The Wright brothers’ patents and their low
importance for aviation

by Bogdan Lazar
February 20, 2020

Table of Contents
The Wright brothers’ patents and their low importance for aviation.................................................................................. 3
Patents related to the stabilization of an aeroplane in roll, using wing warping plus a vertical tail rudder, and in pitch,
with a horizontal front elevator ...................................................................................................................................... 4
The aeroplane with two front vertical rudders, one fix and the other mobile ................................................................ 4
Two vertical vanes placed close to the tips of the main wings ...................................................................................... 4
The automatic pitch and roll stabilizers, two fallacies ................................................................................................... 4
The Flexible rudder ........................................................................................................................................................ 5
The British patent no. 6732 for 1904 – Manual stabilization in roll and pitch of an aeroplane – May 12, 1904 ............... 5
The US patent no. 821,393 – Manual stabilization in roll and pitch of an aeroplane – May 22, 1906 .............................. 7
The British patent no. 392 of Matthew Piers Watt Boulton – A thorough description of the ailerons, and how they can
be used for stabilizing an aerial vessel about its longitudinal axis, is given – August 5, 1868 .......................................... 7
The flying machine with front and rear vertical rudders – March 30, 1908 ....................................................................... 8
The flying machine with two lateral vanes – March 30, 1908 ........................................................................................... 9
The US patent no. 1,075,533 – Automatic pitch and roll stabilizer – filed on February 10, 1908 ................................... 10
The automatic roll stabilizer ......................................................................................................................................... 10
The automatic pitch stabilizer ...................................................................................................................................... 10
Why a pendulum cannot stabilize a plane in roll ......................................................................................................... 12
Why the vanes of the Wrights cannot stabilize a plane in pitch ................................................................................... 12
The automatic roll and pitch stabilizer as a whole ....................................................................................................... 14
The US patent no. 908,929 – “Mechanism for Flexing the Rudder of a Flying Machine” – January 5, 1909 ................. 14
Conclusions ...................................................................................................................................................................... 15
The Wright brothers’ patents filed between March 22, 1903 and July 15, 1908 – full text ............................................. 16
Other documents – full text .............................................................................................................................................. 41
The patent no. 392 for 1868, of M. P. W. Boulton, which contains a clear description of ailerons ................................. 42
References ........................................................................................................................................................................ 47
Various documents ....................................................................................................................................................... 47
Newspaper articles about Wilbur’s flights in France ................................................................................................... 48
The first witnessed flights in the world ........................................................................................................................ 48
Wright brothers’ patents ............................................................................................................................................... 48

The Wright brothers’ patents and their low importance for
aviation

The Wright brothers were two American inventors who claimed
they built and piloted powered heavier-than-air flying machines in
1903, 1904, 1905 and May 1908 and really flew planes in front of
numerous witnesses, including personalities of the aeronautic world,
starting with August 8, 1908, when Wilbur, the elder of them, was
seen up in the air above the Hunaudières racecourse near Le Mans,
France. The article “Le premier vol, en France, du premier homme
oiseau” by François Peyrey (L’Auto, Paris, August 9, 1908, col. 1-2,
p. 5) gives a detailed record of the flight performed the previous
day and also mentions the names of a few eyewitnesses: Ernest
Zens, who timed the flight at 1 minute and 45 seconds, Paul Zens,
Ernest Archdeacon, Louis Blériot, René and Pierre Gasnier, Captain
Léonide Sazerac de Forge, Count Henri de Moy, all members of the
French Aéro-Club.
No technical drawing, detailed description or clear picture
showing a Wright plane, on the ground or in the air, were made
available to the general public before August 8, 1908, so none of
the powered apparatuses constructed and flown before the above
mentioned date, according to what the two inventors pretended,
could have been a source of inspiration for other aviation pioneers
because nobody knew exactly what those machines looked like.
The French newspapers (see the examples listed below) started to
show pictures of Wilbur’s biplane on August 12, 1908.
1908-08-12, “De nouveau, Wilbur Wright à volé”, L’Auto, Paris, August 12,
1908, col. 3-4, p. 1.
1908-08-12, Raoul Sabatier, “L’homme volant. Wilbur Wright a fait hier à
25 mètres de hauteur plus de Quatre kilomètres en 3 minutes 43 secondes.”,
Le Journal, Paris, August 12, 1908, col. 3-4, p. 1.
1908-08-12, “Les expériences de Wright. Supériorité de l’aéroplane
américain.”, Le Petit Parisien, Paris, August 12, 1908, col. 3-4, p. 2.
1908-08-12, “La conquête de l’air. L’Aéroplane Wright.”, Le Radical, Paris,
August 12, 1908, col. 3-4, p. 2.

All these papers contain at least one clear photo showing the Wright
machine.
The first planes were officially witnessed taking off, under their
own power, in France on September 13, 1906, and October 7, 1906,
piloted by Santos Dumont and Traian Vuia, respectively. The
aviation evolved rapidly and on January 13, 1908, Henri Farman
already flew one kilometer in a circuit. Orville Wright even
witnessed Farman flying on November 18, 1907, as can be seen
from the article “Mr. Orville Wright Sees Mr. Henry Farman
Compete for Deutsch-Archdeacon Prize” (New York Herald, Paris,
November 19, 1907).
Pictures claimed by Orville Wright as made between December
17, 1903, and October 5, 1905, and showing three different planes
(the 1903, 1904 and 1905 models) first appeared in print quite late,
in “The Wright Brothers’ Aeroplane” by Orville and Wilbur Wright
(The Century Magazine, New York, September 1908, Vol. LXXVI,
No. 5, pp. 641-650).
The sole thing the two brothers from Dayton, Ohio, showed,
before August 8, 1908, was a series of kites and gliders. These
unpowered machines are the only ones that could have inspired the
inventors who built planes and performed witnessed flights, beyond
any doubt, from September 13, 1906 to August 8, 1908. Here is a
list with three important articles containing photos with these
gliders in flight or on the ground:
1901-12, Wilbur Wright, “Some Aeronautical Experiments”, Journal of the
Western Society of Engineers, Chicago, December 1901, Vol. VI, No. 6, pp.
489-510.
1903-08, Wilbur Wright, “Experiments and Observations in Soaring Flight”,
Journal of the Western Society of Engineers, August 1903, Vol. VIII, No. 4,
pp. 400-417.

1903-08, Octave Chanute, “La Navigation Aérienne aux États-Unis”,
L’Aérophile, Paris, August 1903, 11e Année, No. 8, pp. 171-183.

Finally, Wilbur and Orville were granted a series of similar
patents in: Great Britain (May 12, 1904), France (September 1,
1904), Austria (February 26, 1906), United States (May 22, 1906)
and other countries. All of them just briefly point out the invention
could also apply to planes but their texts plus accompanying
drawings describe and show a glider. Later, starting with November
18, 1907, the two Daytonians filed other patents but again they do
not show powered flying apparatuses.
Therefore, the case of the Wrights as the first people who built
and flew planes is extremely weak and their 1903-1905 planes, as
flight capable machines, which really traveled through the air
carrying a pilot, are so elusive that their importance for powered
aviation is zero.
The Wright gliders were so unstable that their rotations about the
longitudinal and transverse axes had to be continuously controlled
just to fly along straight lines. The main idea, in all their patents, is
pitch and roll stability, not three-axis control. Also an objective
clearly stated was “to provide efficient means of guiding the
machine in both vertical and horizontal directions”, the Wrights do
not claim steering. How the altitude could be changed is explained
well. The front elevator has a double role, to stabilize the airplane
in pitch and to change its height above the ground but regarding
taking turns the short explanations given by the two inventors are
not convincing. There is no indication in any of their patents that
they understood the principle behind turning a plane/glider by
banking, that they were aware of the important lateral centripetal
force that appears. They do not say in any place that rolling the
flying apparatus to one side will cause it to start making a turn.
As a remark, it was already known that heavier-than-air machines
could be built in such a way that they were able to maintain their
equilibrium automatically, without the continuous intervention of
the operator. The article “Mechanical Flight. Wonderful
Performance of Professor Langley’s Aerodrome.” (The Roanoke
Daily Times, Virginia, US, May 13, 1896, col. 4, p. 8) contains a
statement of Alexander Graham Bell regarding two flights of a
model plane, actuated by a steam engine, he had witnessed on May
6, 1896. The inventor of the telephone was impressed by the
stability of this apparatus during both its powered flight, while
ascending, and as a glider, after the engine stopped. This is what he
said:
“The aerodrome or flying machine, in question, was of steel, driven by a
steam engine. It resembled an enormous bird, soaring in the air with extreme
regularity in large curves, sweeping steadily upward in a spiral path, the
spirals with a diameter of perhaps 100 yards, until it reached a height of
about 100 feet in the air at the end of the course of about half mile.
“Then the steam gave out, the propellers which had moved it stopped and
to my further surprise the whole, instead of tumbling down, settled as slowly
and gracefully as it is possible for any bird to do, touched the water without
any damage and was immediately picked out and ready to be tried again.

The description given by Bell proves that the automatic stability of
planes or gliders was no longer an unsolved issue, as far back as
1896.
Another note would be about the May 1908 alleged flights and
authentic pictures showing a Wright powered machine in the air.
These photos, published on May 30, 1908, and taken by James H.
Hare from the American magazine Collier’s, do not reveal anything
new. They are apparently shot from a great distance and show a
slightly modified 1902 glider. The engine and propellers are not
visible. In their May 30, 1908, issues, Collier’s published one such
image and the Scientific American two, in the following articles:
1908-05-30, Arthur Ruhl, “History at Kill Devil Hill. A Description of the
First Flight of the Wright Brothers’ Aeroplane Witnessed by an Uninvited
and Impartial Jury Representing the World at Large.”, Collier’s, New York,
May 30, 1908, Vol. XLI, No. 10, pp. 18-19 and 26.

1908-05-30, “The Wright Aeroplane Test in North Carolina”, Scientific
American, New York, May 30, 1908, Vol. XCVIII, No. 22, cover and p. 393.

This book is dedicated to the patents of the Wrights filled before
August 8, 1908, in at least one country. They can be divided into
five groups. To avoid accusations that I give citations out of context
to make a point, I attached to this work the full text of at least one
patent in each category. Only the versions published in Great
Britain, France, Austria and United States are discussed and special
attention is given to the patents granted in the United States,
because they are in English and also contain, in general, more
details than their foreign forms.
Patents related to the stabilization of an aeroplane in roll, using
wing warping plus a vertical tail rudder, and in pitch, with a
horizontal front elevator
1903-03-23 – 1906-05-22, Orville and Wilbur Wright, “US Patent No.
821,393 – Flying-Machine”, Filed: March 23, 1903, Patented: May 22, 1906,
10 pages.
1904-03-19 – 1904-05-12, Orville and Wilbur Wright, “GB Patent No. 6732,
A.D. 1904 – Improvements in Aeronautical Machines”, Date of Application:
19th Mar., 1904, Accepted: 12th May, 1904, 5 pages.
1904-03-22 – 1904-09-01, Orville and Wilbur Wright, “French Patent No.
342.188 – Perfectionnements aux machines aéronautiques”, Filed: March 22,
1904, Delivered: July 1, 1904, Published: September 1, 1904, 4 pages.
1904-03-23 – 1906-02-26, Orville and Wilbur Wright, “Austrian Patent No.
23174 – Flugmaschine”, Filed: March 23, 1904, Beginning of patent term:
September 15, 1905, Issued: February 26, 1906, 3 pages.

They are all similar forms of the same application. The British,
French and Austrian versions, which contain the same drawings,
were made available to the public earlier but the American revision
is more elaborate. All four have as their main subject the roll and
pitch stabilization of gliders, pointing out, at the same time, the
invention can also be used for powered machines. Neither they nor
latter patents, first filled in 1907 or 1908, show drawings of
motorized apparatuses. The main idea of all four is that an
aeroplane type machine can be manually stabilized in roll and pitch
by a pilot who continuously controls the position of its ailerons and
front elevator. Because, once moved from their neutral location, the
ailerons not only start turning the plane about its longitudinal axis
but they also induce an unwanted rotation about the vertical axis
(adverse yaw), the rear rudder of the glider or plane also moves, in
correlation with the twist of the wings, in such a way as to
counteract the above referred parasitic phenomenon.
Concerning this first and most important patent, more precisely
its German version, filed on March 23, 1904, Harry Aubrey
Toulmin (the Wright brothers’ patent lawyer) explained to Carl
Pieper (his German correspondent), in a letter dated April 11, 1905,
that the wing twisting and the vertical rudder had nothing to do with
steering the machine. This document brings further evidence that
the two brothers did not claim means by which the horizontal
direction of flight could be changed. Here is the relevant excerpt of
the letter:
“It is evident from the action of the German Patent Office that the
invention is not yet understood by them. The entire purpose of the structure
on which the application is based, excepting the front rudder, which is for
another purpose, is to maintain the body of the structure level or parallel
with the horizon. It has nothing whatever to do with steering, neither has it
anything to do with the raising and lowering of the plane of flight. The
setting of the two parallel edges of the supporting planes at different angles
is solely for the purpose of maintaining the wide body of the machine
parallel with the horizon. The rear rudder is solely for the purpose of
overcoming the tendency to turn around a vertical axis which naturally
results from setting the two edges of the planes at different angles. …
We shall trust to you to place these matters before the German Office in
the best way possible and hope that you will be successful in obtaining the
allowance of the application.” (H. A. Toulmin, “Letter to Carl Pieper”,
Springfield, Ohio, April 11, 1905)

The explanation above nullifies any kind of pretentions that the
Wrights invented the three-axis control system, as long as their
patent application had “nothing whatever to do with steering”.
The aeroplane with two front vertical rudders, one fix and the
other mobile
1907-11-18 – 1908-03-30, Wilbur and Orville Wright, “French Patent No.
384.124 – Perfectionnements aux machines aéronautiques”, Filed:
November 18, 1907, Delivered: January 27, 1908, Published: March 30,
1908, 8 pages.
1908-02-17 – 1914-12-29, Orville and Wilbur Wright, “US Patent No.
1,122,348 – Flying-Machine”, Filed: February 17, 1908, Patented:
December 29, 1914, 10 pages.
1908-11-10 – 1909-04-01, Wilbur and Orville Wright, “GB Patent No.
24,076, A.D. 1908 – Improvements in or connected with Flying Machines”,
Date of Application: November 10, 1908, Accepted: April 1, 1909, 12 pages.

All three are closely related to the first group. The French and
British versions were published first but the American variant
contains again more details. The element of novelty, they came
with, was the introduction of two additional vertical rudders, one
fix, the other mobile, both of them placed in front of the main wings.
Their principal purpose was to provide the pilot with better means
for counteracting that adverse yaw which appeared when the wings
were twisted for stabilizing the plane in roll.
Two vertical vanes placed close to the tips of the main wings
1907-11-18 – 1908-03-30, Wilbur and Orville Wright, “French Patent No.
384.125 – Perfectionnements aux machines aéronautiques”, Filed:
November 18, 1907, Delivered: January 27, 1908, Published: March 30,
1908, 6 pages.
1908-02-17 – 1911-03-21, Orville and Wilbur Wright, “US Patent No.
987,662 – Flying-Machine”, Filed: February 17, 1908, Patented: March 21,
1911, 5 pages.
1908-02-24 – 1909-03-10, Wilbur and Orville Wright, “Austrian Patent No.
36566 – Drachenflieger”, Filed: February 24, 1908, Beginning of patent
term: October 15, 1908, Issued: March 10, 1909, 4 pages.
1908-11-10 – 1909-02-18, Wilbur and Orville Wright, “GB Patent No.
24,077, A.D. 1908 – Improvements in or connected with Flying Machines”,
Date of Application: November 10, 1908, Accepted: February 18, 1909, 7
pages.

They are again four roughly identical patents. This time, for
counteracting the same parasitic effect already explained, the
Wrights imagined two vertical rudders placed close to the tips of
the main wings. Their principal purpose was to equalize the uneven
drag the wingtips encountered when they were twisted in opposite
directions and in consequence to prevent the rotation of the
aeroplane about its vertical axis.
The automatic pitch and roll stabilizers, two fallacies
1908-02-10 – 1913-10-14, Orville and Wilbur Wright, “US Patent No.
1,075,533 – Flying-Machine”, Filed: February 10, 1908, Patented: October
14, 1913, 14 pages.
1909-02-06 – 1909-09-09, Orville and Wilbur Wright, “GB Patent No. 2913,
A.D. 1909 – Improvements in or connected with Flying Machines”, Date of
Application: February 6, 1909, Accepted: September 9, 1909, 19 pages.
1909-02-08 – 1909-09-21, Wilbur and Orville Wright, “French Patent No.
401.905 – Perfectionnements aux machines volantes”, Filed: February 8,
1909, Delivered: August 14, 1909, Published: September 21, 1909, 17 pages.

This set of three identical patents, containing the same drawings, is
about two mechanisms the Wrights regarded as capable of stabilizing
an aeroplane in roll and pitch, respectively. In reality, both of them are
fallacies and cannot work.
The brothers believed the rod of a pendulum always tends to align to
the vertical of the place. This reasoning is correct if the acceleration of
the suspension point is zero, which, unfortunately, is not the case inside
a plane. In consequence, the orientation of a pendulum rod, able to
rotate about a fix pivot placed somewhere in a flying glider or powered

machine, cannot be used as a reference that shows the vertical and so it
is useless in correcting the roll of an airplane about its longitudinal axis.
Regarding the pitch stabilization, the Wrights also believed that a
system, imagined by them and driven by a wind vane (two version were
proposed), could keep an aeroplane fly horizontally or along a straight
course set by the operator. In reality the brothers’ vanes would have
rested in the same position, relative to the plane, for a variety of
situation in which the apparatus climbed, descended or flied parallel to
the ground. Therefore, the position of the vane could not have been
used as a reference able to indicate the horizontal.
The Flexible rudder
1908-07-15 – 1909-01-05, Orville and Wilbur Wright, “US Patent No.
908,929 – Mechanism for Flexing the Rudder of a Flying Machine or the
Like”, Filed: July 15, 1908, Patented: January 5, 1909, 5 pages.
1909-07-08 – 1909-12-14, Wilbur and Orville Wright, “French Patent No.
404.866 – Perfectionnements au mécanisme servant présenter un gouvernail
de machine aéronautique sous une forme concave”, Field: July 8, 1909,
Delivered: October 30, 1909, Published: December 14, 1909.
1909-07-09 – 1909-08-05, Orville and Wilbur Wright, “GB Patent No.
16,068, A.D. 1909 – Improvements in Mechanism for Actuating the
Rudders or Controlling Planes of Aeronautical Machines”, Date of
Application: July 9, 1909, Accepted: August 5, 1909, 5 pages.

