtical rudder 10. A suitable drum or pul-
ley 14 is provided, preferably on the bracket

1,075,588

13 at the lower end of the rudder, and is .

adapted to receive a cable 15 which extends
about the same and inwardly to a point
within reach of the operator, where it is
provided with suitable means for actuating
the same and adjusting the rudder 10.

In order to regulate the rise and fall of
the machine or to cause the same to travel
in the desired horizontal plane, it is desir-
able that the angle of incidence at which the
aercplanes as a whole are presented to the
atmosphere be varied. Suitable mechanism
is, therefore, provided for governing the in-
clination of the main aeroplanes. This
mechanism is, in the present instance, shown
as a horizontal rudder 16 which is jour-
naled in suitable bearings 17 formed in the
outer ends of the forwardly extending
struts or rods 18 which are secured at their
inner ends, preferably, to the lower aero-
plane, at points on the opposite sides of the
center thereof, as shown at 19. . A suitable
drum or pulley 20 is secured to the rudder
16 and is adapted to receive a cable 21 which
extends about the same and inwardly to a
point within the reach of the operator,
where it is provided with suitable operat-
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ing mechanism for adjusting the position of

the rudder. »

In the form of the invention herein shown,
the cable 21 operating the horizontal rud-
der 16, is passed about a suitable drum or
pulley 22 rigidly mounted on the shaft 23,
which, in turn, 18 mounted in suitable brack-
ets 24, preferably mounied on the lower
aeroplane, the drum 22 being provided with
a suitable operating handle 25 for actuating
the same to control the positicn of the rud-
der 16. It is also provided with suitable
clutch members for rigidly securing the same
to a suitable driving disk 26. This disk is
loosely mounted on the shaft 23 and is pro-
vided in its periphery with a notch 27,
adapted to receive a dog 28 which is slid-
ably mounted in a suitable bracket 29 on the
handle 25 and is provided with suitable
means for actuating the same, such as the
handle 80 and connecting links 31. Thus,
the drum 22 can be actuated to adjust the
rudder 16 by hand, or the same may be posi-
tively connected to the automatically actu-
ated mechanism which is to be hereinafter
described. By adjusting this rudder, the
machine including its main aeroplanes may
be brought to any desired .inclination.

A fluud pressure cylinder 32 is herein
shown as mounted on suitable transverse
members 33, secured to members extending
between the margins of the aeroplane, and
comprises an enlarged portion 34 and a re-
duced nortion 35. The enlarged portion 8%
is provided with a suitable piston 86 which
in turn has a member 37 having an ex-
terior diameter slightly less than the interior
diameter of the reduced portion 35 6f the
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cylinder-and adapted to serve as a'piston vod
for the piston 36 and as a piston: for the
reduced portion 35 of the cylinder, both -pis-
tons being provided with .outwardly turned
flexible .cups 88. = Suitable means are
provided for cennecting :the piston with
the drum 22 which operates the rud-
der 16. This connection may be made

in any suiteble manner, but we prefer

the means herein shewn -which consists in

‘providing a crank arm .58 which is suitably

connected to the disk 26, which, in turn,
is adapted to be connected to the drum 22,
said arm being :provided at its oppesite .end
with'a wrist pin 59 adapted to extend
through :a slot 60, preferably formed in the
wall of the reduced portion 35 of the cylin-
der, and engage the piston 37, thus causing
the drum 22 :to be rotated as the pistons 36
and 37 reciprocate within the .cylinder 82.
The reduced portion 85 .of ithe cylinder is
connected with an air storage receptaclé 39,

which is preferably supported from the up-
per aeroplane, by means of a pipe 40, which.