These three identical documents have as their object a mechanism
for flexing the rudder of a flying machine for the purpose of
modifying its lift. As a remark, the British and French patents of
1904 plus their Austrian and US versions granted in 1906 all show
a drawing, the same, presenting a flexible front elevator.
The British patent no. 6732 for 1904 – Manual stabilization in roll
and pitch of an aeroplane – May 12, 1904

can control the roll of the machine. Unfortunately, once the wings are
warped, a parasitic phenomenon appears which causes an additional
rotation about the vertical axis of the flying machine. The movement of
the vertical rudder, in synchronization with the magnitude and direction
of the twist, prevents this unwelcomed secondary effect. It should be
emphasized here that the two inventors did not limit themselves to the
wing warping method, for raising or lowering the tips of the wings. As
can be seen from the citation below, they claim, in fact, the ailerons in
general not just the particular form described in the patent.
“We do not confine ourselves to the particular construction and attachment
of the rear rudder hereinbefore described, nor to this particular construction
of surfaces or wings, but may employ this combination in the use of any
movable vertical rear rudder operated in conjunction with any wings capable
of being presented to the wind at respectively differing angles at their
opposite tips for the purpose of restoring the lateral balance of a flying
machine and guiding the machine to right or left.”

The text quoted above also mentions “guiding the machine to
right or left”, not only its stabilization in roll. How this steering
could be obtained, with a rear vertical rudder working in
synchronization with the degree of twist induced by the moving
cradle to the main wings, is not explained. A reader of the patent
can only make guesses like this one: If, for example, the intention is
to direct the plane to the right (see Fig. 1) then the pilot, with the
help of the cradle 9, raises the tips of the front part of the left pair of
wings. Automatically, the same front part, but of the right wings, is
lowered and the vertical rudder turned to the right. The plane will
roll to the right and start to take the turn but being unstable the
operator has to continuously move the cradle, this time not about its
neutral position, like in horizontal flight along a straight line, but
about a new zero corresponding to the desired degree of banking to
the right, otherwise the glider/airplane goes out of control.
The vertical rudder rotates automatically
to the right to counteract the adverse yaw.

On March 19, 1904, the Wrights applied for a British patent that
was accepted quickly, on May 12, 1904:
1904-03-19 – 1904-05-12, Orville and Wilbur Wright, “GB Patent No. 6732,
A.D. 1904 – Improvements in Aeronautical Machines”, Date of Application:
March 19, 1904, Accepted: May 12, 1904, 5 pages.

Left side up
More drag

Right side down
Less drag

It contains three technical drawings: a view in perspective, a side
elevation, and a top plan view, all showing a 1902 Wright like
glider. From the beginning, the two brothers explain what their
invention is about and also summarize its objectives, as can be seen
from the following excerpt:
“Our invention relates to improvements in that class of aeronautical
machines in which the weight is sustained by the reactions resulting when
thin surfaces, or wings, are moved horizontally almost edgewise through the
air at a small angle of incidence, either by the application of mechanical
power, or by the utilization of the force of gravity.
The objects of our invention are, first, to provide a structure combining
lightness, strength, convenience of construction, and the least possible edge
resistance; second, to provide means for maintaining or restoring the
equilibrium of the apparatus; and third, to provide efficient means of
guiding the machine in both vertical and horizontal directions.”

Some of these objects are strengthened by fourteen claims that conclude
the patent.
After this introduction, the constructive elements of the apparatus
shown in the drawings, together with its principles of operation, are
thoroughly presented. In short, the flying machine is composed of a
front elevator, a rear rudder and two wings, stacked one above the other,
which sustain its weight when they move through the air at a small
angle of attack. The pilot lies prone on the lower surface having his
body in contact with a mobile cradle connected, through a system of
cables, guides and pulleys, to the tips of the wings and also to the
vertical rudder placed at the rear of the glider. When the operator moves
his body to the left, for example, this mechanism warps the left and
right wings in opposite directions, an action that determines the glider
to rotate about its longitudinal axis. If the cradle goes, from its neutral
position, to the right then the twist changes its symmetry and the glider
rotate in the opposite direction. In other words, with his body, the pilot

Fig. 1. Perspective view of the Wright glider as it appears in the
British patent No. 6732. The three arrows and the text
corresponding to each of them were added by me to illustrate the
explanation above regarding how this flying machine could have
been steered to the right.
Fig. 2 shows a simplified model of the apparatus in Fig. 1. The
horizontal component of the lift, Lift║, whose magnitude depends
on the angle of roll 𝜃, is the one that turns the plane.

Fig. 2. Plane/glider taking a turn by banking (simplified model).

The radius of the turn can be found using the equations ( 1 ):
𝑉2
(1)
𝐿 sin 𝜃 = 𝑚 ·
and 𝐿 cos 𝜃 = 𝑚 · 𝑔,
𝑅
where 𝑉 is the speed of the plane, 𝑚 its mass, R the radius of the
𝑉2

turn, the centripetal acceleration, 𝐿 the lift, 𝜃 the angle of bank
𝑅
and 𝑔 the gravitational acceleration.
By eliminating 𝐿 in ( 1 ), it follows that:
𝑉2
(2)
𝑅=
,
𝑔 tan 𝜃
As can be seen in Fig. 2, the task of the pilot is quite complicated
while taking a turn to the right. He has to continuously move the
vertical rudder about its new neutral position, corresponding to the
angle 𝜃, in order to maintain the stability of the flying machine.
Also the British patent accepted on May 12, 1904, just briefly
mentions steering in the horizontal plane, the brothers being quite
vague about it, two of their articles, published in 1901 and 1903,
show that they had in mind taking turns, by rolling the plane to one
side using the wing warping method, before going to Kitty Hawk,
North Carolina, for the first time in 1900, which is prior to the date
of their first manned glides. However, when tried in practice, the
method proved at first problematic, the glider started turning but, at
the same time, had an unexpected behavior that led to a crash. The
1903 article even show a picture with a Wright glider in flight and
banked to one side. The image is titled: “Turning to the right”. This
is what the Wrights wrote in their 1901 account:
“The lateral equilibrium and the steering to right or left was to be attained
by a peculiar torsion of the main surfaces, which was equivalent to
presenting one end of the wings at a greater angle than the other. In the main
frame a few changes were also made in the details of construction and
trussing employed by Mr. Chanute. The most important of these were; (1)
the moving of the forward main cross-piece of the frame to the the extreme
front edge; (2) the encasing in the cloth of all cross-pieces and ribs of the
surfaces; (3) a re-arrangement of the wires used in trussing the two surfaces
together, which rendered it possible to tighten all the wires by simply
shortening two of them.
With these plans we proceeded in the summer of 1900 to Kitty Hawk,
North Carolina, a little settlement located on the strip of land that separates
Albemarle Sound from the Atlantic Ocean.” (Wilbur Wright, “Some
Aeronautical Experiments”, Journal of the Western Society of Engineers,
Chicago, December 1901, Vol. VI, No. 6, pp. 489-510 (p. 495))

It is evident from the citation above that the initial aim of the two
Daytonians was to both stabilize their machine in roll and steer it
just by twisting the main wings. The text does not talk about
involving any vertical rudder.
A part of the 1903 article, which is quoted below, contains a
lengthy description of some problems the Wrights encountered
while trying to make their 1902 glider more manageable in flight.
This apparatus had wings longer than those of the previous
machines and their shape was neither anhedral nor dihedral. It also
possessed a vertical tail, while the earlier gliders were tailless and
had the wingtips drawn down. In order to make the 1902 apparatus
more stable in roll, the brothers decided to reconfigure its wings by
lowering their extremities. After the change, Orville “started on a
flight with one wing slightly higher than the other. This caused the
machine to veer to the left”. This statement represents evidence that
banking the glider really determined it to start turning. However, it
is clear from the article that what the two inventors had in mind
before this trial was testing the anhedral stability of the glider and
the wing warping mechanism, not its capacity to take turns as long
as the younger brother “waited a moment to see whether” the
machine “would right itself, but finding that it did not, then decided
to apply the control. At the very instant he did this, however, the
right wing most unexpectedly raised much worse than before”. This
statement seems to describe the negative effect of the adverse yaw

generated when the wings of the flying apparatus were twisted with
the purpose of righting it.
Also the brothers gave the wings the anhedral shape “the lateral
control still remained somewhat unsatisfactory. The [fixed] tail was
useful at times and at others was seriously in the way. It was finally
concluded that the best way of overcoming the difficulty was by
making the tail movable like a rudder…With this improvement”
their “serious troubles ended”. From this explanation, it is evident
that making the tail mobile improved the stability in roll of the
glider but it is not clear how. The Wrights do not explicitly say that
this rudder was used for counterbalancing the adverse yaw. Here is
the text describing the 1902 experiments discussed above:
“In several other glides there were disturbances of the lateral equilibrium
more marked than we had been accustomed to experience with the former
machines, and we were at a loss to know what the cause might be. The new
machine had a much greater tip-to-tip dimension than our former machines;
it also had a vertical tail while the earlier ones were tailless; and the wing
tips were on a line with the center while the old machines had the tips drawn
down like a gull’s wings. The trouble might be due to either of these
differences. We decided to begin alterations at the wing tips, and the next
day made the necessary changes in the trussing, thus bringing the tips six
inches lower than the center. For several days thereafter the weather was not
suitable for gliding on account of rain, but finally the sky cleared and the
machine was taken out again. As the anemometer indicated a wind velocity
of more than 11 meters a second, it was thought best to make use of the
Little Hill in testing the effect of the changes that had been made. But later
in the day, when the velocity fell to about nine meters a second, the Big Hill
was tried again. On this day my brother Orville did most of the gliding.
After a few preliminary flights to accustom himself to the new method of
operating the front rudder, he felt himself ready to undertake the
management of the lateral control also. Shortly afterward he started on a
flight with one wing slightly higher than the other. This caused the machine
to veer to the left. He waited a moment to see whether it would right itself,
but finding that it did not, then decided to apply the control. At the very
instant he did this, however, the right wing most unexpectedly raised much
worse than before and led him to think that possibly he had made a mistake.
A moment of thought was required to assure himself that he had made the
right motion, and another to increase the movement. Meanwhile he had
neglected the front rudder by which the fore and aft balance was maintained.
The machine turned up in front more and more till it assumed a most
dangerous attitude. We who were on the ground noticed this in advance of
the aviator, who was thoroughly absorbed in the attempt to restore the
lateral balance, but our shouts of alarm were drowned by the howling of the
wind. It was only when the machine came to a stop and started backward
that he at length realized the true situation. From the height of nearly thirty
feet the machine sailed diagonally backward till it struck the ground. …
This little misadventure which occurred almost at the very beginning of our
practice with the new machine was the only thing approaching an accident
that happened during these experiments, and was the only occasion on
which the machine suffered any injury. The latter was made as good as new
by a few days’ labor, and was not again broken in any of the many hundred
glides which we subsequently made with it. …
It had been noticed during the day that when a side gust struck the
machine its effect was at first partly counteracted by the vertical tail, but
after a time when the machine had acquired a lateral motion, the tail made
matters worse instead of better. Although the change that had been made in
the wing tips made some improvement, the lateral control still remained
somewhat unsatisfactory. The tail was useful at times and at others was
seriously in the way. It was finally concluded that the best way of
overcoming the difficulty was by making the tail movable like a rudder. As
originally built the fixed vertical tail or vane was double, but in changing to
a movable rudder it was made single, as the smaller area was believed to be
sufficient. As reconstructed it spread a little less than six square feet. With
this improvement our serious troubles ended and thereafter we devoted
ourselves to the work of gaining skill by continued practice.” (Wilbur
Wright, “Experiments and Observations in Soaring Flight”, Journal of the
Western Society of Engineers, August 1903, Vol. VIII, No. 4, pp. 400-417
(pp. 404-407))

The same article, at page 409, contains the following photo: “

Turning to the Right.”

Coming back to the British patent, the glider is also fitted with a
horizontal rudder placed in front of the wings. Its main role is to
stabilize the apparatus in pitch and it is controlled by the hands of
the pilot through a mechanism which changes both its angle of
attack and curvature, at the same time, to make it more efficient.
This surface, according to what the Wrights believed, has also the
role of preventing a crash if the machine slows down too much.
They give the following explanation of the method by which the
apparatus can be recovered:
“Contrary to the usual custom, we place the horizontal rudder in front of
the main surfaces or “wings” at a negative angle, and use no horizontal tail
at all. By this arrangement we obtain a forward surface which is almost free
from pressure under ordinary conditions of flight, but which, even if not
moved at all, becomes an efficient lifting surface whenever the speed of the
machine is accidentally reduced very much below the normal, and thus
largely counteracts that backward travel of the centre of pressure on the
main surfaces or wings which has frequently been productive of serious
injuries by causing the machine to turn downward and strike the ground
head on.”

The statement above is not entirely correct. If the flying machine
stalls then the front elevator, which can also stall, will save it just in
favorable cases like, for example, when after the stall it just
happens that the glider or plane falls nose down, gain enough speed
and so becomes controllable again.
The French patent no. 342.188 (published on September 1, 1904)
and its Austrian form no. 23174 (issued on February 26, 1906) are
similar to the British version, containing the same drawings. As a
note, No. 342.188 was published by L’Aérophile in the article
“Derniers perfectionnements connues des machines volantes
Wright” (L’Aérophile, Paris, January 1906, 14 e Année, No. 1, pp.
23-26) and so it became widely known to the aeronautic world of
France.
The US patent no. 821,393 – Manual stabilization in roll and pitch
of an aeroplane – May 22, 1906

On May 22, 1906, a US patent was granted to the Wright brothers:
1903-03-23 – 1906-05-22, Orville and Wilbur Wright, “US Patent No.
821,393 – Flying-Machine”, Filed: March 23, 1903, Patented: May 22, 1906,
10 pages.

The main ideas are the same as in the May 12, 1904, British
version, but the explanations are more complete. This time, the way
the wings twist is shown in one of the five illustrations that
accompany the text, a thing that makes the patent more easily
comprehensible.
The most important claim is No. 15, with its generalization No.
14, because it sums up most of the demands in the patent. The
brothers claim the invention of: “15. A flying-machine comprising
superposed connected aeroplanes, means for moving the opposite
lateral portions of said aeroplanes to different angles to the normal
planes thereof, a vertical rudder, means for moving said vertical
rudder toward that side of the machine presenting the smaller angle

of incidence and the least resistance to the atmosphere, and a
horizontal rudder provided with means for presenting its upper or
under surface to the resistance of the atmosphere, said vertical
rudder being located at the rear of the machine and said horizontal
rudder at the front of the machine, substantially as described.”.
Point No. 14 no longer restricts the positions of the horizontal and
vertical rudders, leaving the reader to understand these surfaces can
also be placed anywhere. Additionally, the Wrights mention, before
the section of claims, that they do not limit themselves to a biplane
saying their invention “may be embodied in a structure having a
single aeroplane [wing]”. Furthermore, they added the remark:
“our invention is not limited to this particular construction [the
distinct way in which they twisted the wings], since any
construction whereby the angular relations of the lateral margins of
the aeroplanes may be varied in opposite directions with respect to
the normal planes of said aeroplanes comes within the scope of our
invention”. The brothers continued with another generalization,
saying: “Moreover, although we prefer to so construct the
apparatus that the movements of the lateral margins on the
opposite sides of the machine are equal in extent and opposite in
direction, yet our invention is not limited to a construction
producing this result, since it may be desirable under certain
circumstances to move the lateral margins on one side of the
machine in the manner just described without moving the lateral
margins on the other side of the machine to an equal extent in the
opposite direction.”
From the beginning, like in the British patent, the brothers
defined the type of flying machine they referred to and the
objectives of their patent, as can be seen from these paragraphs:
“Our invention relates to that class of fling-machines in which the weight
is sustained by the reactions resulting when one or more aeroplanes are
moved through the air edgewise at a small angle of incidence, either by the
application of mechanical power or by the utilization of the force of gravity.
The objects of our invention are to provide means for maintaining or
restoring the equilibrium or lateral balance of the apparatus, to provide
means for guiding the machine both vertically and horizontally, and to
provide a structure combining lightness, strength, convenience of
construction, and certain other advantages.”

It is true, the Wrights said that one goal of their invention was to
fit a glider or powered apparatus with means that made it dirigible
in the vertical and horizontal planes but they did not detail in the
claims section anything about steering their machine in the three
dimensional space (see the entire text of No. 821,393 in the chapter
which contains the brothers’ patents in full). They only claim roll
and pitch stabilization, together with some constructive details.
Also, besides the statement that some “mechanical power” could be
used, no further clarifications are provided regarding what such a
powered apparatus should look like.
The British patent no. 392 of Matthew Piers Watt Boulton – A
thorough description of the ailerons, and how they can be used
for stabilizing an aerial vessel about its longitudinal axis, is given
– August 5, 1868

Could the Wright brothers have claimed the invention of ailerons
in general as they did at point 14 of their US patent granted on May
22, 1906? The answer is no, because a thorough description of
ailerons and the way they can be used for stabilizing a vehicle that
travels through the air was given in the British patent no. 392 of
1868:
1868-02-05 – 1868-08-05, Matthew Piers Watt Boulton, “GB Patent No.
392, A.D. 1868 – Improvements in Propulsion and in Aerial Locomotion,
and in Apparatus Connected Therewith, Parts of Which Are Applicable to
Projectiles and to Boilers”, Dated: February 5, 1868, Sealed: August 4, 1868,
Filed: August 5, 1868, Printed: 1868, 21 pages.