pipe is mnormeally in open .communication
with both the cylinder and the air storage
tank 39. A constant air pressure is there-
fore exerted on the piston 87. The enlarged
portion 34 of the cylinder is connected with
the air tank 39 by means. of a pipe 41, which

is provided at a point between the cylinder-

34 and the tank 39, with a three-way valve
42 adapted to be automatically controlled
to regulate the admission of air to'the cylin-
der. This three-way valve preferably consists
of a valve casing 43, provided at its upper
and lower ends with suitable cennections for
the pipe 41 and provided on one side thereof

with an exhaust passage 44. A plug or valve

member 45 is rotatably mounted within the

-casing 48 and is provided with three ports,

one of which, the port 46, is of such a size
that it is at all times in communication with
the outlet portion of the pipe 41. The ports
47 and 48 are so arranged that the valve
member 45 may be turned to bring either
the port 47 into alinement with the inlet
portion of the pipe 41, or the port 48 into
alinement with the exhaust port 44 .in the
casing 43, or the valve member may ‘be
turned so as to move both of the ports 47
and 48 out of alinement with the respective
ports of the casing, thus closing the outlet
pipe 41 against the passage of the fluid and

locking the piston against movement. The:

valve member 43 is provided with a suitable

operating handle or arm49 which is adapted:

to be connected to the automatic controlling
mechanism. :

A flying machine is in equilibrium only
when the center of the lifting pressure is in

the same vertical line as the center of grav-:
ity. But the location of the center of pres-'

sure is dependent upon the angle of inclina-
tion of the aeroplane to the wind, and varies

8

with each change in ithe angle of inclination.
On the other hand every change in the loca-
tion of the center .of :pressure disturbs the
balance of ithe machine and tilts the aero-
planes to a different angle. Thus effects be-
come causes in turn. Thetrouble grows very
rapidly, and, unless promptly corrected, re-
sults in a-complete overturning of the whole
machine. We aim to control the trouble by
detecting ithe changes in the angle of inci-
dence at-the moment they occur, and, by in-
troducing independent controllable forces,
to bring the machine back to the original
angle .of incidence before the balance of the
machine ‘has had time :to become seriously
affected. 'We prefer to attain this by means
of automatic mechanism. .

The automatic controlling mechanism
preferably consists of a small herizontal
plane 50, mounted upon ‘the frame of the
machine at a-small negative angle with ref-
erence to the main aeroplanes, in such a
manner as to. permit the same to have a lim-
ited vertical movement, and so connected to
the arm 49.of ‘the valve member 45 as to ac-
tuate the valve as ‘the regulating plane
moves up :or -down. But in order to cause
the machine to rise or descend or to main-
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tain an approximately ‘horizontal course, it -

is necessary to change the angle between the
regulating plane and the main aeroplane.

95

Means of adjustment of some kind, which -

will permit the angle between the small reg-
ulating plane and the main aeroplanes to be
varied at the will of the operator while the
machine is in flight, is therefore desirable.
We therefore prefer to mount this plane in
the manner herein shown, which consists in
providing one or more arms 51, which are
rigidly mounted on a shaft 52 pivotally con-
nected .to the frame of the machine and
which extend downwardly substantially par-
allel with the upright members 3. Pivotally
connected'to each of the arms 51 are links 53,
which are approximately parallel and ex-
tend outwardly from the arms 51 and the
frame of the machine and support between
their outer ends the plane or vane 50. As

herein shown, each of the arms 51 is pro-

vided with two links 53, spaced a slight dis-
tanee one above the other, and pivotally con-
nected at their outer ends by a connecting
member 54, and the vane 50 is rigidly mount-
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ed between the connecting members 54. The -

two upper links 53 are rigidly mounted on a
shaft 53°. The vane 50 may be mounted
upon 4 single arm, in which case its angle to
the. main aeroplanes would be slightly al-
tered with any movement up or down; but
we prefer to mount it upon parallel arms so
that its angle to the main aeroplanes is not
affected by such movement. A suitable
counterbalance is provided for the vane 50
and the supporting frame and this counter-

‘balance is preferably provided by extending
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one or more of the links 53 rearwardly be-
yond the arm 51 and providing the same
with suitable weights 5. The frame sup-
porting the vane 50 is connected to the arm
49 of the valve 42 in any suitable manner.
As herein shown, one of the upper links 53
of this frame is connecied to the arm 49 by
means of a pivoted connecting bar or link 56.
Suitable means are also provided for adjust-
ing the frame and the vane 50 carried there-
by relatively to the aeroplanes and for secur-
ing the same in adjusted position. The piv-
ctal supports for- the arms 51 permit a
frame supporting the vane 50 to be moved
relatively to the main frame of the machine
and thus adjust the vane 50 so that its plane
forms any desired angle with the plane of
the main aeroplanes. A suitable friction
clutch is preferably provided for securing
the arms 51 in their adjusted position, and,
in the form herein shown, this locking mech-
anism is provided by extending one of the
arms 51 downwardly to form a handie and
the lower end of this handle is adapted to
engage a suitable clutch or gripping device,