This patent does not contain drawings or descriptions of planes or
gliders but it is evident from its explanations and illustrations that
the author proposed a form of ailerons aimed at stabilizing “aerial
vessels” in roll, as can be seen in the citation that follows:
“For the safety of aerial vessels it is important to provide a controlling
power not only to direct their horizontal and vertical course, but also to
prevent their turning over by rotating on the longitudinal axis. A certain
stability of the kind desired is afforded by using an extended surface whose
sides make an angle from the axis upwards as has previously been described
by others. But it is desirable to provide a more powerful action preventing
rotation of the body in this direction. For this purpose a rudder of the
following construction may be adopted: — Vanes or moveable surfaces are
attached to arms projecting from the vessel laterally or at right angles to its
length. When these vanes are not required to act they present their edges to
the front, so as to offer little resistance to the vessel’s movement, but if the
vessel should begin to rotate on the longitudinal axis the vanes are moved so
as to take inclined positions, those on the ascending side of the vessel being
caused to rotate to such an inclination that the air impinging upon them
exerts a pressure downwards, while those on the descending side are so
inclined that the air impinging upon them exerts a pressure upwards, thus
the balance of the vessel is redressed and its further rotation prevented. The
vanes may be moved by hand or by self-acting mechanism; for this purpose
a weight or heavy body is connected to the vessel which carries the vanes so
that the vessel may rotate on the longitudinal axis without imparting such
rotation to the weight or heavy body. When rotation of the vessel in the
direction described begins the relative positions of the vessel and the heavy
body change, and consequently by means of cords or other suitable
connections between the heavy body and the vanes the required movement
can be communicated to the vanes.” (M. P. W. Boulton, “GB Patent No. 392,
A.D. 1868, Sealed: August 4, 1868, p. 16)

Regarding the text above, three drawings are provided.

the horizontal and vertical course of aerial vessels and to prevent
their turning over by rotating on the longitudinal axis.
As the Wright brothers, with their pendulum in the US patent no.
1,075,533 – Automatic pitch and roll stabilizer – filed on February
10, 1908, Boulton made the same error believing that a weight used
to automatically control his ailerons tended to hang vertically while
the aerial vessel was moving through the air. In reality, Boulton’s
automatic stabilizer in roll cannot work for the same reasons
explained in the chapter dedicated to the US patent no. 1,075,533.
However, the 1868 text also specifies that the “vanes [ailerons]
may be moved by hand” which is perfectly possible.
As already stated, Boulton’s drawings do not show any kind of
aeroplane and one might argue that he did not think of a heavier
than air flying machine while writing the text of his patent. The
answer is that he had in mind powered planes as long as, after
describing an engine invented by him, he wrote:
“Apparatus as above described … may also be employed to propel an
inclined plane or surface, by the motion of which through the air upward
pressure is produced and the vessel supported in the manner which is well
understood and has often been described.” (M. P. W. Boulton, “GB Patent
No. 392, A.D. 1868, Sealed: August 4, 1868, pp. 11-12)

The excerpt above leaves no doubt that Boulton referred to
airplanes and was well aware of their principle of operation.
The flying machine with front and rear vertical rudders – March
30, 1908

On March 30, 1908, another French patent (No. 384.124), of the
two inventors, was published. This has a more detailed and clear
American version (No. 1,122,348), filed on February 17, 1908, and
granted much latter, on December 29, 1914. There also exists a
British form (GB patent no. 24,076, A.D. 1908; accepted on April 1,
1909) containing the same drawings as the document in French.
The remarks in the current chapter refer to the US patent:
1908-02-17 – 1914-12-29, Orville and Wilbur Wright, “US Patent No.
1,122,348 – Flying-Machine”, Filed: February 17, 1908, Patented:
December 29, 1914, 10 pages.

Fig. 3. The figures 5, 6, 7 of the British patent no. 392 for the year
1868.
Detailed explanations are given for each of them:
“Figure 5 represents a transverse section of a plane fitted with rudders
constructed according to my Invention to prevent its turning over on an axis
in its line of motion through the air. a is a section of the plane which is
supposed to have taken a position inclined to the horizon; b and c are two
vanes mounted on axes one at each side of the plane, so that it can be turned
round like a throttle valve; d is a heavy body suspended by an endless cord,
which passing over guide pullies is wound for several times on barrels on
the axes of b and c. When the plane takes an inclined position, as
represented in the Figure, the weight d tending to hang vertically under the
centre of gravity tightens the cord on one side and slackens it on the other,
and thus causes the vanes b and c to turn into inclined positions upon their
respective axes. The cord is so wound upon the barrels b and c that while the
one is caused by the action of d to rotate in the one direction the other
rotates in the opposite direction.
Figure 6 represents an end view of b and Figure 7 an end view of c when
these vanes are turned to suit the oblique position of a in Figure 5. The plane
being moved through the air in the direction of the arrow e the air presses
upon the under surface of the vane c and on the upper surface of b, and thus
tends to restore the plane to its horizontal attitude.” (M. P. W. Boulton, “GB
Patent No. 392, A.D. 1868, Sealed: August 4, 1868, pp. 19-20)

A further remark is that Boulton was aware of the notion of threeaxis control as long as he wrote about a controlling power to direct

It came with a new idea, seen by the Wrights as an improvement
over the method by which they controlled the roll stability of an
aeroplane type flying machine in their May 22, 1906, US patent and
its foreign versions. From the start the two brothers explained the
goal of their innovation: “The object of the invention is to provide
means for regulating lateral balance by the use of horizontal
surfaces adjustable to different angles of incidence on the right and
left sides of the center of the machine, and adjustable vertical
surfaces for counterbalancing any resulting turning force about the
central vertical axis of the machine.”.

Fig. 4. Perspective view of a flying machine with three vertical
rudders, two adjustable and one fixed. (The drawing does not show
the front elevator.)

To overcome more efficiently the parasitic turn, about its vertical
axis, the flying apparatus experiences when the main wings are
twisted at different angles relative to their untwisted planes, the
Wrights provide, as shown in Fig. 4, “a suitable adjustable surface
in the rear of the machine, such as the vertical rudder 20, which is
pivotally mounted between rearwardly extending arms 21, and is
provided near its lower pivotal support with a pulley 22, about
which passes a cable 23 which extends to within reach of the
operator, thus enabling the rudder 20 to be turned to receive a
pressure from the air on that side which is toward the wing having
the smaller angle of incidence”. There is nothing new up to here, an
identical vertical rear rudder, for exactly the same purpose, had
already been proposed in their May 22, 1906, patent. The novelty
comes with the introduction of two additional rudders, their role
being motivated with an explanation that I will quote exactly as it
was written by the inventors: “A turning movement can be
produced only by a combination of forces acting in different
directions. In the case of a machine of this character, the inertia of
the machine may act as one of these forces and the pressure on the
side of the vertical rudder placed behind the center of the machine
may act as the other. In the present construction, the inertia of the
machine is supplemented by active forces produced by wind
pressure on additional vertical surfaces consisting of an adjustable
rudder in front of the center of the machine and a fixed surface
preferably situated between said rudders.”.
In a similar manner as in the case of the rear rudder 20, the front
rudder 24 is “pivotally mounted in arms 25 extending forwardly of
the machine. This rudder is also provided near its lower end with a
pulley 26, about which extends a cable, preferably the same cable
23 which extends about the pulley 22 of the rear rudder, the cable
being crossed in order to turn the rudders in opposite directions. A
fixed vertical vane 27 is preferably mounted between the arms 25
which support the forward rudder 24 and coöperates with the
adjustable rudders, and, in case one of said adjustable rudders is
more powerful than the other, the fixed surface, by its resistance to
lateral movement, assists the weaker rudder in forming a turning
couple, and, if one rudder is disabled or lost, it maintains with the
remaining rudder a turning couple in the same direction as before.
And a further function of this fixed vertical surface in its relation to
the supporting plane is that of producing an acceleration of speed
of the lower wing when, because of being tipped out of lateral
balance, it tends to slide sidewise in the direction of the lower side.
In aeroplanes, lateral sliding takes place or starts to do so when the
supporting plane is out of lateral balance. This fixed surface being
forward of the plane and being resisted by air pressure on the
lower side, when lateral sliding starts or takes place, causes the
depressed side of the plane to move forward relatively faster than
the high side. This gives the greater angle at such depressed side
increased lifting effect to restore lateral balance.”.
As a remark, that mechanism with a cradle shifted by the body of
the pilot and which, through a system of pulleys and cables, twisted
the wings and, at the same time, deflected the rear vertical rudder, is
no longer present. It was replaced by a system with two handles.
With one of them the pilot controlled the twist of the wings and the
other served for turning synchronously the front and rear movable
vertical rudders. Therefore, this time, the operator was able to
independently control the ailerons and the vertical rudders.
The flying machine with two lateral vanes – March 30, 1908

On the same day, March 30, 1908, another French patent (No.
384.125), of the two brothers, was published. Like No. 384.124, it
has a better explained American pair (No. 987,662), filed on
February 17, 1908, and granted more than three years later, on
March 21, 1911. There also exists an Austrian version (No. 36566,

issued on March 10, 1909) and a British one (No. 24,077, A.D.
1908, accepted on February 18, 1909) containing the same
drawings as No. 384.125. The remarks in the current chapter refer
to the US patent:
1908-02-17 – 1911-03-21, Orville and Wilbur Wright, “US Patent No.
987,662 – Flying-Machine”, Filed: February 17, 1908, Patented: March 21,
1911, 5 pages.

Again, the two Daytonians regarded the system described in the
above quoted document as an improvement upon the method by
which they controlled the roll stability of a glider in the US patent
granted to them on May 22, 1906.
This time the Wrights conceived two identical adjustable vertical
surfaces positioned close to the tips of the main wings. If deflected
in the right manner from their neutral position, these vanes were
able to compensate the uneven drag introduced when the wings
were warped at different angles relative to their undeformed plane
and so the adverse yaw was counteracted.

Fig. 5. Front view of a flying machine with two adjustable lateral
vanes.

Fig. 6. The lower wing as seen from a horizontal plane that passes
through the line x x of Fig. 5.
Fig. 5 and Fig. 6 show a possible implementation of the invention.
Each “resistance device consists of a vane 15, secured at one edge
to a shaft or rod 16, which is journaled at its opposite ends in the
respective frames of the upper and lower aeroplanes. The shaft is
provided, preferably beneath the bottom of the vane 15, with a
drum or pulley 17, to which is secured one end of a cable 18 which
extends to the opposite side of the machine and has its opposite end
secured to the corresponding drum 17 of the corresponding vane 15.
At a point intermediate the drums 17 the cable 18 is provided with
suitable means for actuating the same to adjust the vanes 15. This
actuating mechanism preferably consists of a drum 19, mounted
upon the shaft 8 and provided with a suitable handle 20 and with a
suitable friction clamp 21, the drum and clamp being preferably
similar to the drum 7 and clamp 11. The handle 20 preferably
extends parallel and in close proximity to the handle 10 and lies in
such relation thereto that both of said handles can be grasped in
one hand and both the drums 7 and 19 operated simultaneously.
When the handle 20 is moved in one direction, tension is exerted
upon one side of the cord 18 and the other side thereof becomes
slack, thus moving one of the vanes 15 into the desired position at
an angle to the line of travel of the machine and allowing the other
vane 15 to return to its normal position, that is, parallel with the
line of travel of the machine. The friction clamp 21 serves to retain
the vane in its adjusted position until the drum 19 has been
positively moved to readjust the same or to allow it to return to its
normal position”.
As a further explanation, the wings are twisted with the help of
cable 4. Its central part passes about the drum 7 provided with the
handle 10 acted by one hand of the pilot. The mechanism involving

the moving cradle, driven by the body of the operator and present in
the May 22, 1906, American patent and its foreign versions,
disappeared, like in the case of its pair patent discussed in the
previous chapter.
The US patent no. 1,075,533 – Automatic pitch and roll stabilizer –
filed on February 10, 1908

On February 10, 1908, the Wright brothers filed in US an
application that described in detail two mechanisms. One was for
stabilizing a glider or plane in roll, the other in pitch. The patent
was granted on October 14, 1913, more than five years and a half
later. Similar requests, containing the same drawings, were filed in
Great Britain (No. 2913, A.D. 1909; accepted on September 9, 1909)
and France (No. 401.905; published on September 21, 1909). The
comments in the current chapter refer to the US version:
1908-02-10 – 1913-10-14, Orville and Wilbur Wright, “US Patent No.
1,075,533 – Flying-Machine”, Filed: February 10, 1908, Patented: October
14, 1913, 14 pages.

This work can be seen as an attempt of the inventors to make
their flying apparatuses more easily controllable. They imagined
two automatic stabilizers, aimed at keeping their machines balanced
in roll and pitch, which would have much simplified the work of the
pilot who otherwise would have been obliged to continuously adjust
by hand the degree of twist of the main wings, the position of the
vertical rear rudder and that of the front elevator.
The automatic roll stabilizer

Unfortunately, the Wright’s automatic roll stabilizer is
fundamentally flawed and cannot function. The principle the two
brothers had in mind is just a common misunderstanding of the law
of physics that can happen to many people. It is true, if the pivot of
a pendulum is at rest or moves at constant speed, as a vector, then
after some oscillations the bob will end up by hanging vertically.
However, this is not the case when the suspension point has an
accelerated movement which was exactly the situation described by
the Wrights in their patent where the arm could swing about a pivot
rigidly mounted in the frame of the machine whose points had, in
general, accelerations different from zero. The belief that a
pendulum tends to always align to the vertical of the place is just a
misconception generated by the fact that most pendulums, with
which people comes in contact, have their suspension point at rest.

Fig. 7. Automatic mechanism, driven by a pendulum, which,
according to the Wright brothers, was able to provide roll
stabilization to a heavier than air flying machine.
In Fig. 7, 1 and 2 are the upper and lower wing, respectively, of
the Wright biplane, 3 are uprights, 10 the rear vertical rudder and
82 a three-way valve, actuated by a pendulum, that controls the
passage of air from a tank, through the pipe 81, to a cylinder inside
which a piston moves and rotates with a certain angle a pulley that,

through a system of cables and other pulleys, twists the wings and
adjust the position of the vertical rudder. The mechanism is
relatively complex and can be understood in detail by reading the
entire US patent no. 1,075,533 or its other versions.
This is the description, mostly in the brother’s own words, of the
pendulum based mechanism they believed it could assure automatic
lateral balance for aeroplane type apparatuses: “The arm 83 of the
valve 82 is connected by means of a link 84 with one arm 85 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
length than the arm 85 and extending downwardly to a point near
the lower aeroplane, where it is provided with a suitable weight 88,
thus forming a pendulum. Suitable stops 90 may be provided to
regulate the motion of the pendulum. Under normal conditions the
pendulum 87 is at substantially right angles to the aeroplanes and
maintains the valve 82 in its closed position”, a case in which the
piston in the cylinder does not move. Should “one end of the
machine rise to a higher level than the opposite end, as shown in”
Fig. 7, “the pendulum 87 will swing toward the lower end of the
machine, thus operating the valve 82 to admit pressure at one end
of the piston and move the same longitudinally of the cylinder”. The
piston, through the complex mechanism already mentioned, will
adjust “the opposite lateral portions of the aeroplanes and the
vertical rudder 10 to such a position as to counteract the influence
which is causing the aeroplanes to tilt and in that manner regulate
the disturbances of balance about a vertical axis. The first swing of
the pendulum is such as to carry the rudder and aeroplanes beyond
the neutral point, and, consequently, 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 machine maintains its lateral balance. If it is desired to
drive the machine in a circle”, the pilot has means, also described
thoroughly in the patent, to “set the vertical rudder at an angle to
its normal position, and, with the parts thus reset, the automaticcontrolling mechanism will operate then in exactly the same
manner as when the machine is being driven forward in a straight
line”.
Regarding the last lines, in the citation above, which explain how
the flying machine changes its direction of travel in the horizontal
plane, it is evident that the Wrights did not have in mind using
turning by banking. What they thought of was the situation shown
in Fig. 8. Once set manually at a certain angle to the right,
independently of the degree of twist of the wings, the vertical
rudder is recoupled to the automatic stabilization mechanism
(driven by a pendulum) which controls both the angle of the rudder,
relative to its new position, and the degree of warp relative to the
planes of the undeformed wings.

Fig. 8. Plane/glider taking a turn without banking (simplified
model).
The automatic pitch stabilizer

In the case of the automatic roll stabilizer, the key element, that,
in the opinion of the Wrights, would have detected the undesired
rotation of the flying machine about its longitudinal axis and would

have corrected it by driving a complex mechanism, was a pendulum.
This time, in the situation of the pitch stabilizer, the governor is the
winglet 50 (see Fig. 9) which remains in equilibrium (it does not
move in relation to the glider or airplane) only if the relative wind
does not have components that strike this vane from below or above.
If this condition is not met, the winglet moves up or down acting
upon a force amplifier device that rotates the front rudder in such a
way as to align the vane 50 again to the direction of the relative
wind.

Fig. 9. Automatic mechanism for stabilizing an aeroplane type
machine in pitch.
In their patent, the two brothers start by explaining the reasons
behind their automatic pitch stabilizer. They say that a “flying
machine is in equilibrium only when the center of the lifting
pressure is in the same vertical line as the center of gravity. But the
location of the center of pressure is dependent upon the angle of
inclination of the aeroplane to the wind, and varies with each
change in the angle of inclination. On the other hand every change
in the location of the center of pressure disturbs the balance of the
machine and tilts the aeroplanes to a different angle. Thus effects
become causes in turn. The trouble grows very rapidly, and, unless
promptly corrected, results in a complete overturning of the whole
machine”. The two inventors “aim to control the trouble”, using an
automatic mechanism, “by detecting the changes in the angle of
incidence at the moment they occur, and, by introducing
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”.
The Wrights’ preferred form of automatic controlling mechanism, as
presented in the patent, “consists of a small horizontal plane 50,
mounted upon the frame of the machine at a small negative angle with
reference to the main aeroplanes, in such a manner as to permit the
same to have a limited vertical movement, and so connected to the arm
49 of the valve member 45 as to actuate the valve as the regulating
plane moves up or down. But in order to cause the machine to rise or
descend or to maintain an approximately horizontal course, it is
necessary to change the angle between the regulating plane and the
main aeroplane. Means of adjustment of some kind, which will permit
the angle between the small regulating plane and the main aeroplanes
to be varied at the will of the operator while the machine is in flight, is
therefore desirable.”. The two brothers preferred to mount this plane in
the manner shown in Fig. 9, “which consists in providing one or more
arms 51, which are rigidly mounted on a shaft 52 pivotally connected to
the frame of the machine and which extend downwardly substantially
parallel with the upright members 3. Pivotally connected to each of the
arms 51 are links 53, which are approximately parallel and extend
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 provided with two links 53, spaced a slight distance one

above the other, and pivotally connected at their outer ends by a
connecting member 54, and the vane 50 is rigidly mounted between the
connecting members 54. The two upper links 53 are rigidly mounted on
a shaft 53' ”. “A suitable counterbalance is provided for the vane 50
and the supporting frame and this counterbalance is preferably
provided by extending one or more of the links 53 rearwardly beyond
the arm 51 and providing the same with suitable weights 55. The frame
supporting the vane 50 is connected to the arm 49 of the valve 42 in any
suitable manner”. As shown in Fig. 9, “one of the upper links 53 of this
frame is connected to the arm 49 by means of a pivoted connecting bar
or link 56. Suitable means are also provided for adjusting the frame
and the vane 50 carried thereby relatively to the aeroplanes and for
securing the same in adjusted position. The pivotal 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” shown in Fig. 9, “this
locking mechanism is provided by extending one of the arms 51
downwardly to form a handle 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 engagement between the handle and the
gripping device being such as to secure the arms 51 and the vane 50 in
their adjusted position and prevent” their accidental displacement. “If
desired, suitable stops may be provided for limiting the movement of the
links 53 and the vane 50.”. As shown in Fig. 9, “these stops consist of
lugs 61 extending outwardly on opposite sides of one of the members 53
and provided with suitable adjustable 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 aeroplanes 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” rotating the arm 49 so that a mechanism (similar
to the one aimed at maintaining the lateral balance), driven by the valve,
adjusts “the rudder 16 to such a position as to cause the forward end of
the machine to move downwardly, thus decreasing the angle of
incidence of the aeroplanes and also of the vane 50 and causing the air
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” it
downwardly, as shown in dotted lines in Fig. 9, and turns the arm 49
toward the lower main wing, an action that determines the mechanism
driven by the valve “to move the rudder 16 in the opposite direction,
thus again moving the aeroplanes to an increased angle of incidence.
These operations are repeated successively until the movement of the
vane 50 has been gradually reduced and the vane 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 turbulent winds,
will be slight. The particular angle of incidence of the air currents to
the aeroplane at which the pressure changes from one side of the vane
to the other” the Wrights “have denominated the critical angle of
incidence. 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 mechanism”.

The brothers also show, in the patent, a second version of their
pretended automatic pitch stabilizer (Fig. 10) which is quite close to
a modern Angle of Attack (AoA) vane and is able to align itself to
the local airflow. This vane can just measure the angle of attack (or
incidence in the terminology of the two inventors) of the main
wings. However, in steady state regime, the vane will have the
same position relative to the wings in different situations, when the
plane dives, climbs or flies horizontally, and so it does not provide
enough information for maintaining the initial course of the
aeroplane if an event, a perturbation, changes the direction in which
the apparatus flies while the same angle of attack is maintained.

Fig. 10. Modified form of the controlling vane and arrangement for
varying the angle of incidence.
This is the description of the modified pitch stabilizer as given by
the Wrights: Fig. 10 shows 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 arms 153 are
connected with the valve arm 49 by means of a link or connecting
rod 156 pivoted to the arms 153 at a point between their pivotal
centers and their inner ends. The vane 150 is actuated 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 position, and causes the aeroplane to be automatically
maintained at a definite angle of incidence. If the arm 51 is
adjusted to a new position by 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 3. But
the valve member 45 will be rotated away from the neutral position,
and the aeroplane will not be automatically maintained at the
original angle of incidence, but brought to and maintained at a new
one. Means are thus provided for varying the angle of incidence at
which the aeroplane will be automatically maintained, without
interrupting the operation of the automatic mechanism.”.
Why a pendulum cannot stabilize a plane in roll

Fig. 11. Pendulum with a moving pivot.
We will consider the simplified case when the plane moves at
constant speed with its longitudinal axis parallel to the ground.
Inside the plane, there exists the pendulum in Fig. 11 composed of a
pivot P, a rigid link of length 𝐿 having a negligible mass and a bob
B of mass 𝑚. As the airplane rolls to the left or to the right, P
rotates about the longitudinal axis of the flying machine in a plane
perpendicular to this axis and B will also move in the same plane.
The equation of motion of B, when P moves and no friction exists,
is ( 3 ).
(3)
𝐿𝜃̈ + 𝑥̈ cos 𝜃 + (𝑦̈ + 𝑔) sin 𝜃 = 0,
where, 𝜃 = 𝜃(𝑡) is the angle between the link and the vertical,
𝑥 = 𝑥(𝑡) = 𝑅 cos 𝜑(𝑡) , 𝑦 = 𝑦(𝑡) = 𝑅 sin 𝜑(𝑡) . 𝑅 is the
distance between P and the longitudinal axis of the airplane, and

𝜑(𝑡) = 𝜔𝑡, assuming that the apparatus rolls at constant angular
velocity 𝜔.
The equation ( 3 ) can be solved numerically for a variety of
triplets (𝑅, 𝐿, 𝜔) and various initial conditions like 𝜑(0) = 0
(there is no initial roll) and 𝜃(0) = 0 (the pendulum is aligned to
the vertical). As 𝜑(𝑡) varies linearly with 𝑡, 𝜃(𝑡) (the orientation of
the pendulum) changes chaotically and it will not tend to swing
back and forth about the vertical. If friction is taken into account, a
thing that complicates equation ( 3 ), the orientation of the link will
also change chaotically with no tendency of alignment to the
vertical of the place, as in the case of a pendulum with a fix pivot
and friction. In consequence, the pendulum cannot be used as a
reference based on which the airplane can be stabilized in roll.
The equation ( 3 ) can be demonstrated by writing the coordinates
𝑥𝐵 , 𝑦𝐵 of the bob as functions of those of pivot P and of angle 𝜃:
(4)
𝑥𝐵 = 𝑥 + 𝐿 sin 𝜃, 𝑦𝐵 = 𝑦 − 𝐿 cos 𝜃.
Therefore, the components of the acceleration of B, along the 𝑥 and
𝑦 axes, are:
𝑎𝑥𝐵 = (𝑥 + 𝐿 sin 𝜃)′′ , 𝑎𝑦𝐵 = (𝑦 − 𝐿 cos 𝜃)′′ .
(5)
The components of the resultant force acting on B along the same
axes are:
𝐹𝑥𝐵 = −𝑇 sin 𝜃, 𝐹𝑦𝐵 = 𝑇 cos 𝜃 − 𝑚𝑔.
(6)
The second law of dynamics says that:
𝐹𝑥𝐵 = 𝑚𝑎𝑥𝐵 , 𝐹𝑦𝐵 = 𝑚𝑎𝑦𝐵 .
(7)
In consequence:
−𝑇 sin 𝜃 = 𝑚(𝑥 + 𝐿 sin 𝜃)′′
(8)
{
.
𝑇 cos 𝜃 − 𝑚𝑔 = 𝑚(𝑦 − 𝐿 cos 𝜃)′′
After the elimination of the tension 𝑇 in the link, the system ( 8 )
leads to the equation ( 3 ). The known equation of a pendulum with
a static pivot and no friction, 𝐿𝜃̈ + 𝑔 sin 𝜃 = 0, is just a particular
case of ( 3 ) when 𝑥̈ and 𝑦̈ are both zero. However, this is not the
case inside an airplane where the pivot is in an accelerated motion.
Why the vanes of the Wrights cannot stabilize a plane in pitch

As already explained, the patent presents two mechanisms about
witch the brothers appeared to be convinced they were able to
stabilize a plane or glider in pitch.
The first one, shown in Fig. 9, is seriously flawed because there
will always be an appreciable drag acting on the vane and the
system of links on which it is mounted, even if the air flows parallel
to the faces of the vane. Assuming the plane flies horizontally at
constant speed and there exists an extremely small initial angle,
positive or negative, between the direction of the link 53 and that of
the air current, the vane will start immediately to rotate toward the
upper or lower wing, depending on the sign of the angle. The front
rudder will move, driven by the vane, and so the plane or glider will
be destabilized. Only if the drag of the weight and the link, that
connects it to the pivot, is much greater than that of the vane and
the rest of the links, just then the mechanism will stay close to its
neutral position and so the front rudder will not rotate.
The demonstration will be given using the simplified model in
Fig. 12 for the case when the plane flies horizontally at a constant
speed 𝑉. All links will be taken as having negligible weight and
drag.

Fig. 12. The first Angle of Attack vane is in unstable equilibrium
even in the case when it is aligned to the airflow.

The condition of no rotation about the pivot P D is met when the sum
of all torques, generated by the weights and drags of the sphere B
and the vane, is zero. Mathematically this restriction has the form:
𝐷𝑉
𝑏 · 𝐷𝐵 sin 𝛽 − 𝑎 ·
sin 𝛽 − 𝑏 · 𝑚𝐵 𝑔 cos 𝛽 + 𝑎
2
(9)
· 𝑚𝑉 𝑔 cos 𝛽 = 0,
𝐷𝐵 = 𝑘𝐵 · 𝑉 2 , 𝐷𝑉 = 𝑘𝑉 · 𝑉 2 ,
where 𝑚𝐵 is the mass of B, 𝑚𝑉 that of the vane, 𝑏 = 𝐵𝑃𝐷 , 𝑎 = 𝐹𝑃𝐷 ,
𝛽 the angle between BF and the horizontal, 𝑉 the speed of the plane,
and 𝐷𝐵 , 𝑘𝐵 ; 𝐷𝑉 , 𝑘𝑉 the drag and drag coefficient of B and the vane,
respectively.
The relations ( 9 ) can be rewritten as:
𝑘𝑉
( 10 )
(𝑏 · 𝑘𝐵 − 𝑎 · ) 𝑉 2 sin 𝛽 = (𝑏 · 𝑚𝐵 − 𝑎 · 𝑚𝑉 )𝑔 cos 𝛽,
2
Therefore, the system in Fig. 12 is in equilibrium, for any speed 𝑉,
including for 𝑉 = 0, when:
𝑘𝑉
𝑏 𝑚𝑉
( 11 )
= =
,
2𝑘𝐵 𝑎 𝑚𝐵
If 𝛽 has a small initial value, positive of negative, and the condition
( 11 ) is not met, the vane will start to rotate about PD, driving the
𝑏
𝑚
front elevator of the plane and destabilizing it. While = 𝑉 is a
𝑎

condition technically feasible,

𝑘𝑉
2𝑘𝐵

=

𝑏
𝑎

the parallel and perpendicular aerodynamic total forces that act on
the vane.)
The differential equation describing the dynamic of this vane
when its pivot P has a known trajectory is complicated and will not
be given here. The equation can be numerically solved and its
solution shows that, when the plane flies at a constant speed V (as a
vector) the vane, after a transition time, aligns along the incoming
flow of air, like in Fig. 14, no matter of its initial orientation in
space. However, it has to be noted that this vane starts aligning to
the direction of the incoming flow immediately after the moment
when the speed of the flying machine begins to modify. The AoA
vane does not have memory like a gyroscope which can be used as
a reference for a given direction.
For the situation in Fig. 15 when, due to a perturbation, the plane
changes its course, the only angle that can be measured is that
between the direction of the vane and the longitudinal axis of the
plane. This angle is 𝜃(𝑡) − 𝜑(𝑡) and does not contain information
about 𝜃(𝑡). Therefore, there is no way of knowing the initial pitch
in order to do something to realign the plane to its initial, desired
direction of flight.

𝑚𝐵

is not because 𝑘𝑉 = 𝑘𝑉 (𝑉)

and 𝑘𝐵 = 𝑘𝐵 (𝑉) in general and also, even for a known speed 𝑉,
their values cannot be measured with precision.
In conclusion, even the simplified pitch controlling mechanism in
Fig. 12 is unstable and a flight like the one shown schematically in
Fig. 13 is not possible.

Fig. 13. The vane will go toward the upper or lower wing
destabilizing the initially stable plane.
The second form of the pitch stabilizer, described in the US
patent no. 1,075,533, works but only as an angle of attack vane. Fig.
14 shows a simplified form of this vane. It is also assumed that all
vectors figured in the diagram have components only in the vertical
plane.

Fig. 14. The vane aligns to the new direction of flight after a
transition time. (V is the vane, 𝑽𝑷 the speed of the pivot, 𝑽‖ and 𝑽┴

Fig. 15. Case A: The plane flies horizontally and the vane is aligned
to its longitudinal axis XX'. Case B: The plane has changed its
direction of flight relative to Case A but the vane has not had
enough time to align to the new direction.

As a conclusion, the second form of the vane imagined by the
two brothers cannot be used to stabilize a plane or glider in
pitch. It is only useful for measuring the angle of attack of the
main wings for various pitch angles. Fig. 16 shows that, in the
steady state regime, the vane will have the same position
relative to the airplane when the apparatus flies horizontally or
dives.

Fig. 16. (1) Plane flying horizontally, (2) descending. In both cases,
the vane has the same position relative to the wings.

The automatic roll and pitch stabilizer as a whole

From the text of the patent, it appears the two brothers were
convinced they had really discovered a mechanism by which an
aeroplane can be automatically stabilized in roll and pitch, as long
as they wrote: “it will be apparent that we have provided automatic
means, whereby the fore and aft balance of the machine may be
maintained at a determined angle of incidence, and means whereby
the angle of incidence at which the machine 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 machine, 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 vertical 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”.
In reality, the patent was useless and in consequence latter articles,
like “Wright Stabilizer Greatly Refined” (The Washington Times,
January 5, 1914, col. 6, p. 5), in which Orville pretended the
stabilizer had worked, have no credibility. The newspaper quotes
the younger brother as saying:
“We have invented an automatic stability device which will revolutionize
flight. It is more accurate than any aviator can be, and will make flying foolproof, or as nearly fool-proof as anything can be. I have flown many miles
with it, and have never touched the controls. We are now simplifying it, and
expect to be able to bring it to the point where it may be put in general use
by early spring. We hope to see the day when it will be just as safe to board
an aeroplane and take a long trip as it is to make a journey behind a
locomotive. The stability device will go a long way toward making this
dream a reality. Our device insures lateral as well as fore and aft stability. It
depends partly on electricity.”

The US patent no. 908,929 – “Mechanism for Flexing the Rudder
of a Flying Machine” – January 5, 1909

The last application filed by the Wrights before August 8, 1908,
was the US patent no. 908,929. It was granted on January 5, 1909,
and has a British form (No. 16,068, A.D. 1909; accepted on August
5, 1909) and also a French one (No. 404.866; published on
December 14, 1909). The explanations that follow refer to the US
version:
1908-07-15 – 1909-01-05, Orville and Wilbur Wright, “US Patent No.
908,929 – Mechanism for Flexing the Rudder of a Flying Machine or the
Like”, Filed: July 15, 1908, Patented: January 5, 1909, 5 pages.

From the start, the two brothers explain what their invention
consists of and what its purpose is: “This invention relates to
mechanism for actuating the rudders or controlling planes of
aeronautical machines, and is in the nature of an improvement
upon the mechanism shown and described in the patent granted to”
the Wrights “May 22, 1906, No. 821,393. The object of this
invention is to provide a mechanism whereby both the front and
rear edges of a flexible rudder will be positively actuated at
different angular velocities to adjust the rudder to the desired angle
relative to its normal position, and to simultaneously flex the rudder
in such a manner as to present the rear portion thereof to the action
of the wind at a greater angle than the forward portion, thereby
greatly increasing the effectiveness of the rudder”.

As a remark, the US patent no. 1,075,533, granted to the Wrights
on October 14, 1913, does not talk about electricity. However, an
extensive article in the Sci. Am. comes with this clarification:
“During a recent visit of Mr. Orville Wright to New York, it developed that
the actual stabilizer used exhibits essential differences from the patented
device, although it may be said to work by the same principle. It was
revealed that electrical contacts play a part in transmitting impulses” (Carl
Dienstbach, “The Wright Automatic Stabilizer for Aeroplanes - Merits and
Faults of the Patented Device; How the Actual Stabilizer Differs From That
of the Patent”, Scientific American, January 3, 1914, Vol. CX, No. 1, p. 17
and 36-37 (p. 37)).

In other words, also some changes were made, the use of electricity
being one of them, the Wright automatic stabilizer, allegedly
employed successfully in flight, worked on the same principles
described in the patent.

The January 5, 1914, newspaper article ends by informing the
readers that on December 31, 1913, Orville proved, in front of a
committee of the Aero Club of America, that the Wright
stabilizer really worked. The aviator made seven circuits
without controlling the plane by hand:
“on the last day of December, 1913, … Mr. Wright, before a committee of
the Aero Club of America, at Simms Station, near Dayton, demonstrated the
reliability of the stabilizer. So complete were the tests that the committee at
once awarded him the Collier trophy, which goes each year to the person
making the greatest advance in aeronautics.
In the course of the demonstration, Wright made several complete circuits
of the aviation grounds with his hands entirely removed from the controlling
device.”

Just because Orville did not use his hands, it does not mean
the plane was automatically stabilized. He could have controlled
the apparatus by moving his seat or with his legs. In fact, the
entire article seems more of an advertisement for a $7,000 aeroboat (mentioned in the text) produced by the Wright plant.

Fig. 17. Flexible horizontal rudder.
“For purposes of illustration” (see Fig. 17), the Wrights have
represented, in their patent, “the flexible rudder 1 as a horizontal
rudder mounted on suitable supports 4 carried by some part of the
machine to which the rudder is attached”. “Thus, it will be apparent
that by the actuation of the drum 11 on the machine the shaft 6 and
the levers 5 carried thereby will be moved about their pivotal center
and that this movement of the levers will positively move the front
and rear edges of the rudder in opposite directions to tilt the same
at the desired angle to their normal or horizontal position, and that,
owing to the different ratio between the arms of the lever and the
arms of the rudder and to the eccentric arrangement of the pivotal
centers of the levers relative to the pivotal center of the rudder, the
opposite edges of the rudder will be moved at different angular
velocities with reference to their pivotal center, thus flexing the
rudder in such a manner as to present a concave surface to the
action of the wind, the forward portion of the rudder having a small
angle of incidence, which angle of incidence rapidly increases
toward the rear, thus greatly increasing the efficiency of the rudder.”
Fig. 17 also shows a mechanism consisting of a drum 9, mounted
on the shaft 6, about which extends an endless cable 10 which also
extends about a drum 11 rotatably mounted on the aeroplane and
provided with a handle 12 for rotating it. The shaft 6 is journaled
in forwardly extending bearing brackets 7 secured to the upright
members 4. The links 8, which have a certain amount of flexibility,
are connecting rods between the adjacent edges of the two rudders.

Conclusions

The conclusions will be given as relatively short answers to a set
of questions related to the patents of the two Daytonians filed, in at
least one country, before August 8, 1908, when the first witnesses,
beyond any doubt, saw a Wright machine on the ground and also
flying. Just as a note, only Orville, and after 1920, filed other
patents different from those studied in the present book.
Question: Did Wilbur and Orville invent or patent the three-axis
control system, which is still used on airplanes today?
Answer: The short answer is no. None of their patents explicitly
claims methods or mechanisms able to rotate a flying machine
about each of its three axes: longitudinal, lateral and vertical. The
claims are related only to the stabilization of a plane or glider in roll
and pitch. They do not explicitly cover the steering of the machine.
Question: Did the Wright brothers discover the method of taking
turns by banking the airplane?
Answer: They do not claim, in any of their patents, steering by
leaning the plane to one side also the two were aware of this
method before starting their experiments at Kitty Hawk, as long as
Wilbur, in 1901, wrote the following lines:
“The lateral equilibrium and the steering to right or left was to be attained
by a peculiar torsion of the main surfaces, which was equivalent to
presenting one end of the wings at a greater angle than the other. … With
these plans we proceeded in the summer of 1900 to Kitty Hawk, North
Carolina” (Wilbur Wright, “Some Aeronautical Experiments”, Journal of
the Western Society of Engineers, Chicago, December 1901, Vol. VI, No. 6,
pp. 489-510 (p. 495))

However, the patents of the Wrights do not reveal, even in a remote
way, they understood the physics behind turning by banking.
Question: Did the Wright brothers discover the adverse yaw?
Answer: Whether they were the first to notice this phenomenon is
not clear but they experienced it and proposed in their patents
methods for counteracting it. In “Experiments and Observations in
Soaring Flight” (Journal of the Western Society of Engineers,
August 1903, Vol. VIII, No. 4, pp. 400-417) at page 405, Wilbur
detailed a test done with the 1902 glider, whose wings had been
given anhedral shape, saying that Orville “started on a flight with
one wing slightly higher than the other. This caused the machine to
veer to the left”. The younger brother “waited a moment to see
whether” the machine “would right itself, but finding that it did not,
then decided to apply the control [warp the wings]. At the very
instant he did this, however, the right wing most unexpectedly
raised much worse than before”. This statement seems to describe
the negative effect of the adverse yaw generated when the wings of
the flying apparatus were twisted with the purpose of righting it.
Question: What exactly does each of the Wrights’ patents claim as
invented?
Answer:
- The US patent no. 821,393, granted on May 22, 1906, and its foreign
versions, claim: (1) the method of wing warping, in particular, and the
ailerons, in general, for stabilizing an aeroplane type machine in roll, (2)
a movable vertical tail aimed at counteracting the adverse yaw
generated by twisting the main wings, (3) a flexible front elevator for
maintaining the pitch stability of the same machine, (4) various
constructive details.
- The French patent no. 384.124, published on March 30, 1908, and its
foreign versions, claim two more vertical rudders, placed in front of the
main wings, one fixed and the other mobile. They were aimed at better
counteracting the adverse yaw.
- The French patent no. 384.125, published on March 30, 1908, and its
foreign versions, claim two additional vertical rudders, placed close to

the tips of the main wings. Their purpose was also for eliminating the
adverse yaw.
- The US Patent no. 1,075,533, granted on October 14, 1913, and its
foreign versions, claim automatic stabilization mechanisms: in roll,
driven by a pendulum, and in pitch, governed by wind vanes (two
models are proposed). None of these stabilization devices can work
because the so called principles of physics they rely on are just
misconceptions.
- The US patent no. 908,929 - “Mechanism for Flexing the Rudder of a
Flying Machine or the Like”, granted on January 5, 1909, and its
foreign versions, claim systems aimed at flexing the rudders of an
aeroplane type machine for the purpose of modifying their lift.