- such as the spring clip 57, the frictional en-

30

gagement between the handle and the grip-
ping device being such as to secure the arms
51 and the vane 50 in their-adjusted position
and prevent the accidental- displacement
thereof. If desired, suitable stops may be
provided for limiting the movement of the

. links 53 and the vane 50. As here shown,
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these stops consist of lugs 61 extending out-
wardly on opposite sides of cne of the mem-
bers 53 and provided with suitable adjust-
able stops, such as the set screws 62, by the
adjustment of which the maximum rise and
fall of the vane 50 can be readily adjusted.
In use the vane 50 is adjusted by means of
the handle provided at the lower end of one
of the arms 51, to such angle with the main
aeroplanes as it is desired that the aero-
planes shall maintain with the relative wind.
If the relative wind at any time strikes the
aeroplanes at an angle of incidence greater
than the angle between the aeroplanes and
the regulating vane 50, it also strikes the
vane on the under side and forces it upward
and rotates the valve member 45 to bring
the inlet port 47 in alinement with the pipe
41, thus permitting the air from the storage
tank 39 to pass into the enlarged portion 34
of the cylinder 32. The difference in the
area of the piston 36 in the cylinder 84 and
the piston 37 in the cylinder 35 is such that
the air pressure in the cylinder 34 overcomes
that in the cylinder 35 and moves. both pis-
tons longitudinally of the cylinder, thus
actuating the crank arm 58 and rotating the
drum 22 to adjust the rudder 16 to such a
position as to cause the forward end of the
machine to move downwardly, thus decreas-
ing the angle of incidence of the aeroplanes
and also of the vane 50 and causing the air

1,075,688

currents to come in contact with the upper
surface of said vane. The pressure of the
air upon the upper surface of the vane moves

the same downwardly, as shown in dotted

lines in Fig. 5, and reverses the valve mem-
ber 45, thus bringing the exhaust port 48 in
alinement with the exhaust outlet 44, there-
by opening the enlarged portion 84 of the
cylinder to the atmosphere and permitting
the air pressure within the reduced portion
35 to raise the piston, and, through the me-
dium of the crank arm 58 and drum 22, to
move the rudder 16 in the opposite direction,
thus again moving the acroplanes to an in-
creased angle of incidence. These opera-
tions are repeated successively until the
movement of the vane 50 has been gradually
reduced and the vare has but a very limited
movement. Under normal conditions there
will be an almost constant movement of the
vane 50, but this movement, except in tur-
bulent winds, will be slight. The particular
angle of incidence of the air ¢ irrents to the
aeroplane at which the pressure changes
from. one side of the vane to the other we
have denominated the critical angle of inci-
dence. This angle is always equal to the
angle of the vane to the aeroplane, and is
the particular angle at which the aeroplane
is automatically maintained by the mecha-
nism already described.  Therefore, by pro-
viding means for varying the angle of ‘the
vane to the aeroplane, we have provided
means for varying the particular angle of
incidence at which the aeroplane is auto-
matically maintained, and thus have enabled
the driver to direct the machine aleng a
rising or. a descending course without inter-
rupting the working of the automatic-cen-
trolling mechanism. '

In Fig. 6 we have shown a modified form
of the controlling vane and arrangement for
varying the angle of incidence. In this
form of the device, the vane 150 is rigidly
mounted near the inner ends of a single pair
of levers or arms 153, which are pivotally
mounted between their ends on the uprights
3 and are provided on their outer ends with
counterbalancing weights 155. The armns
153 are connected with the valve arm 49 by
means of a link or connecting rod 156 piv-
oted to the arms 153 at a point between their
pivotal centers and their inner ends. The
vane 150 is actnated by air currents which
strike its upper side or lower side according
as the angle of incidence of the air currents
on the aeroplane becomes less or greater
than the angle of the vane to the aeroplane.
The vane 150 acting through”the links 153,
the connection 156, and the valve arm 49,
rotates the valve member 45 to one side or
the other of the neutral pesition, and canses
the aeroplane to be automatically main-
tained at a definite angle of incidence. T£
the arm 51 is adjusted to a new position by
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the operator, as shown by the dotted lines,