Question: Do the patents of the two Daytonians show drawings of
powered planes?
Answer: No. All patents just briefly mention that the invention
could also be applied to powered machines, without elaborating.
The drawings that accompany them show only gliders.
Question: Can the patents of the Wrights make them in any way
the inventors of the first practical (or impractical) man carrying
airplane?
Answer: Definitely not, as long as neither descriptions nor
drawings of powered flying apparatuses are present in their patents.
Question: Did the Wright brothers invent an automatic pitch and
roll stabilizer for heavier than air flying machines?
Answer: Categorically not. They just believed so. Both their roll
stabilizer, driven by a pendulum, and pitch stabilizer, based on
angle of attack vanes, are fundamentally flawed and cannot work.
The rod of a pendulum having its pivot mounted somewhere inside
a plane, so in a continuously accelerated movement, does not tend
to align to the vertical as it does inside a house, for example. Also,
an angle of attack vane cannot be used as a reference for the
horizontal plane. It can just be employed for measuring the angle
between the speed of the incoming air and the cord of the main
wings of an airplane or glider.
Question: Did the Wrights invent the ailerons?
Answer: No. An early description of ailerons had already appeared
in a British patent (No. 392, A.D. 1868) filed on August 5, 1868, by
the inventor Matthew Piers Watt Boulton.
Question: Is there serious evidence the Wrights really used their
wing warping on at least one of the airplane they flew in front of
reliable witnesses, starting with August 8, 1908?
Answer: Yes, there is. As early as August 9, 1908, the French
newspaper L’Auto published an article authored by the journalist
François Peyrey who, the previous day, had seen Wilbur flying
above the Hunaudières racecourse near Le Mans, France. His
detailed account, about the performance he had witnessed, includes
a clear reference to the twisting of the wings, as can be seen in this
excerpt:
From the stands, we could easily distinguish the precise maneuvers of the
pilot, the warping of the wings when taking turns, the various functions of
the rudders. The whole thing was stable, wonderfully. A huge cheer rose to
the airman …
The French original: “Des tribunes, nous distinguions aisément les
manœuvres précises du pilote, le gauchissement des ailes dans les virages,
les diverses fonction des gouvernails. L’ensemble était stable,
merveilleusement. Une immense acclamation monta vers l’aviateur …”
(François Peyrey, “Le premier vol, en France, du premier homme oiseau”,
L’Auto, Paris, August 9, 1908, col. 1-2, p. 5)

As an irony, Peyrey does not say the stability of the plane was due
to the twisting of the wings. The wing warping is mentioned just in
connection with taking turns. On August 8, 1908, Wilbur Wright

did not twist the wings for the purpose of stabilizing his airplane,
which is the key element in the brothers’ patents, but for taking
banked turns, a method that is nowhere mentioned in any of the
patents. As a note, Blériot had already used ailerons for taking turns
(this thing is detailed in the answer to the next question).
Question: Where the Wrights the first who publicly, in front of
reliable witnesses, demonstrated the benefits of using ailerons on
airplanes?
Answer: No. As an important example, the July 15, 1908, issue of
L’Aérophile, after saying that a Blériot VIII had flown for 8 min
and 24 sec on July 6, 1908, an outstanding performance for a
monoplane, noticed the impressive manœuvrability of the apparatus,
due, in part, to its ailerons, as can be seen from the following
excerpt:
The Blériot VIII often altered, according to what the practice required,
maneuvers with remarkable ease. The two ailerons which serve as elevators
and, if moved in opposite directions, help in making turns, seem to give
results at least as good as those promised by the Wright with their wing
twisting device; all steering, by an ingenious patented arrangement, is
controlled with a single lever. The ailerons make flight possible in turbulent
wind.
The French original: “Le Blériot VIII remanié souvent, selon les indications
de l’expérience, manœuvre avec une aisance remarquable. Les deux ailerons
qui lui servent de gouvernails de profondeur et dont l’action inverse aide au
virage, paraissent devoir donner des résultats aux moins aussi bons que ceux
promis par les Wright avec leur dispositif de torsion des ailes; tous les
mouvements de direction, par une ingénieuse disposition brevetée se
commandent au moyen d’un seul levier. Ils permettent d’évoluer dans le
vent.” (A. Nicolleau, “Les progrès de l’aéroplane monoplan. Nouveaux
succès de Louis Blériot. Les premiers virages du “Blériot VIII”. 8 m. 24 sec
de vol en monoplan.”, L’Aérophile, Paris, July 15, 1908, pp. 273-274 (p.
274))

As a further remark, the article quoted above also says that Henri
Farman flew for 20 min and 20 sec the same day, July 6, 1908. This
date corresponds to a time when he flew without ailerons.
Question: Are the ailerons indispensable for powered flight?
Answer: No. Henri Farman started to employ ailerons after August
8, 1908, when Wilbur demonstrated in flight, and in front of
members of the French Aéro-Club, his wing warping method.
L’Auto of October 29, 1908, published a small note, dated two days
before, which informed the readers that Farman had just added
ailerons to his apparatus:
Châlons, October 27. — Farman, working in silence, is actively developing
his aircraft, and, free to move around, makes small flights, which allow him
to carefully note the changes that should be made to his airplane. This is
how, to increase its stability, he added small ailerons, which he is very
satisfied with.
The French original: Châlons, 27 octobre. — Farman, travaillant dans le
silence, procède activement à la mise au point de son appareil, et, libre de
ses mouvements, effectue de petits vols, qui lui permettent de noter
soigneusement les modifications qu’il convient d’apporter à son aéroplane.
C’est ainsi qu’il a, pour augmenter sa stabilité, ajouté de petits ailerons, dont
il se montre très satisfait. (“Au camp de Châlons”, L’Auto, Paris, October
29, 1908, col. 5, p. 3)

Question: What is the Wrights’ most important patent and why?
Answer: The US patent no. 821,393, granted on May 22, 1906, and
its foreign versions, because it is based on practical experiments
with gliders and also contains the wing twisting method that really
worked for controlling the roll of powered (or unpowered) flying
machines, a fact proved by the two brothers starting with August 8,
1908.
Question: Are the Wright brothers important aviation pioneers?

Answer: Yes, but less important than the other people who
built/piloted airplanes that flew or at least took off using their own
onboard means, in front of reliable witnesses, before August 8,
1908.
Here is a short list with the first four experimenters and pilots
who demonstrated their heavier-than-air man carrying machines
were able to leave the ground:
- Santos Dumont – September 13, 1906, 8:40 AM; Bagatelle, France: 4-7
meters at a height of 50-70 cm and a speed of 30-35 km/h. (Aérophile, “Les
grandes journées de l’aviation. L’essor de Santos-Dumont. Pour la première
fois, un aéroplane à moteur monté prend son vol librement.”, L’Auto, Paris,
September 14, 1906, col. 5-6, p. 1)
- Traian Vuia – October 7, 1906; Issy-les-Moulineaux, France: 4 meters in
2/5 sec at a height of 15 cm. (Aérophile, “Une belle expérience d’aviation.
Hier matin à Issy-les-Moulineaux, l’Aéroplane automobile de M. Vuia a
réussi à s’enlever par les seuls moyens du bord en expériences publiques et
contrôlées.”, L’Auto, Paris, October 8, 1906, col. 3-4, p. 5)
- Charles Voisin – March 16, 1907, 3:04 PM; Bagatelle: 10 meters. (“Une
belle expérience d’aviation. L’Aeroplane Delagrange s’est enlevé hier à
Bagatelle.”, L’Auto, Paris, March 17, 1907, col. 6, p. 5 and col. 1, p. 7)
- Louise Blériot – April 5, 1907, 9 AM; Bagatelle: 5-6 meters at 60 cm.
(“Aeroplanes d’hier et d’aujourd’hui”, L’Auto, Paris, April 6, 1907, col. 5, p.
5)
The Wright brothers’ patents filed between March 22, 1903 and
July 15, 1908 – full text
1904-03-19 – 1904-05-12, Orville and Wilbur Wright, “GB Patent No. 6732,
A.D. 1904 – Improvements in Aeronautical Machines”, Date of Application:
19th Mar., 1904, Accepted: 12th May, 1904, 5 pages.
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COMPLETE SPECIFICATION.

Improvements in Aeronautical Machines.
We, ORVILLE WRIGHT and WILBUR WRIGHT, both of 1127 W. Third
Street, Dayton, County of Montgomery, State of Ohio, United States of
America, Manufacturers, do hereby declare the nature of our invention and
in what manner the same is to be performed, to be particularly described and
ascertained in and by the following statement: —
Our invention relates to improvements in that class of aeronautical
machines in which the weight is sustained by the reactions resulting when
thin surfaces, or wings, are moved horizontally almost edgewise through the
air at a small angle of incidence, either by the application of mechanical
power, or by the utilization of the force of gravity.
The objects of our invention are, first, to provide a structure combining
lightness, strength, convenience of construction, and the least possible edge
resistance; second, to provide means for maintaining or restoring the
equilibrium of the apparatus; and third, to provide efficient means of
guiding the machine in both vertical and horizontal directions. We obtain
these objects by the mechanism shown in the accompanying drawing, in
which Fig. 1 is a view in perspective of the machine, Fig. 2 a side elevation,
and Fig. 3 a top plan view.
The superposed horizontal surfaces 1, formed by stretching cloth upon
frames of wood and wire, constitute the “wings,” or supporting part of the
apparatus. They are connected to each other through hinge joints by the
upright standards 2 and the lateral stay wires 3, which together with the
lateral spars 4 of the wing framing, form truss systems giving the whole
machine great transverse rigidity and strength. The hinge joints admit of
both flexing and twisting movements, and may be either ball and socket
joints, or any joint of sufficiently loose construction to admit of the
movements specified. The object of joints having both flexing and twisting
movements is to permit superposed wing surfaces, or parts thereof, when
joined together by upright standards, to be twisted or bent out of their
normal planes for the purpose hereafter specified. We do not restrict

ourselves to the use of any particular form of joint, nor to its use at any
particular number of places.
One end of the rope 5 is attached near the rear corner of the upper surface,
passes diagonally downward around the pulleys 6, and diagonally upward to
the corresponding corner at the opposite end of the machine. The rope 8 is
attached to the front corner of the upper surface, passes around the pulleys 7
and back to the opposite upper corner. The movable cradle 9 is attached to
the rope 5 at the point where the operator’s body rests, and provides a means
of imparting movement to the ropes 5 and 8. The operator lies prone on the
lower surface, his hips resting in the cradle, and his hands grasping the roller
10, which actuates the front rudder. The ropes 5 and 8 maintain the fore and
aft positions of the two surfaces 1 with respect to each other, and by their
movement impart a twist to the entire structure, including the wings 1, as
will be more fully described hereafter. We have shown the operating system
by means of ropes, which we now prefer to use, but we do not restrict
ourselves to the use of any particular method of imparting this twist to a
structure formed in the manner specified.
The main frames of the wings 1 are formed by uniting the lateral spars 4
(Fig. 3) by means of end bows 11. The cloth for each wing, previous to its
attachment to the frame, is cut on the bias and made up into a single piece
approximately the size and shape of the wing, having the threads of the cloth
12 (Fig. 3) diagonal to the lateral spars 4 and the longitudinal ribs 13, with
which they form truss systems. A wide hem is sewed in the rear edge to
form a pocket for the insertion of the wire 14. By the combination of a
frame work with a cloth covering, each formed in the manner described, we
secure a surface of very great strength to withstand lateral and longitudinal
strains, but capable of some twisting movement.
When the two surfaces 1 are joined together by the wire stays 3, the ropes
5 and 8, and the upright standards 2, as already described, a system is
formed capable of sustaining great weight without distortion. But when the
cradle 9 is moved to right or left by the operator, the motion is
communicated through the ropes 5 and 8 and the upright standards 2 in such
a manner that the wing surfaces are twisted, the rear edge of the wing tips
being drawn downward at one end of the machine and drawn upward at the
other; thus presenting the left set of wing tips to the wind at a greater or a
less angle than the right. When in flight, the end having the greater angle
will necessarily rise and the other end will sink, so that the lateral balance of
the machine is under control through twisting movements of the wing tips
by the operator, by means of the cradle 9.
The struts 15, together with the struts 16 (Fig. 2) in combination with the
main frame, form trussed skids which prevent the machine from rolling over
forward when it lands, and also relieves the jerk on the rope 8. They are also
utilized as a part of the front rudder steering system.
The flexible front rudder 17 consists of the stiff cross sticks 18, 19, 20 and
the thin ribs 21, over which is stretched a cloth covering. The rudder is
mounted upon the struts 15 by attachment to the cross stick 18, which is
located near the centre of pressure, so as to form a balanced rudder. The up
and down motion of the front edge of the rudder is in part restrained by the
springs 23. The rear edge is raised and lowered by means of the axles 10,
22, the bands 24 and the arms 25 and 26, or by any other suitable means.
The restraining action of the springs 23 causes the ribs 21 to bend when the
rear edge is raised or lowered, thus presenting a concave surface to the
action of the wind, and very greatly increasing its power as compared with a
plane of equal area. By regulating the pressure on the upper and lower sides
of the rudder, through changes of angle and curvature, a turning movement
is communicated to the main structure and the course of the machine is
directed upward or downward at the will of the operator, and the
longitudinal balance maintained.
Contrary to the usual custom, we place the horizontal rudder in front of
the main surfaces or “wings” at a negative angle, and use no horizontal tail
at all. By this arrangement we obtain a forward surface which is almost free
from pressure under ordinary conditions of flight, but which, even if not
moved at all, becomes an efficient lifting surface whenever the speed of the
machine is accidentally reduced very much below the normal, and thus
largely counteracts that backward travel of the centre of pressure on the
main surfaces or wings which has frequently been productive of serious
injuries by causing the machine to turn downward and strike the ground
head on. We are aware that a forward horizontal rudder of different
construction has been used in combination with a supporting surface and a
rear horizontal rudder, but this combination was not intended to effect and
did not effect the object which we obtain by the arrangement of surfaces
here described.

The vertical tail or rudder 27 is attached through universal joints to the
two pairs of struts 28, which lie in parallel horizontal planes, and are
connected to the rear edges of the main surfaces 1 by hinged joints. This
combination secures the tail rigidly in a vertical position, but enables it to
turn on a vertical axis, and also to rise bodily in case it strikes the ground,
and thus escapes breakage. The cords 29 are tiller ropes which connect the
rudder wheel 30 to the rope 8, which in conjunction with the rope 5 imparts
the twisting motion to the wing tips as heretofore described. By this method
of attachment the same motion of the ropes 8 and 5 which actuates the wing
tips also presents to the wind that side of the vertical rear rudder which is
toward the tip having the smaller angle of incidence. The wing tip presented
to the wind at the greater angle, under the usual conditions of flight, has
both greater lift and greater drift, or resistance, than the other. The wing
with the greater angle therefore, tends to rise and drop behind, while the
other sinks and moves ahead. Under these circumstances the longitudinal
axis of the machine tends to turn toward the wing having the greater angle,
while the general course of the machine through the air tends toward that
wing which is the lowest with the result that a wide divergence soon arises
between the direction which the machine faces and its actual direction of
travel. By the use of a rear movable vertical rudder, so operated as to present
to the wind that side which is toward the wing having the least angle, we
obtain a turning force opposite to and greater than that arising from the
difference in the resistance of the two wings, and thus are able to keep the
longitudinal axis of the machine approximately in coincidence with the line
of flight. We do not confine ourselves to the particular construction and
attachment of the rear rudder hereinbefore described, nor to this particular
construction of surfaces or wings, but may employ this combination in the
use of any movable vertical rear rudder operated in conjunction with any
wings capable of being presented to the wind at respectively differing angles
at their opposite tips for the purpose of restoring the lateral balance of a
flying machine and guiding the machine to right or left.
We are aware that prior to our invention flying machines have been
constructed having superposed wrings in combination with horizontal and
vertical rudders; we therefore do not claim such combination broadly.
Having now particularly described and ascertained the nature of our said
invention and in what manner the same is to be performed, we declare that
what we claim is:
1. In a flying machine, the combination of superposed surfaces or
“wings”, with upright connecting standards one or more of which has its
attachment by means of hinges or flexible joints, substantially as described
and for the purpose specified.
2. In a flying machine, the combination of superposed surfaces or wings
with upright connecting standards attached through flexible joints, and
laterally extending stay wires, substantially as described.
3. In a flying machine, the combination of one or more supporting
surfaces or wings with a device for imparting a twist to the said surfaces or
wings for the purpose stated.
4. In a flying machine, the combination of superposed wings, upright
standards attached by flexible joints, and laterally extending stay wires, with
a device for imparting a twisting to the wings for the purpose specified.
5. In a flying machine, the combination of superposed wings, upright
standards attached by means of flexible joints, and laterally extending stay
wires, with actuating ropes attached and operated substantially as described.
6. In a flying machine, the combination of wings having their right and
left tips capable of being adjusted so as to be presented to the wind at
respectively differing angles, with a vertical adjustable rear rudder operating
in conjunction therewith in the manner and for the purpose specified.
7. In a flying machine having wings capable of being twisted by actuating
ropes, the combination therewith of a movable vertical rear rudder having
tiller cords attached to said actuating ropes, substantially as described.
8. In a flying machine, the combination of superposed surfaces with a
vertical rear rudder, and hinged connecting arms in parallel planes
substantially as described.
9. In a flying machine having surfaces or wings composed of a cloth
covered frame, the combination of laterally extending spars and longitudinal
ribs, with a covering having the threads of the cloth diagonal to the main
lines of the framing, substantially as set forth.
10. In a flying machine the combination of superposed surfaces with
forwardly extending struts arranged in the manner and for the purpose
specified.
11. In a flying machine, the combination of supporting wings with a
smaller inert surface which becomes a supporting surface when the speed of

the machine is greatly diminished, substantially as described and for the
purpose specified.
12. In a flying machine, the combination of supporting wings and a
horizontal rudder, having stiff lateral sticks, thin longitudinal ribs, and cloth
covering, and a device for imparting a slight curvature to the rudder in the
manner and for the purpose specified.
13. In a flying machine, the combination of supporting wings with a
flexible horizontal rudder and a device for simultaneously regulating the
angle of the rudder with the wind and imparting to it a slight curvature,
substantially as described and for the purpose specified.
14. In a flying machine, the combination of superposed surfaces capable
of being twisted with a forward horizontal rudder and an adjustable vertical
rear rudder, substantially as described and for the purposes specified.
Dated this 19th day of March 1904.
HERBERT HADDAN & Co.,
Agents to Applicants.
18 Buckingham Street, Strand, W.C. London.
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Cette invention est relative à des perfectionnements aux machines
aéronautiques dans lesquelles le poids est soutenu par les réactions qui
résultent lorsque de minces surfaces ou ailes sont déplacées
horizontalement presque de champ à travers l’air, sous un faible angle
d’incidence, soit par l’application d’une force mécanique, soit par
l’utilisation de la force due à la gravité.
Les buts de cette invention sont de combiner ensemble la légèreté, la
force, la commodité de la construction, et la plus petite résistance
possible du bord; de pourvoir l’appareil de moyens pour maintenir ou
rétablir son équilibre, et de pourvoir la machine de moyens de guidage
dans le sens vertical et horizontal.
Au dessin annexé:
La fig. 1 est une vue perspective de la machine.
La fig. 2 est une élévation latérale, et,
La fig. 3 est une vue en plan de dessus.
Les surfaces horizontales superposées 1 formées en étendant de la
toile sur des cadres en bois et fil métallique, constituent les « ailes » ou
partie de support de l’appareil. Elles sont reliées l’une à l’autre au
moyen d’articulations à charnière formées par des montants verticaux 2
et des entretoises latérales en fil métallique 3, qui, avec la membrure 4
du cadre de l’aile constituent une charpente donnant à l’ensemble de la
machine une grande rigidité et solidité transversales. Les articulations à
charnière permettent des mouvements de flexion et de torsion, et
peuvent être soit des articulations à douille avec billes ou bien des
articulations quelconques avec un jeu suffisant pour permettre ces
mouvements et permettre aux surfaces formant les ailes ou à des parties
de celles-ci de se tordre ou de se plier en dehors de leurs plans normaux.
L’une des extrémités de la corde 5 est attachée près du coin postérieur
de la surface supérieure, passe diagonalement vers le bas autour des
poulies 6, et diagonalement vers le haut au coin correspondant de
l’extrémité opposée de la machine. La corde 8 est attachée au coin
antérieur de la surface supérieure, passe autour des poulies 7 et revient
au coin supérieur opposé. Le berceau mobile ou chariot 9 est attaché à
la corde 5 au point où repose le corps de l’opérateur, et permet ainsi de
communiquer un mouvement à la corde 5, la corde 8 se déplaçant
également sous l’action des ailes. L’opérateur est courbé sur la surface
inférieure, ses hanches reposant sur le berceau, et ses mains saisissant le
rouleau 10 qui actionne le gouvernail de devant. Les cordes 5 et 8
maintiennent les positions d’avant et d’arrière des deux surfaces 1 l’une
par rapport à l’autre, et par leur mouvement elles communiquent une
torsion à l’ensemble de la construction y compris les ailes 1, comme il
sera décrit ci-après. Le système de manœuvre a été représenté comme
étant formé par des cordes, mais il est évident qu’on pourra employer
un moyen quelconque pour communiquer cette torsion à une
construction formée comme il a été spécifié.
Les cadres principaux des ailes 1 sont formés en réunissant les
membrures latérales 4 (fig. 3) au moyen d’arcs de bout 11. La toile de
chaque aile, avant d’être attachée au cadre, est coupée en biais en une
seule pièce ayant à peu près la dimension et forme de l’aile, de manière

que les fils de la toile (comme on le voit en 12 fig. 3) se trouvent placés
diagonalement par rapport aux membrures latérales 4 et aux nervures
13, avec lesquelles la toile forme le système de charpente. Un large
ourlet est cousu sur le bord postérieur de manière à former une poche
pour l’insertion du fil métallique 14. Par la combinaison d’une carcasse
avec une couverture en toile, formées comme il a été décrit, on obtient
une surface très forte pouvant résister à des efforts latéraux et
longitudinaux mais pouvant être tordue d’une certaine quantité.
Lorsque le berceau ou chariot 9 est déplacé à droite ou à gauche, par
l’opérateur, un mouvement est communiqué par les cordes 5 et 8 et les
montants verticaux 2, tel que les surfaces des ailes sont tordues, le bord
postérieur des bouts de l’aile étant tiré vers le bas à un bout de la
machine et tiré vers le haut à l’autre bout; on présente ainsi la série de
gauche des bouts des ailes au vent suivant un angle plus ou moins grand
que le droit. Lorsque la machine vole, le bout ayant l’angle le plus
grand s’élèvera nécessairement et l’autre s’enfoncera, de sorte que
l’équilibre latéral de la machine se trouve sous le contrôle de
l’opérateur par des mouvements de torsion des bouts des ailes, au
moyen du chariot 9.
Les supports 15 avec les supports 16 (fig. 2) en combinaison avec le
cadre principal forment des défenses serrées qui empêchent la machine
de rouler par-dessus en avant lorsqu’elle atterre, et supprime le coup sur
la corde 8. Ces supports sont utilisés aussi comme une partie du
système de gouvernail d’avant.
Le gouvernail flexible d’avant 17 consiste dans les tiges transversales
rigides 18, 19 et 20 et les minces nervures 21, par-dessus lesquelles est
étendue une couverture en toile. Le gouvernail est monté sur les supports 15
en étant attaché à la tige transversale 18 qui est placée près du centre de
pression, de manière à constituer un gouvernail équilibré. Le mouvement de
montée et de descente du bord antérieur du gouvernail est partiellement
limité par les ressorts 23. Le bord postérieur est élevé et abaissé au moyen
des axes 10, 22, des bandes 24 et des bras 25 et 26, ou par tout autre moyen
approprié. L’action limitative des ressorts 23 fait courber les nervures 21
lorsque le bord postérieur est élevé ou abaissé, présentant ainsi une surface
concave à l’action du vent, et augmentant beaucoup sa puissance si on la
compare à un plan de même aire. En réglant la pression sur les côtés
supérieur et inférieur du gouvernail, par des changements d’angle et de
courbure, on communique un mouvement tournant à la construction
principale et la course de la machine est dirigée vers le haut ou vers le bas
au gré de l’opérateur, et l’équilibre longitudinal est conservé.
Contrairement à l’usage habituel, le gouvernail horizontal est placé en
avant des surfaces principales ou « ailes » sous un angle négatif, et aucune
queue horizontale n’est employée. Par cette disposition on obtient une
surface antérieure qui ne reçoit presque pas de pression dans les conditions
ordinaires de vol, mais qui, même si elle n’est pas déplacée du tout, devient
une surface ascensionnelle dès que la vitesse de la machine est réduite
accidentellement bien au-dessous de la valeur normale, et réagit ainsi
efficacement contre le déplacement en arrière du centre de pression sur les
surfaces principales ou ailes qui souvent a causé de graves accidents en
faisant piquer une tête à la machine et en la faisant s’abattre sur le sol. Un
gouvernail horizontal d’avant d’une construction différente a été employé
avant en combinaison avec une surface de support et un gouvernail
horizontal postérieur, mais cette combinaison n’était pas destinée à réaliser
le but qui est obtenu par la disposition des surfaces ci-dessus décrite, et ne le
réalisait pas non plus.
La queue verticale ou gouvernail 27 est fixée par des joints universels aux
deux paires de supports 28, qui se trouvent dans des plans horizontaux
parallèles, et qui sont reliés aux bords postérieurs des surfaces principales 1
au moyen d’articulations à charnière. Cette combinaison maintient la queue
rigidement dans une position verticale, mais permet à celle-ci de tourner sur
un axe vertical, et aussi de s’élever nettement dans le cas où elle frappe le
sol, et d’éviter ainsi toute rupture. Les cordes 29 sont des drosses de
gouvernail qui relient la roue de gouvernail 30 à la corde 8, qui, en
combinaison avec la corde 5, communique le mouvement de torsion aux
bouts des ailes comme il a déjà été décrit. Par ce moyen de fixation, le
même mouvement des cordes 8 et 5 qui actionne les bouts des ailes présente
aussi au vent le côté du gouvernail vertical postérieur qui se trouve vers le
bout ayant le plus petit angle d’incidence. Le bout de l’aile présenté au vent
sous l’angle plus grand, dans les conditions ordinaires de vol, a une plus
grande tendance à s’élever et à flotter, ou une plus grande résistance que
l’autre. L’aile avec le plus grand angle tend par conséquent à s’élever et à
baisser derrière, tandis que l’autre plonge et se déplace en avant. Dans ces

conditions, l’axe longitudinal de la machine tend à tourner du côté de l’aile
ayant le plus grand angle, tandis que la course générale de la machine à
travers l’air tend vers l’aile qui est la plus basse en déterminant bientôt une
grande divergence entre la direction que la machine envisage et la direction
qu’elle suit actuellement. Par l’emploi d’un gouvernail vertical postérieur
mobile, actionné de manière à présenter au vent le côté qui se trouve vers
l’aile ayant le plus petit angle, on obtient une force pour tourner opposée et
plus grande que celle provenant de la différence dans la résistance des deux
ailes, et il est ainsi possible de faire coïncider approximativement l’axe
longitudinal de la machine avec la ligne de vol.
Il y a lieu de faire remarquer en terminant que cette invention n’est pas
limitée à la construction et fixation spéciales du gouvernail postérieur tel
qu’il vient d’être décrit, ni à la construction spéciale des surfaces des ailes,
car on peut se servir de cette combinaison lorsqu’on emploie un gouvernail
postérieur vertical mobile quelconque actionné en même temps que des ailes
quelconques pouvant être présentées au vent sous des angles respectivement
différents à leurs bouts opposés dans le but de rétablir l’équilibre latéral
d’une machine volante et de guider la machine à droite ou à gauche.
RÉSUMÉ.
Cette invention comprend:
1° La fixation des surfaces superposées ou « ailes » avec des montants de
connexion verticaux au moyen d’articulations à charnière ou flexibles.
2° La disposition pour communiquer une torsion auxdites surfaces ou
ailes de telle manière que leurs bouts de droite et de gauche puissent être
réglés de façon à être présentés au vent sous des angles respectivement
différents.
3° Le gouvernail postérieur vertical mobile ayant des drosses de
gouvernail attachées aux cordes produisant la torsion.
4° La couverture en toile des ailes ayant les fils de la toile disposés
diagonalement par rapport aux lignes principales de la charpente.
5° Les supports s’étendant vers l’avant.
6° La disposition de la plus petite surface inerte qui devient une surface de
support lorsque la vitesse de la machine est notablement diminuée.
7° Le gouvernail horizontal d’avant, ayant des tiges latérales rigides, des
nervures longitudinales, et une couverture en toile, une légère courbure étant
communiquée au gouvernail de la manière et dans le but spécifiés.
O. WRIGHT ET W. WRIGHT.
Par procuration:
LAVOIX et MOSES.
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La présente invention se rapporte aux machines volantes du type
« aéroplane » et a pour objet des perfectionnements dans l’équilibrage
latéral de ces machines par la disposition d’appareils modifiant, par rapport
à la direction de leur mouvement d’avancement, les inclinaisons relatives de
leurs ailes droites et gauches et évitant les mouvements de giration
secondaires autour d’axes verticaux qui résultent de la différence de ces
inclinaisons relatives et qui tendent à contrecarrer ou à détruire l’effet
cherché.
L’appareil comprend des plans horizontaux ou « aéroplanes », un
gouvernail vertical arrière, un gouvernail vertical avant, un gouvernail fixe
avant et un gouvernail horizontal avant.
L’équilibre latéral est réglé par une augmentation de l’angle d’incidence,
sous lequel les surfaces horizontales sont présentées à l’atmosphère dans le
sens du mouvement d’avancement, du côté qui tend à s’abaisser et, par une
diminution de cet angle, du côté qui tend à s’élever et pour éviter le
mouvement tournant de la machine autour d’un axe vertical qui serait le
résultat secondaire de cette manœuvre, l’on dispose des gouvernails
verticaux pour produire un couple tournant dans la direction opposée.
La modification de l’inclinaison des ailes sur la direction du mouvement
produit, en effet, non seulement une variation de l’équilibre horizontal de
l’appareil, mais encore sur chaque aile une variation de la résistance au
mouvement d’avancement; cette dernière variation a pour conséquence un
ralentissement de la vitesse de l’aile dont la résistance a augmenté, c’est-àdire de l’aile présentée sous le plus grand angle et une accélération de
vitesse de l’aile présentée sous le plus petit angle et dont la résistance a
diminué; cette dernière aile, par suite de la plus grande vitesse avec laquelle
elle fend l’air, tend à s’élever, neutralisant ainsi l’effet cherché.
Pour s’opposer à ces mouvements secondaires, l’on dispose sur la
machine: à l’arrière un gouvernail vertical, à l’avant une surface fixe
verticale et un gouvernail vertical, gouvernails auxquels l’on donne des
orientations appropriées pour compenser le couple nuisible produit par la
déformation des ailes.

Aux dessins ci-joints:
La fig. 1 est une vue perspective d’une machine volante incorporant
l’invention;
La fig. 2 est une coupe horizontale de la même machine;
La fig. 3 est une coupe prise suivant la ligne x-x de la fig. 2 et en
regardant dans la direction des flèches;
La fig. 4 est une vue de détail du mécanisme réglable.
Ces dessins sont donnés à titre d’exemple, et il est bien entendu qu’ils ne
sauraient, en aucune façon, limiter la portée de l’invention.
Ils se rapportent à une machine volante comprenant des surfaces minces
ou « aéroplanes », solidaires et superposées, dont les extrémités latérales ou
« ailes » mobiles autour d’axes situés dans leurs plans, peuvent recevoir, au
gré de l’opérateur, des mouvements de déformation d’amplitude réglable qui
modifient les angles d’incidence sous lesquels chacune d’elles est présentée
à l’atmosphère. Ces aéroplanes peuvent être d’un type quelconque de
construction, et les déformations peuvent leur être communiquées de façon
quelconque, mais le moyen décrit ici est préférable. Ainsi que le
représentent les figures, les aéroplanes 1 et 2 sont constitués chacun par un
bâti rectangulaire 3, dont le petit côté est orienté suivant la direction du
mouvement de la machine, et par des matériaux réunissant la résistance
nécessaire au degré convenable de flexibilité, tels que du bois de bonne
qualité ou des barres métalliques. Ces bâtis sont recouverts par de la toile 4
pour former la surface de l’aéroplane et les deux aéroplanes sont réunis l’un
à l’autre par des tiges 5, rigides d’un bout à l’autre de leur longueur, et
fixées à leurs extrémités supérieure et inférieure aux aéroplanes respectifs
par des joints universels ou articulés, maintenant ainsi les deux aéroplanes à
une distance invariable l’un de l’autre.
Pour obtenir la torsion hélicoïde, les aéroplanes 1 et 2 peuvent être
mobiles autour d’axes situés dans leur plan. Le rang avant des montants 5,
les parties avant des bâtis 3 et les câbles de renforcement a forment
ensemble une armature rigide qui maintient le bord avant des aéroplanes
dans une position immuable. Mais le rang arrière de montants 5 et la partie
arrière du bâti 3 sont reliés rigidement seulement près du centre de la
machine par les câbles de renforcement a. Des câbles tendus c, montés sur
la partie centrale de la machine, complètent la liaison entre les deux
aéroplanes en s’opposant à tout mouvement de glissement de l’un par
rapport à l’autre. Aux extrémités de cette partie arrière centrale et rigide des
bâtis 3, sont montées des articulations b. Les parties des cadres situées au
delà de ces articulations forment une armature réglable et sont maintenues
dans toute position déterminée par un câble tendu 6 fixé à ses extrémités
près des coins arrières droit et gauche de l’aéroplane supérieur; il passe sous
des guides convenables 7, supportés par l’aéroplane inférieur, d’une façon
quelconque, par exemple, au moyen de petits paliers 8, et pour recevoir des
tractions dans la direction de la plus grande longueur des aéroplanes. Ces
tractions peuvent lui être communiquées au moyen d’appareils quelconques;
de préférence, ils consistent en un câble auxiliaire 8a fixé à ses extrémités
sur le câble 6 en des points 6a et 6b compris entre les rouleaux 7 et renvoyé
par un guide convenable 9, sur un tambour 10 monté sur un arbre 11 porté
par des consoles 12 de l’aéroplane inférieur. Le tambour 10 est muni d’une
poignée 13, et il peut être maintenu fixement sur l’arbre 11 à l’aide d’un
frein qui, dans le cas présent, consiste en un collier fendu 14 muni d’une vis
moletée 15 à l’aide de laquelle la friction entre le collier 14 et l’arbre 11
peut être réglée. Un câble unique 6 peut être employé, mais il est préférable
de monter des câbles auxiliaires 16 le long du câble 6 en des points situés
près des guides 7, et de les fixer aux parties ou bords latéraux
correspondants de l’aéroplane supérieur, de préférence près des bords arrière.
La longueur des câbles auxiliaires 16 et le mode de liaison au câble 6 et à
l’aéroplane supérieur sont tels qu’une action exercée sur le câble 6 est
transmise à ses extrémités et aux câbles auxiliaires 16 et, par tous ces câbles,
aux ailes correspondantes de l’aéroplane, produisant ainsi la déformation
désirée du bord arrière de l’aéroplane, et l’empêchant de devenir bombé ou
distordu entre son extrémité extérieure et la charnière. Un second câble 17
est fixé, par chacune de ses extrémités, sur les ailes de l’aéroplane inférieur,
de préférence près de ses coins arrière; il passe sur des guides convenables
18 fixés à l’aéroplane supérieur et est d’une longueur telle que, lorsqu’il est
relié à l’aéroplane inférieur, il reste tendu comme le câble 6, ces deux câbles
6 et 17 jouant ainsi le rôle de raidisseur dans la charpente de la machine. Le
câble 17 est aussi préférablement muni de câbles auxiliaires 19, opérant
d’une manière analogue à celle des câbles auxiliaires 16 du câble 6. La
partie arrière centrale des cadres 3 avec les câbles de renforcement a, et les
parties arrière des ailes latérales forment donc avec les tiges 5, les guides 7
et 18 et les câbles 6, 16, 17 et 19 un système funiculaire à la fois rigide et
déformable d’une nouvelle sorte qui permet de régler la position des coins