‘the angle of the vane to the aeroplane will

not be directly affected, since the arms 153
are mounted upon the uprights 8. But the

valve member 45 will be rotated away from
the neutral position, and the aeroplane will’
rot be automatically maintained at the origi- |
-nal angle of incidence, but brought to and |
Means are thus |

maintained at a new one.
provided for varying the angle of incidence
at which the aeroplane will be automatically
maintained, without interrupting the opera-
tion of the automatic mechanism,

As hereinbefore stated, any suitable means
may be provided for adjusting the twist of
the opposite lateral portions of the aero-
planes and for compensating inequalities in
the resistance of the right and left wings
when adjusted to different.angles with ref-
erence to each other. The means for accorn-
plishing this result, which is herein shown,
consists in providing the cable 6, which is
connected to the opposite lateral portions of
the upper aeroplane, with a short cable 63,
the opposite ends of which are connected to
the cable 6 at points within the guides 7.
The cable 63 passes about suitable guides 64
and has its central portion extending about
a drum or pulley 65, which is mounted on a

suitable shaft 66 journaled in suitable

brackets 67, preferably mounted on the
frame of the lower aeroplane. The drum

. 65 is solidly mounted on the shaft 66-and is

36

40

46

60

66

80

65

-provided with a handle 68 for actuating the

same and is also provided with suitable

“clutch mechanism for positively connecting

the same to a disk 69. The disk 69 is loosely
mounted on the shaft 66 and provided with
a recess adapted to receive a dog 71 slidably
mounted in a suitable guide 72 on the handle
68 and provided with a suitable operating
handle 78. The cable 15, which operates the
vertical rudder 10 extends about a drum 74,
which is loosely mounted upon the shaft 66
adjacent to the drum 65 and is provided
with a friction clutch for securing the same
to said shaft in its adjusted position. This
friction clutch preferably consists of a split
collar 75 rigidly secured to the drum 74 and
provided with a suitable bolt' and thumb
nut 76 for clamping the same about the
shaft 66. The drum 74 is also provided
with an- operating handle 77. For aute-
matically operating the drums 65 and 74, we
provide an air cylinder 78, similar in. con-
struction to the cylinder 32, and connect the
piston thereof with the disk 69 by means of
a suitable connecting rod ¥9. This cylin-
der, as in the case of the cylinder 32, has'its
smaller end in open communication with the
air supply tank 39 by means of the pipe 80.
The large end of the cylinder 78 is con-
nected with the tank 39 by means of a
pipe 81, which is provided intermediate the
tank 39 and the cylinder 78 with a valve 82,

S

similar in construction to the valve 42 in the -

pipe 41. The arm 83 of the valve 82 is con-
nected by means of a link 84 with one arm:
83 of a bell crank lever which is pivotally
connected to the frame-of the machine at 86
and has its opposite arm 87 of considerably
greater lengththan thearm 85and extending
downwardly to a point near the lower aero-
plane, where it is provided with a suitable
weight 88, thus forming a pendulum. Suit-
able stops 90 may be provided to regulate
the motion of the -pendulum. Under nor-
mal conditions the pendulum 87 is at sub-
stantially right angles to the aeroplanes and
maintains the valve 82 in its closed position,
thus holding the piston in the cylinder 78
against movement. 3ut should one end of
the machine rise to a higher level than the
opposite end, as shown in Fig. 4, the pendu-
lum 87 will swing toward the lower end of
the machine, thus operating.the valve 82 to