arrière des aéroplanes tout en lui conservant les caractéristiques d’une
charpente rigide. Quand le tambour 10 est mis en mouvement pour mouvoir
le câble 6 à gauche, tirant ainsi vers le bas la partie arrière latérale maindroite de l’aéroplane supérieur, la partie correspondante de l’aéroplane
inférieur est sensiblement abaissée grâce aux liaisons rigides formées entre
les aéroplanes supérieur et inférieur par les tiges 5.
Le mouvement vers le bas de cette partie de l’aéroplane inférieur,
actionnés par le câble 17, sert à élever la portion arrière, main-gauche de
l’aéroplane inférieur et, par là, au moyen des tiges de liaison 5, à élever la
partie correspondante de l’aéroplane supérieur, communiquant ainsi
simultanément une torsion hélicoïde aux ailes des deux aéroplanes.
En faisant tourner ainsi les parties arrière extrêmes des ailes autour d’axes
situés dans leurs plans primitifs, on les force à se présenter sous des angles
d’incidence variables à l’atmosphère, le côté présentant le plus grand angle
d’incidence étant obligé de s’élever sous la pression plus grande résultant de
l’action atmosphérique sur cette partie, tandis que le côté offrant le plus petit
angle d’incidence tombe ou s’abaisse. Cette action permet à l’opérateur, par
le réglage des angles d’incidence, de maintenir l’équilibrage latéral de la
machine; mais elle tend à la faire tourner autour d’un axe vertical, parce que
l’angle croissant d’incidence offre à l’atmosphère une plus grande résistance
au mouvement d’avancement et permet à la partie de l’aéroplane ayant le
plus petit angle d’incidence de se mouvoir en avant à une vitesse plus
grande que la partie ayant le plus grand angle d’incidence. Pour maîtriser cet
effet, l’on dispose à l’arrière de la machine un gouvernail vertical 20, mobile
autour d’un axe monté entre des bras 21; à la partie inférieure de l’axe est
montée une poulie 22, autour de laquelle passe un câble 23 permettant ainsi
de faire tourner le gouvernail 20 pour obtenir une pression de l’air sur le
gouvernail vertical du côté de la machine dont l’aile offre au vent le plus
petit angle d’incidence. Un mouvement tournant peut être produit seulement
par une combinaison de forces agissant dans des directions différentes;
l’inertie de la machine peut être l’une de ces forces et la pression sur le côté
du gouvernail vertical, placé derrière le centre de la machine, peut être
l’autre force. Dans la construction présente, l’inertie de la machine est
combinée avec des forces actives produites par la pression du vent sur des
surfaces verticales additionnelles, consistant en un gouvernail disposé en
avant du centre de la machine et en une surface fixe, de préférence située en
avant du centre de gravité de la machine. Cependant, cette disposition n’est
pas indispensable et un couple satisfaisant peut être obtenu, soit par la
combinaison de deux gouvernails réglables, soit par la combinaison d’un
seul gouvernail réglable avec une surface fixe.
Cette construction est représentée dans les figures et consiste en un
second gouvernail vertical 24 dont l’axe est monté sur les bras 25 disposés
en avant de la machine. Ce gouvernail porte aussi, à la partie inférieure de
son axe, une poulie 26 autour de laquelle s’enroule un câble qui est de
préférence le même câble 23 que celui qui est monté sur la poulie 22 du
gouvernail arrière, ce câble étant croisé afin de faire tourner les gouvernails
dans des directions opposées. Ainsi, par l’emploi de deux gouvernails, l’on
obtient un couple tournant plus parfait. La vanne verticale fixe 27 peut être
montée entre les bras 25 qui supportent le gouvernail avant 24 sur une
traverse d; elle agit avec les gouvernails réglables et, dans le cas où l’un de
ces gouvernails est plus puissant que l’autre, elle aide, par sa résistance au
mouvement latéral, le gouvernail le plus faible pour former un couple
tournant et, si l’un des gouvernails est désemparé, elle maintient, avec
l’autre qui reste, un couple tournant dans la même direction que
précédemment. Les gouvernails réglables peuvent être commandés par
n’importe quel appareil, mais il est préférable d’employer un tambour ou
une poulie 28 autour de laquelle passe le câble 23, qui est actionné par
l’opérateur dans la direction désirée. Ce tambour 28 est de préférence monté
sur l’arbre 11 et adjacent au tambour 10; il est muni d’une poignée 29
disposée à proximité de la poignée 13 du tambour 10 et suffisamment
rapprochée d’elle pour que, si on le désire, les deux manivelles 29 et 13
puissent être saisies avec une seule main et les deux tambours 10 et 28
actionnés simultanément, ou que chaque poignée puisse être commandée
individuellement pour agir sur son tambour indépendamment de l’autre. Le
tambour 28 peut aussi être muni d’un frein, ce frein peut être d’un type
quelconque, c’est par exemple un collier fendu 30 fixé sur le tambour 28 et
muni d’une vis moletée 31, au moyen de laquelle on règle la friction entre le
collier 30 et l’arbre 11, ce qui permet d’amener les gouvernails dans toutes
positions désirées et de les maintenir dans ces positions par la friction dudit
collier, pendant que le tambour agit sous l’action de la force appliquée sur la
manivelle 29.
La résistance de l’air ne maintiendra pas les gouvernails en équilibre dans
toute position où ils auront été amenés; dans leur manœuvre, tantôt la

pression de l’air facilitera leur réglage par l’opérateur, tantôt elle s’y
opposera et augmentera les difficultés de ce réglage. C’est pour remédier
aux inconvénients qui pourraient résulter de ces phénomènes, qu’un
dispositif à friction a été intercalé entre le levier de commande et les
gouvernails pour maintenir ceux-ci dans la position où ils ont été amenés.

Le frein est réglé de façon à surmonter l’action des forces
perturbatrices produites par la pression du vent sur les gouvernails, sans
être toutefois trop serré pour s’opposer à la commande des gouvernails
par l’opérateur.
Un gouvernail horizontal 32 est disposé à l’avant de la machine; son
axe porte sur une poulie 33, sur laquelle s’enroule un câble 34 qui passe
sur un tambour 35 logé sur la plate-forme centrale et commandé par une
poignée 36 mise à la portée de l’opérateur.
Ce gouvernail est maintenu dans chacune des positions où l’opérateur
l’amène par un dispositif connu quelconque; ce dispositif peut être, par
exemple, un collier fendu dont la pression est réglée par une vis moletée.
Enfin, au lieu de rétablir l’équilibre de la machine au moyen de torsions
hélicoïdes imprimées aux parties arrière des ailes latérales, l’on peut
imprimer des mouvements analogues aux parties antérieures des ailes,
l’avant de la machine étant alors articulé, tandis que l’arrière est
indéformable, et la présente invention n’est nullement limitée au réglage et
au rétablissement de l’équilibre latéral de la machine volante décrite; un
aéroplane formé d’un ou de 3, 4 ... n plans peut être équilibré de cette façon;
en outre, l’invention ne vise pas l’équilibrage latéral des aéroplanes par des
torsions hélicoïdes de leurs plans de sustentation; d’une façon générale, elle
a pour objet l’équilibrage de ces machines par la combinaison de surfaces
horizontales mobiles à angles d’incidence variables disposées sur les côtés
droit et gauche de la machine avec des gouvernails verticaux et des surfaces
verticales fixes. Dans ce but, l’on peut donner, à droite et à gauche du centre
de la machine, des valeurs différentes aux angles d’incidence de tout ou
partie de la surface des ailes, soit en agissant sur les ailes situées d’un seul
côté, soit en communiquant des déformations inverses aux ailes droite et
gauche; comme exemples de déformations simples et facilement applicables,
l’on peut citer, outre la torsion hélicoïdale décrite: le relèvement des ailes
d’un côté avec immobilisation des ailes du côté opposé, le relèvement des
ailes d’un côté et l’abaissement simultané des ailes de l’autre côté, ces
mouvements étant faits autour d’axes normaux ou transversaux à la
direction du mouvement; les mêmes relèvements autour d’axes analogues
pour des parties de la surface des ailes, les parties mobiles étant de
préférence disposées aux extrémités des ailes.
RÉSUMÉ.
L’invention se rapporte aux machines volantes du type « aéroplane », a
pour objet des perfectionnements dans leur équilibrage latéral et pour but la
réalisation de cet équilibrage par la combinaison de surfaces mobiles
d’inclinaison variable sur la direction du mouvement d’avancement;
disposées sur les côtés droit et gauche de la machine avec des gouvernails
verticaux et des surfaces verticales fixes.
Ces perfectionnements sont caractérisés par:
1° La disposition dans un aéroplane:
a) De surfaces horizontales placées à droite et à gauche du centre de la
machine pouvant être présentées à l’air sous des angles d’incidence
variables;
b) D’un gouvernail vertical arrière;
c) D’un gouvernail vertical avant;
d) D’une surface fixe verticale.
2° La constitution d’un aéroplane dont les ailes ont des angles d’incidence
réglables au moyen de plans horizontaux rectangulaires superposés, réunis
par une charpente déformable;
3° La constitution de cette charpente déformable au moyen de tiges
horizontales parallèles et articulées, de montants verticaux rigides, de câbles
diagonaux et de guide de ces câbles;
4° La commande simultanée de l’inclinaison des ailes et des orientations
des gouvernails;
5° L’application de ces perfectionnements à une machine aéronautique
formée de deux plans horizontaux ou aéroplanes superposés, parallèles et
caractérisée par:
a) La constitution de chaque aéroplane par une toile et un bâti
rectangulaire allongé dont les grands côtés sont normaux à la ligne de vol et
dont le côté arrière ou avant est formé d’un tronçon central et de deux
tronçons adjacents articulés sur le premier;
b) Pour chaque aéroplane, lors du relèvement de l’un des tronçons audessus du plan de l’aéroplane, l’abaissement simultané de l’autre tronçon;

c) Pour chaque aéroplane, lors de ces mouvements, l’entraînement des
surfaces voisines des tronçons mobiles, c’est-à-dire l’abaissement du coin
arrière d’une aile et le relèvement simultané du coin arrière de l’autre aile;
d) La production de ces mouvements, par un câble tendu fixé à ses
extrémités, près des coins arrière de l’un des aéroplanes, passant sur des
guides portés par l’autre, et pouvant être tiré dans un sens ou dans l’autre;
e) La production de tractions sur ce câble au moyen d’un câble de
commande dont les extrémités fixées sur lui entre les guides portés par
l’aéroplane inférieur lui sont d’abord parallèles, puis renvoyées sur un
tambour portant une poignée manœuvrée par l’opérateur;
f) Le maintien des déformations hélicoïdales des ailes des aéroplanes par
un frein calé sur le tambour de commande du câble de manœuvre empêchant
ce dernier de reprendre sa position primitive;
g) L’emploi d’un gouvernail vertical avant, d’un gouvernail vertical
arrière et d’une surface fixe verticale placée en avant du centre de gravité de
la machine pour équilibrer les couples d’axes verticaux créés par la torsion
hélicoïde imprimée aux aéroplanes;
h) La commande simultanée de ce gouvernail avant et du gouvernail
arrière au moyen d’un câble enroulé sur un tambour portant une poignée
manœuvrée par l’opérateur;
i) Le maintien des orientations données à ces gouvernails par un frein;
j) Le rapprochement des poignées de manœuvre des aéroplanes et des
gouvernails pour en permettre le maniement simultané ou individuel avec
une seule main et conséquemment la commande simultanée ou individuelle
des ailes et des gouvernails verticaux;
k) Un gouvernail horizontal maintenu dans toute position par un frein et la
commande de ce gouvernail par un levier de manœuvre situé à portée de
l’opérateur.
W. WRIGHT ET O. WRIGHT.
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La présente invention se rapporte aux machines volantes du type
« aéroplane » et a pour objet des perfectionnements dans leur équilibrage
latéral; elle a pour but la réalisation de cet équilibrage par la disposition sur
les côtés droit et gauche de ces machines d’ailes mobiles, pouvant être
présentées à l’air sous des angles d’incidence différents, combinés avec des
surfaces dont la résistance au mouvement d’avancement peut être réglée
synchroniquement avec celle des ailes horizontales.
L’appareil comprend des plans horizontaux ou « aéroplanes » dont les
ailes latérales sont mobiles, des résistances réglables disposées sur les côtés
droit et gauche de la machine et pouvant modifier la résistance à
l’avancement des ailes droites et gauches.
L’équilibre latéral est réglé par une augmentation de l’angle d’incidence,
sous lequel les surfaces horizontales sont présentées à l’atmosphère dans le
sens du mouvement d’avancement, du côté qui tend à s’abaisser et par une
diminution de cet angle du côté qui tend à s’élever; cette modification de
l’inclinaison du mouvement des ailes produit non seulement une variation
de l’équilibre horizontal, mais encore sur chaque aile une variation de la
résistance au mouvement d’avancement; cette dernière variation a pour
conséquence un ralentissement de la vitesse de l’aile dont la résistance a
augmenté, c’est-à-dire de l’aile présentée sous le plus grand angle et une
accélération de vitesse de l’aile présentée sous le plus petit angle et dont la
résistance a diminué; cette dernière aile, par suite de la plus grande vitesse
avec laquelle elle fend l’air tend à s’élever, neutralisant l’effet cherché.
Pour s’opposer à ces mouvements secondaires l’on dispose sur la machine,
à droite et à gauche du centre des résistances réglables s’opposant au
mouvement d’avancement du côté de l’aile qui se meut à la plus grande
vitesse pour donner, à la résistance au mouvement de ce côté de la machine,
la même valeur qu’à celle de l’autre côté et maintenir ainsi les deux ailes à
égale vitesse.
Les dessins ci-joints donnés à titre d’exemple incorporent l’invention.
La fig. 1 est une vue perspective d’une machine volante incorporant
l’invention;
La fig. 2 est une coupe horizontale faite au-dessous de l’aéroplane
supérieur.
Dans ces dessins, l’on a représenté une machine volante comprenant des
aéroplanes superposés et reliés entre eux dont les parties latérales ou
« ailes » peuvent se mouvoir autour d’axes horizontaux pour donner aux
aéroplanes une torsion hélicoïdale déterminant sur les ailes des angles
d’incidence différents. Les aéroplanes sont indiqués en 1 et 2; ils sont reliés
l’un à l’autre au moyen de tiges ou barres rigides 3 fixées à leurs extrémités
opposées au moyen de joints flexibles ou universels; chaque aéroplane est

formé par un bâti rectangulaire dont la plus grande longueur est
perpendiculaire à la ligne de vol de la machine; ce bâti est en matériaux
réunissant la résistance nécessaire au degré voulu de flexibilité, par exemple
en bois de bonne qualité ou en barres métalliques légères. Les deux bâtis des
aéroplanes sont recouverts avec de la toile; le côté transversal arrière b1 de
chaque bâti est formé d’une partie centrale et de deux tronçons latéraux
articulés en b. Les déformations des aéroplanes sont obtenues au moyen
d’un câble 4 fixé à ses extrémités aux coins arrière mobiles des ailes de
l’aéroplane supérieur et passé au-dessous de guides 5 portés par le bâti de
l’aéroplane inférieur au moyen de petites consoles 6. Entre ces guides, le
câble peut être mû, soit vers la droite, soit vers la gauche, par un câble
auxiliaire 8a, renvoyé par un guide 4a sur un tambour 7 monté sur un arbre 8;
cet arbre est solidement fixé dans des supports 9 portés par l’aéroplane
inférieur. Ce tambour est muni d’une poignée 10 et d’un frein 11
l’empêchant de tourner autour de l’arbre; une vis de pression 12 permet de
régler la friction sur l’arbre. Un second câble 13 est fixé à ses extrémités sur
les ailes inférieures et renvoyé sur des guides 14 de l’aéroplane supérieur.
Au moyen de ces câbles, un seul mouvement de la poignée 10 communique
une torsion hélicoïde aux extrémités droite et gauche des deux aéroplanes,
les présentant à l’atmosphère sous des angles d’incidence différents, ce qui
permet, par le réglage des angles d’incidence, de maintenir et de rétablir
l’équilibre latéral de la machine, le côté présentant le plus grand angle
d’incidence à l’atmosphère tendant à s’élever, pendant que l’autre côté tend
à s’abaisser.
Ce réglage de l’équilibre serait parfait si un phénomène secondaire ne
venait troubler la marche nouvelle de l’appareil: le côté de l’aéroplane dont
l’angle d’incidence a été augmenté présente une surface plus résistante au
mouvement d’avancement et sa vitesse diminue; le côté opposé de
l’aéroplane, présenté sous le plus petit angle d’incidence, offrant une
moindre résistance à ce mouvement, se déplace plus rapidement. Pour
s’opposer aux mouvements secondaires qui tendent à se produire, l’on
dispose à droite et à gauche du centre de la machine des résistances au
mouvement d’avancement des ailes qui peuvent être réglées
individuellement, pour créer, du côté de l’appareil présenté sous le plus petit
angle d’incidence, une résistance supplémentaire égale à la différence
existant entre les résistances à l’avancement des ailes droites et des ailes
gauches et obliger ainsi les deux côtés de l’aéroplane à se mouvoir à la
même vitesse.
Ces résistances réglables sont, de préférence, constituées par des vannes
verticales 15 montées chacune sur un arbre ou tige verticale 16, arbre dont
les extrémités sont logées dans les bâtis supérieur et inférieur des aéroplanes,
près de leurs bords avant. Au-dessous de chaque vanne verticale 15, l’arbre
porte une poulie 17 sur laquelle est fixée l’extrémité d’un câble 18 dont
l’autre extrémité est attachée sur la poulie correspondante 17 de la vanne 15
appartenant à l’autre côté de la machine. Le câble 18 est muni de dispositifs
de commande permettant d’agir sur les vannes 15. Cette action sur le câble
18 est obtenue au moyen de poulies de renvoi 19a et d’un tambour 19 monté
sur l’arbre 8 muni d’une poignée 20 et d’un frein 21, le tambour et le frein
étant analogues au tambour 7 et au frein 11. La poignée 20 est de préférence
disposée parallèlement et tout près de la poignée 10 pour que les poignées
20 et 10 puissent être saisies ensemble d’une seule main et que l’on puisse
agir simultanément sur les tambours 7 et 19. Quand la poignée 20 est
déplacée dans un sens ou dans l’autre une traction est exercée sur l’un des
côtés de la corde 18, l’autre côté de cette corde devient lâche, l’une des
vannes 15 est ainsi déplacée dans la direction désirée, se présente
obliquement à la ligne de vol et oblige l’autre vanne 15 à revenir dans sa
position normale, laquelle est parallèle à la trajectoire de la machine. Le
frein 21 sert à maintenir la vanne dans sa nouvelle position jusqu’à ce que le
tambour 19 ait été de nouveau actionné pour l’amener dans une autre ou lui
faire reprendre sa direction normale.
Enfin, la présente invention n’est nullement limitée au réglage et au
rétablissement de l’équilibre latéral de la machine volante décrite; un
aéroplane formé d’un ou de 3, 4 … n plans peut être équilibré de cette façon;
en outre, l’invention ne vise pas l’équilibrage latéral des aéroplanes par la
combinaison de mouvements hélicoïdaux de leurs plans de sustentation avec
des orientations convenables données à des gouvernails latéraux; d’une
façon générale, elle a pour objet l’équilibrage de ces machines par la
combinaison de surfaces horizontales mobiles à angles d’incidence variables
disposées sur les côtés droit et gauche de la machine avec des résistances
réglables situées sur ces mêmes côtés, destinées spécialement à modifier
plus ou moins la résistance à l’avancement de ces côtés de la machine sans
influer sur leur sustentation. Elle est applicable aux aéroplanes dans lesquels
les angles d’incidence de tout ou partie de la surface des ailes peuvent