8¢

admit pressure at one end of the piston and

move the same longitudinally of the cylin-
der. Thus, through the medium of the con-
necting rod 79,-an§ the disk 69, the drums 65
and 74 are rotated, thereby adjusting the op-
posite lateral portions of the aeroplanes and
the vertical rudder 10 to such a pesition as
to counteract the influence which is causing
the aeroplanés to tilt and in that manner
regulate the disturbances of balance-about a
vertical axis. The first swing of the pendu-
lum is such as to carry the rudder and aero-
planes beyond the neutral point, and, con-
sequently, the pendulum will swing back -
and reverse the position of these parts.
These operations are. successively repeated
until the pendulum 87 loses its movement
and comes to rest and the parts are held in
their adjusted position so long as the ma-
chine maintains its lateral balance. If it is
desired to drive the machine in a circle, the
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drum 74, which controls the vertical rudder

and which is held in place on the axle 66 by
friction only, may be turned to a new posi-
tion on the axle 66 and thus set the vertical
rudder at an angle to its normal position,
and, with the parts thus reset, the automatic- -
controlling mechanism will operate then in
exactly the same manner as when the ma-
chine s being driven forward in a straight
line. We have also found it advisable to
provide the several pipes leading from the
cylinders to the air tank with flexible joints
and connections; such as are shown at 89.
The fluid pressure cylinders 78 and 32 are
here shown as mounted in vertical and hori-
zontal positions respectively, but it will be

‘obvious that the arrangement of these cylin-

ders is immaterial and that they may be
placed in any convenient position. Any
suitable means may be provided for operat-
ing the balancing devices according to the
movements of the automatic regulating
vane, but we prefer the fluid-operuted mech-
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anism herein shown. Further, the auto-
matic regulating or controlling vane 50 may

" be placed in any suitable position relatively
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to the acroplanes and may be subjected to
air pressure either on one side or on both
sides, as in the present instance.

The operation of the device will be readily
apparent from the description of the opera-
tion of the several parts and it will be ap-
parent that we have provided automatic
means, whereby the fore and aft balance of
the machine may be maintained at a deter-
mined angle of incidence, and means where-
by the angle of incidence at which the ma-
chine is automatically balanced may be
varied at the will of the operator while the
machine is in flight: and further, that we
have provided automatic mechanism for
maintaining the lateral balance of the ma-
chine, the automatic controlling mechanism
being adapted to so adjust the angles of
incidence of the opposite lateral portions of
the aeroplanes and the position of the ‘verti-
cal rudder relatively to the aeroplanes as to
restore the lateral balance of the machine if
the same should be caused to tilt to one side
or the other.

Tt will be understood that the automatic
regulating mechanisms herein described
may be applied to any form of flying ma-
chine having movable parts, and we wish
it to be understood that we do not desire
to be. limited to the exact details of con-
struction shown and described, for obvious
modifications will occur to a person skilled
in the art.

Having thus fully described our inven-
tion, what we claim as new and desire to
secure by Letters Patent, is:—

1. In a flying machine, the combination,

with an aeroplane constituting a support-

ing-surface and operable means for main- |

taining the balance thereof, of a vane adapt-
ed; as the machine advances, to be actuated
by air currents, and means controlled by
said vane when so. actuated for operating
said balancing mechanism.

9. In a flying machine, the combination,
with an aeroplane constituting a support-
ing-surface and operable means for con-
trolling the balance thereof, of a movable

‘horizontal vane adapted to be actuated by
air currents whenever the course of the ma-

chine varies from the plane of said vane,
and means controlled by saii vane for op-
erating said balancing mechanism.

3. In a flying machine, the combination,
with an aeroplane constituting a support-
ing-surface, and an adjustable rudder for
maintaining the balance thereof, or a mov-

able vane operatively connected to said rud-

der and adapted to be actuated by air cur-
rents. :

4. In a flying machine, the combination,
with an seroplane constituting a support-

1,075,633

ing-surface, and an adjustable horizontal
rudder for maintaining the fore and aft
balance thereof, of a movable vane adapt-
ed to be actuated by air currents, and means
controlled by said vane for operating said

-rudder.

5. In a flying machine, the combination,
with an aeroplane constituting a support-
ing-surface, and an adjustable horizontal
rudder for governing the inclination there-
of, of a movable horizontal controlling vane
adapted to be actuated by air currents which
strike its upper or its lower side according
as the angle of said currents to said aero-
plane is less or greater than the angle of
said vane to said aeroplane, and means
contralled by said vane for operating said
rudder.

6. In a flying machine, the combination,
with an aeroplane, means for maintaining
the balance thereof; and means for actuat-
ing said balancing mechanism, of a vane
adapted to be actuated by air currents, mov-
ably mounted on said machine and opera-
tively connected to said actuating mecha-
nism, and means for varying the critical
angle at which the balancing mechanism is
actuated.

7. In a flying machine, the combination,
with an aeroplane, means for maintaining
the balance thereof, and means for actuat-
ing said balancing mechanism, of a vane
adapted to be actuated by air currents mov-
ably mounted on said machine and opera-
tively connected to said actuating mecha-
nism by adjustable connections which per-
mit the particular angle of incidence at
which the aeroplane is automatically main-
tained to be changed. o

8. In a flying machine, the combination,
with an aeroplane, operable means for main-
taining the balance thereof, and means for
actuating said balancing mechanism, a hori-
zontal vane adapted to be actuated by air
currents and operatively connected to said
balancing mechanism, of means for adjust-
ing the angle between the vane and aero-
plane without interrupting the operation of
said automatic mechanism.

9. In a flying machine, the combination,
with an aeroplane, means for maintaining
the balance thereof, and means for actuat-
ing said balancing mechanism, of a hori-
zontal vane movably mounted on said ma-
chine in such a manner that it can-rise and
sink without changing its angle with the
aeroplane, and operatively connected to said
actuating mechanism.

10. In a flying machine, the combination,

with an aeroplane, means for maintaining
the balance thereof, and means for actuat-
ing said balancing mechanism, of vertically
extending arms pivotally connected to said
machine, horizontally extending links piv-
otally connected to said arms, vertical mem-
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- operating said Dbalancing mechanism, of a
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‘bers connecting the extremities of said links,

said balancing mechanism, of a vane mov-

"with an aeroplane, means for maintaining

* chine and adapted to engage said -cables,
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a horizontal vane supported by said mem-
‘bers, aiid means for operatively connecting
snid vane to said actuating mechanism,

11. In a flying machine, the combination,
with an aeroplane, méans for maintaining
the balance thereof, and means for actuating

ably mounted on said machine and opera-
tively connected to said actuating mecha-
nism, means for adjusting the .angre of said
vane with said aeroplane, and means for se-:
ouring the same in its adjusted position.

12. In a flying machine, the combination,'

the balance thereof, and a cable for operat-
ing said balancing mechanism, .of a shaft;
supported on ‘said aeroplane, a drum loosely
mounted on said shaft .and provided with a:
handle, a disk mounted om said shaft and |
having a recess in the periphery thereof, a:
dog carried by said handle and adapted to:
engage said recess, and means for positively |
rotating said disk. .
13. In a flying machine, the combination, !
with an aeroplane, and operable means for |
maintaining the balance thereof, and a han-
dle -operatively connected with said means, |
of ‘automatic mechanism for controlling the
operation of said balancing mechanisin, and |
means for making and breaking the connec- |
tion between the automatic mechanism andi
the balancing mechanism. !
'14. In a flying machine, the combination,
with an aeroplane having portions capable
of facing forward at different angles of in--
cidence on the right and left sides, and
means of regulating resultant disturbances
of balance about a vertical axis, of mecha-
nism for adjusting said portions, and auto-
matic means for controlling the action of
snid mechanising
15. In a flying machine, the combination,
with an aeroplane, and horizental surfaces
to ihe right and left of the center of the
machine which ean be adjusted to different
angles of incidence for regulating the lateral
balance, means for regulating resultant dis-
turbances of bulance about a vertical axis,
and means for adjusting said surfaces, of a
pendulum mounted on said machine and
adapted to move-transversely of the line of
flight thereof, and means. for operatively
connecting. snid pendulum to both of said
adjusting mechanisms. - v
16. In a flying machine, the combination,
with an aerpplane, means for maintaining
the lateral balance thereof, and cables for:

plurality of drums mounted on said ma-

means for actuating said drums in unison,
and means for adjusting one. of said drums
1-el?tively to the other. '

17. In a flying n:nchine, the combination,

kg

with an aeroplane, smd means for maintain-
ing the lateral balance thereof, of a finid

pressure cylinder comprising an enlarged

portion and a reduced portion, the reduced
portion being in open communication with
the source of fluid supply, oppositely facing
pistons within said cylinder adapted to move
in unison and operatively connected to said
balancing mechanism, a pipe connecting the
enlarged pertion of said cylinder to said
source of fliid supply, a valve in said. pipe,
and means for automatically operating said
valve. : '

18. In a flying machine, the combination,
with an sercplane, and means for maintain-
ing the balance thereof, of fluid -operated

mechanism operatively -connected tosaid bal-.
ancing mechanism, and a vane for automati-

cally controlling the admission of fluid to
said fluid operated mechanism.

19. In a flying machine, the combination,
with an aeroplane, and means for moving
the right and left portions thereof -about a
transverse axis so as-to face forward at dif-
ferent” angles of incidence, and means for
regulating resultant disturbances of balance
about a vertical axis, of a pendulum mount-
ed so as to move transversely of the line of
flight, and opératively connected with one
of snid means so as to control the action
thereof. T

.20, In a flying machine, the combination,
with an aeroplane, and means for moving
the right and left portions thereof about a
transverse axis, so as to face at different
angles of incidence, of a pendulum mounted
so as to move transversely to the line of
flight, and operatively connected with said
means so as to control the action thereof.

91, In a flying machine, the combination,
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with an aeroplane having lateral portions .

capable of being twisted so as to face for-
ward on the right and left sides at different
angles of incidence, and means for produc-
ing said twists, of automatic means for con-
trolling the twists of said aeroplane so as
to keep the aeroplane in balance, operatively
connected to said means for producing said
twists. ‘ :
22. In a flying machine, the combination,
with an aeroplane, means for moving the
right and left portions thereof about a
transverse axis so as to face forward at dif-
ferent angles of incidence, and means. for
regulating resultant disturbances of balance
about a vertical axis, of a pendulum mount-

"ed so as to.move transversely to the line of

flicht and operatively connected with both
of said means so as to control the action
thereof. - s = : . ‘

23, In a flying machine, the combination,
with an aeroplane constituting a support-
ing-surface, and means for maintaining the
balance thereof, of a movable vane, and
means regulated by the movement of said
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vane for operating said balancing mecha-
nism. : '

24. In a flying machine, the combination,
with an aeroplane constituting a supporting-
surface, of a movable vane, and means con-
trolled by the movement of said vane for
regulating the angle of incidence of said
aeroplane. '

25. An aeroplane, including in combina-
tion a transversely extended planar mem-
ber, means for moving its outer edges on
either side out of the normal plane, connec-
tions between the edges on one side and on
the other to cause them to have correspond-
ing but opposite movements in order to im-
part to the aeroplane a tendency to rotate

about its longitudinal-axis, and means gov-’

erned by the transverse inclination of the
aeroplane to the horizontal for controlling
said first-mentioned means.

26. The combination in a flying machine
employing a flexible supporting plane, of
means carried by said supporting plane and
cobperating with the same to automatically
twist said plane and change the angularity
of portions thereof to the air pressure to re-
store equilibrium of the machine when the
latter tilts.

27. A flying machine, having, in combina-

tion, an aeroplane of substantially rectangu-
lar form having an unbroken surface, elon-
gated transversely to the line of flight, and
automatic means for imparting to the oppo-
site lateral end portions of said aeroplane a
movement about an axis lying in the bedy
of the aeroplane perpendicular to the lat-
eral margins of said end portions, and there-
by moving them to different angular rela-
tions to the normal plane of the body of the
aeroplane. :
. 28. A flying machine, having, in combina-
tion, an aercplane normally flat and elon-
gated transversely to the line of flight, and
automatic means for imparting to said aero-
plane a helicoidal warp around an axis
transverse to the line of flight and extend-
ing centrally along the body of the aero-
plane in the direction of its elongation.

29. A flying machine, having, in combina-
tion, parallel superposed aeroplanes, the op-
posite lateral end portions of each being ca-
pable of movement to different positions

_above or below the normal plane of the

. b5
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body of the aeroplane, such movenient being
about an axis transverse to the line of flight,
whereby said lateral end portions may be
moved to different angles relatively to the
normal plane of the body of the aeroplane,
and to different angles relatively to each
other, so as to present to the atmosphere dif-
ferent angles of incidence, uprights connect-
ing said aeroplanes at their edges by flexible

- joints, and automatic means for simultane-

.69

ously imparting such movement to said lat-
eral end portions, the upright maintaining
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a fixed distance between the parts which
they connect, whereby the lateral end por-
tions on the same side of the machine are
moved to the same angle.

 80. In-a flying machine a steering surface
and a controlling surface operatively con-
nected with said steering surface, and means
for adjustably mounting said controlling
surface to permit the. bodily movement
thereof under the influence of air pressure.

31. In a flying machine a steering surface
and a controlling surface operatively con-
nected with said steering surface, a support
for said controlling surface to permit the
free movement thereof, and comprising
guiding means to maintain said surface at
a constant angle with respect to the horizon-
tal, when the machine is in a normal hori-
zontal position.

32. In a flying machine having a lifting
plane, a steering surface, and a controlling
surface operatively connected with said
steering surface, said controlling surface be-
ing free to move bodily, and being guided to
maintain definite angularity with respect to
said lifting plane. ,

38. In a flying machine, a steering surface,
and. a controlling surface operatively con-
nected with said steering surface, said con-
trolling surface having a limited freedom
of bodily movement; and means for operat-
ing said steering surface independently of
said controlling surface.

84. In a flying machine, a steering surface,
a controlling surface free to move bodily,
means for operating said steering surface,
and means for operatively connecting said
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controlling surface and said first-mentioned .

means.

-85. In a flying machine, a steering surfa e,
a controlling surface free to move bodily,
means for manually operating said steer-

106

ing surface independently of said control- . '

ling surface, and means for adjustably con-
necting said controlling surface and said
operating means. -

36. In a flying machine, a steering surface,

and a controlling surface operatively con-
nected with said steering surface, said con-
trolling surface being free to move and be-
ing guided to maintain a constant angle with:
respect to the horizontal when the. machine
is in a normal horizontal position, and means
for adjusting said controlling surface to
change its direction of movement.
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87. In a flying machine, a steering surface,

and a controlling surface operatively con-
nected with said steering surface, said con-
trolling surface being free to move and be-
ing guided to maintain a constant angle with
respect to the horizontal when the machine
is in a normal horizontal position, and means

. for adjusting said controlling surface to

change said constant angle.
38. In a flying machine having a lifting
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plane, a steering surface, and a controlling
surface operatively connected with said
steering surface, said controlling surface be-
ing free to move bodily, and being guided
to maintain definite angularity with respect
to said lifting plane, and means for adjust-
ing said controlling surface to change said
definite angle. o ’

39. In an aeroplane; a suitable framework
at the reat thereof, a vertically disposed
rudder plane mounted therecn, means actu-
ated by.gravity, and means connecting said
rudder plane therewith, whereby said rudder
plane is actuated automatically according
aeroplane in flight.

40. In a flying machine, a balancing ap-
paratus comprising a horizontal - plane,
means to maintain the plane balanced under
normal conditions, a horizontally pivoted
rudder, and mechanism controlled by the
movement of the plane when it becomes un-
balanced to actuate the rudder.’ >

41. An aeroplane including in combina-

" tion a vane or plane movable so as to vary

_said portions,

D

its angle of incidence with respect to air
currents to control or affect the equilibrinm
of the aeroplane, manually operable means
for moving said plane, automatic means for
operating said plane, one of said operating
means being capable of movement independ-
ently of the other of said operating means.

49, Tn a flying machine, the combination, .

with an aeroplane having portions capable
of facing forward at different angles of in-
cidence on the right and left sides, and au-
tomatically controlled means of regulating
resultant disturbances of balance about a

35

vertical axis, of mechanism for adjusting -

and automatic means for con-
trolling the action of said mechanism.’

Tn testimony whereof, we affix our signa-
tures in presence of two witnesses.

ORVILLE WRIGHT.
WILBUR WRIGHT.

Witnesses:
C. E. TayLor,
Laposkie MILLER.,
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