recevoir des valeurs différentes sur les côtés droit et gauche de la machine,
soit par une action sur un seul de ces côtés, soit par des actions inverses sur
les deux côtés. Ces modifications des angles d’incidence peuvent être
produites, en dehors du mouvement hélicoïdal décrit, soit par le relèvement
des ailes d’un côté avec immobilisation des ailes du côté opposé, soit par le
relèvement des ailes d’un côté et l’abaissement simultané des ailes de l’autre
côté, ces mouvements étant faits autour d’axes horizontaux normaux ou
transversaux à la ligne du vol; ces modifications d’angle peuvent être
appliquées seulement à des fractions mobiles de la surface des ailes,
fractions mobiles disposées, de préférence, à leurs extrémités.
Les gouvernails latéraux peuvent également être remplacés par des
surfaces mobiles autour d’axes normaux à la ligne du vol, maintenues
normalement rabattues sur les plans de sustentation et relevées, du côté de la
machine qui se présente sous le plus petit angle d’incidence lors d’une
modification des angles d’incidence des ailes; dans le même but, l’on peut
également employer des surfaces verticales longitudinales disposées, par
exemple, suivant les petits côtés des aéroplanes, tirées à volonté et amenées
de front par un renvoi d’équerre sur les tiges extrêmes verticales reliant les
plans horizontaux superposés.
RÉSUMÉ.
L’invention se rapporte aux machines volantes du type « aéroplane », a
pour objet des perfectionnements dans leur équilibrage latéral et pour but la
réalisation de cet équilibrage par la combinaison de surfaces mobiles à
angles d’incidence variables, disposées sur les côtés droit et gauche de la
machine, avec des résistances réglables, disposées sur ces mêmes côtés,
égalisant la résistance au mouvement d’avancement des côtés droit et
gauche de l’appareil pour les obliger à se déplacer à la même vitesse.
L’invention est caractérisée par:
1° Des résistances disposées à droite et à gauche du centre de la machine,
modifiant seulement la résistance des ailes au mouvement d’avancement et
dont l’intensité peut être réglée synchroniquement avec celle des surfaces
horizontales;
2° La constitution de ces résistances au moyen de surfaces d’orientation
variable;
3° Leur réglage au moyen de câbles montés sur des poulies, renvoyés sur
un tambour placé à la portée de l’opérateur;
4° La commande de ce tambour au moyen d’un levier et son
immobilisation au moyen d’un frein fixant une surface dans la position
désirée et laissant l’autre libre;
5° La disposition du levier de manœuvre de ces surfaces près du levier de
manœuvre des surfaces horizontales pour permettre la manœuvre simultanée
des deux leviers avec une main, ou leur commande individuelle.
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To all whom it may concern:
Be it known that we, ORVILLE WRIGHT and WILBUR WRIGHT, citizens of
the United States, residing in the city of Dayton, county of Montgomery,
and State of Ohio, have invented certain new and useful Improvements in
Flying-Machines, of which the following is a specification.
Our invention relates to that class of flying-machines in which the weight
is sustained by the reactions resulting when one or more aeroplanes are
moved through the air edgewise at a small angle of incidence, either by the
application of mechanical power or by the utilization of the force of gravity.
The objects of our invention are to provide means for maintaining or
restoring the equilibrium or lateral balance of the apparatus, to provide
means for guiding the machine both vertically and horizontally, and to
provide a structure combining lightness, strength, convenience of
construction, and certain other advantages which will hereinafter appear.
To these ends our invention consists in certain novel features, which we
will now proceed to describe and will then particularly point out in the
claims.
In the accompanying drawings, Figure 1 is a perspective view of an
apparatus embodying our invention in one form. Fig. 2 is a plan view of the
same, partly in horizontal section and partly broken away. Fig. 3 is a side
elevation, and Figs. 4 and 5 are detail views, of one form of flexible joint for
connecting the upright standards with the aeroplanes.
In flying-machines of the character to which this invention relates the
apparatus is supported in the air by reason of the contact between the air and
the under surface of one or more aeroplanes, the contact-surface being
presented at a small angle of incidence to the air. The relative movements of
the air and aeroplane may be derived from the motion of the air in the form
of wind blowing in the direction opposite to that in which the apparatus is
traveling or by a combined downward and forward movement of the
machine, as in starting from an elevated position or by combination of these
two things, and in either case the operation is that of a soaring-machine,
while power applied to the machine to propel it positively forward will
cause the air to support the machine in a similar manner. In either case
owing to the varying conditions to be met there are numerous disturbing

forces which tend to shift the machine from the position which it should
occupy to obtain the desired results. It is the chief object of our invention to
provide means for remedying this difficulty, and we will now proceed to
describe the construction by means of which these results are accomplished.
In the accompanying drawings we have shown an apparatus embodying
our invention in one form. In this illustrative embodiment the machine is
shown as comprising two parallel superposed aeroplanes 1 and 2, and this
construction we prefer, although our invention may be embodied in a
structure having a single aeroplane. Each aeroplane is of considerably
greater width from side to side than from front to rear. The four corners of
the upper aeroplane are indicated by the reference-letters a, b, c, and d,
while the corresponding corners of the lower aeroplane 2 are indicated by
the reference-letters e, f, g, and h. The marginal lines a b and e f indicate the
front edges of the aeroplanes, the lateral margins of the upper aeroplane are
indicated, respectively, by the lines a d and b c, the lateral margins of the
lower aeroplane are indicated, respectively, by the lines e h and f g, while
the rear margins of the upper and lower aeroplanes are indicated,
respectively, by the lines c d and g h.
Before proceeding to a description of the fundamental theory of operation
of the structure we will first describe the preferred mode of constructing the
aeroplanes and those portions of the structure which serve to connect the
two aeroplanes.
Each aeroplane is formed by stretching cloth or other suitable fabric over
a frame composed of two parallel transverse spars 3, extending from side to
side of the machine, their ends being connected by bows 4, extending from
front to rear of the machine. The front and rear spars 3 of each aeroplane are
connected by a series of parallel ribs 5, which preferably extend somewhat
beyond the rear spar, as shown. These spars, bows, and ribs are preferably
constructed of wood having the necessary strength, combined with lightness
and flexibility. Upon this framework the cloth which forms the supportingsurface of the aeroplane is secured, the frame being inclosed in the cloth.
The cloth for each aeroplane previously to its attachment to its frame is cut
on the bias and made up into a single piece approximately the size and shape
of the aeroplane, having the threads of the fabric arranged diagonally to the
transverse spars and longitudinal ribs, as indicated at 6 in Fig. 2. Thus the
diagonal threads of the cloth form truss systems with the spars and ribs, the
threads constituting the diagonal members. A hem is formed at the rear edge
of the cloth to receive a wire 7, which is connected to the ends of the rear
spar and supported by the rearwardly-extending ends of the longitudinal ribs
5, thus forming a rearwardly-extending flap or portion of the aeroplane. This
construction of the aeroplanes gives a surface which has very great strength
to withstand lateral and longitudinal strains, at the same time being capable
of being bent or twisted in the manner hereinafter described.
When two aeroplanes are employed, as in the construction illustrated, they
are connected together by upright standards 8. These standards are
substantially rigid, being preferably constructed of wood and of equal length,
equally spaced along the front and rear edges of the aeroplane, to which they
are connected at their top and bottom ends by hinged joints or universal
joints of any suitable description. We have shown one form of connection
which may be used for this purpose in Figs. 4 and 5 of the drawings. In this
construction each end of the standard 8 has secured to it an eye 9, which
engages with a hook 10, secured to a bracket-plate 11, which latter plate is
in turn fastened to the spar 3. Diagonal braces or stay wires 12 extend from
each end of each standard to the opposite ends of the adjacent standards, and
as a convenient mode of attaching these parts I have shown a hook 13 made
integral with the hook 10 to receive the end of one of the stay-wires, the
other stay-wire being mounted on the hook 10. The hook 13 is shown as
bent down to retain the stay-wire in connection to it, while the hook 10 is
shown as provided with a pin 14 to hold the stay-wire 12 and eye 9 in
position thereon. It will be seen that this constriction forms a truss system
which gives the whole machine great transverse rigidity and strength, while
at the same time the jointed connections of the parts permit the aeroplanes to
be bent or twisted in the manner which we will now proceed to describe.
15 indicates a rope or other flexible connection extending lengthwise of
the front of the machine above the lower aeroplane, passing under pulleys or
other suitable guides 16 at the front corners e and f of the lower aeroplane,
and extending thence upward and rearward to the upper rear corners c and d
of the upper aeroplane, where they are attached, as indicated at 17. To the
central portion of this rope there is connected a laterally-movable cradle 18,
which forms a means for moving the rope lengthwise in one direction or the
other, the cradle being movable toward either side of the machine. We have
devised this cradle as a convenient means for operating the rope 15, and the
machine is intended to be generally used with the operator lying face

downward on the lower aeroplane, with his head to the front, so that the
operator’s body rests on the cradle, and the cradle can be moved laterally by
the movements of the operator’s body. It will be understood, however, that
the rope 15 may be manipulated in any suitable manner.
19 indicates a second rope extending transversely of the machine along
the rear edge of the body portion of the lower aeroplane, passing under
suitable pulleys or guides 20 at the rear corners g and h of the lower
aeroplane, and extending thence diagonally upward to the front corners a
and b of the upper aeroplane, where its ends are secured in any suitable
manner, as indicated at 21.
Considering the structure so far as we have now described it and assuming
that the cradle 18 be moved to the right in Figs. 1 and 2, as indicated by the
arrows applied to the cradle in Fig. 1 and by the dotted lines in Fig. 2, it will
be seen that that portion of the rope 15 passing under the guide-pulley at the
corner e and secured to the corner d will be under tension, while slack is
paid out throughout the other side or half of the rope 15. The part of the rope
15 under tension exercises a downward pull upon the rear upper corner d of
the structure and an upward pull upon the front lower corner e, as indicated
by the arrows. This causes the corner d to move downward and the corner e
to move upward. As the corner e moves upward it carries the corner a
upward with it, since the intermediate standard 8 is substantially rigid and
maintains an equal distance between the corners a and e at all times.
Similarly, the standard 8, connecting the corners d and h, causes the corner h
to move downward in unison with the corner d. Since the corner a thus
moves upward and the corner h moves downward, that portion of the rope
19 connected to the comer a will be pulled upward through the pulley 20 at
the corner h, and the pull thus exerted on the rope 19 will pull the corner b
on the other side of the machine downward and at the same time pull the
corner g at said other side of the machine upward. This results in a
downward movement of the corner b and an upward movement of the
corner c. Thus it results from a lateral movement of the cradle 18 to the right
in Fig. 1 that the lateral margins a d and e h at one side of the machine are
moved from their normal positions, in which they lie in the normal planes of
their respective aeroplanes, into angular relations with said normal planes,
each lateral margin on this side of the machine being raised above said
normal plane at its forward end and depressed below said normal plane at its
rear end, said lateral margins being thus inclined upward and forward. At
the same time a reverse inclination is imparted to the lateral margins b c and
f g at the other side of the machine, their inclination being downward and
forward. These positions are indicated in dotted lines in Fig. 1 of the
drawings. A movement of the cradle 18 in the opposite direction from its
normal position will reverse the angular inclination of the lateral margins of
the aeroplanes in an obvious manner. By reason of this construction it will
be seen that with the particular mode of construction now under
consideration it is possible to move the forward corner of the lateral edges
of the aeroplane on one side of the machine either above or below the
normal planes of the aeroplanes, a reverse movement of the forward corners
of the lateral margins on the other side of the machine occurring
simultaneously. During this operation each aeroplane is twisted or distorted
around a line extending centrally across the same from the middle of one
lateral margin to the middle of the other lateral margin, the twist due to the
moving of the lateral margins to different angles extending across each
aeroplane from side to side, so that each aeroplane-surface is given a
helicoidal warp or twist. We prefer this construction and mode of operation
for the reason that it gives a gradually-increasing angle to the body of each
aeroplane from the central longitudinal line thereof outward to the margin,
thus giving a continuous surface on each side of the machine, which has a
gradually increasing or decreasing angle of incidence from the center of the
machine to either side. We wish it to be understood, however, that our
invention is not limited to this particular construction, since any
construction whereby the angular relations of the lateral margins of the
aeroplanes may be varied in opposite directions with respect to the normal
planes of said aeroplanes comes within the scope of our invention.
Furthermore, it should be understood that while the lateral margins of the
aeroplanes move to different angular positions with respect to or above and
below the normal planes of said aeroplanes it does not necessarily follow
that these movements bring the opposite lateral edges to different angles
respectively above and below a horizontal plane, since the normal planes of
the bodies of the aeroplanes are inclined to the horizontal when the machine
is in flight, said inclination being downward from front to rear, and while
the forward corners on one side of the machine may be depressed below the
normal planes of the bodies of the aeroplanes said depression is not
necessarily sufficient to carry them below the horizontal planes passing

through the rear corners on that side. Moreover, although we prefer to so
construct the apparatus that the movements of the lateral margins on the
opposite sides of the machine are equal in extent and opposite in direction,
yet our invention is not limited to a construction producing this result, since
it may be desirable under certain circumstances to move the lateral margins
on one side of the machine in the manner just described without moving the
lateral margins on the other side of the machine to an equal extent in the
opposite direction. Turning now to the purpose of this provision for moving
the lateral margins of the aeroplanes in the manner described, it should be
premised that owing to various conditions of wind-pressure and other causes
the body of the machine is apt to become unbalanced laterally, one side
tending to sink and the other side tending to rise, the machine turning
around its central longitudinal axis. The provision which we have just
described enables the operator to meet this difficulty and preserve the lateral
balance of the machine. Assuming that for some cause that side of the
machine which lies to the left of the observer in Figs. 1 and 2 has shown a
tendency to drop downward, a movement of the cradle 18 to the right of said
figures, as hereinbefore assumed, will move the lateral margins of the
aeroplanes in the manner already described, so that the margins a d and e h
will be inclined downward and rearward and the lateral margins b c and f g
will be inclined upward and rearward with respect to the normal planes of
the bodies of the aeroplanes. With the parts of the machine in this position it
will be seen that the lateral margins a d and e h present a larger angle of
incidence to the resisting air, while the lateral margins on the other side of
the machine present a smaller angle of incidence. Owing to this fact, the
side of the machine presenting the larger angle of incidence will tend to lift
or move upward, and this upward movement will restore the lateral balance
of the machine. When the other side of the machine tends to drop, a
movement of the cradle 18 in the reverse direction will restore the machine
to its normal lateral equilibrium. Of course the same effect will be produced
in the same way in the case of a machine employing only a single aeroplane.
In connection with the body of the machine as thus operated we employ a
vertical rudder or tail 22, so supported as to turn around a vertical axis. This
rudder is supported at the rear ends of supports or arms 23, pivoted at their
forward ends to the rear margins of the upper and lower aeroplanes,
respectively. These supports are preferably V-shaped, as shown, so that their
forward ends are comparatively widely separated, their pivots being
indicated at 24. Said supports are free to swing upward at their free rear
ends, as indicated in dotted lines in Fig. 3, their downward movement being
limited in any suitable manner. The vertical pivots of the rudder 22 are
indicated at 25, and one of these pivots has mounted thereon a sheave or
pulley 26, around which passes a tiller-rope 27, the ends of which are
extended out laterally and secured to the rope 19 on opposite sides of the
central point of said rope. By reason of this construction the lateral shifting
of the cradle 18 serves to turn the rudder to one side or the other of the line
of flight. It will be observed in this connection that the construction is such
that the rudder will always be so turned as to present its resisting-surface on
that side of the machine on which the lateral margins of the aeroplanes
present the least angle of resistance. The reason of this construction is that
when the lateral margins of the aeroplanes are so turned in the manner
hereinbefore described as to present different angles of incidence to the
atmosphere that side presenting the largest angle of incidence, although
being lifted or moved upward in the manner already described, at the same
time meets with an increased resistance to its forward motion, and is
therefore retarded in its forward motion, while at the same time the other
side of the machine, presenting a smaller angle of incidence, meets with less
resistance to its forward motion and tends to move forward more rapidly
than the retarded side. This gives the machine a tendency to turn around its
vertical axis, and this tendency if not properly met will not only change the
direction of the front of the machine, but will ultimately permit one side
thereof to drop into a position vertically below the other side with the
aeroplanes in vertical position, thus causing the machine to fall. The
movement of the rudder hereinbefore described prevents this action, since it
exerts a retarding influence on that side of the machine which tends to move
forward too rapidly and keeps the machine with its front properly presented
to the direction of flight and with its body properly balanced around its
central longitudinal axis. The pivoting of the supports 23 so as to permit
them to swing upward prevents injury to the rudder and its supports in case
the machine alights at such an angle as to cause the rudder to strike the
ground first, the parts yielding upward, as indicated in dotted lines in Fig. 3,
and thus preventing injury or breakage. We wish it to be understood,
however, that we do not limit ourselves to the particular description of
rudder set forth, the essential being that the rudder shall be vertical and shall

be so moved as to present its resisting-surface on that side of the machine
which offers the least resistance to the atmosphere, so as to counteract the
tendency of the machine to turn around a vertical axis when the two sides
thereof offer different resistances to the air.
From the central portion of the front of the machine struts 28 extend
horizontally forward from the lower aeroplane, and struts 29 extend
downward and forward from the central portion of the upper aeroplane, their
front ends being united to the struts 28, the forward extremities of which are
turned up, as indicated at 30. These struts 28 and 29 form truss-skids
projecting in front of the whole frame of the machine and serving to prevent
the machine from rolling over forward when it alights. The struts 29 serve to
brace the upper portion of the main frame and resist its tendency to move
forward after the lower aeroplane has been stopped by its contact with the
earth, thereby relieving the rope 19 from undue strain, for it will be
understood that when the machine comes into contact with the earth further
forward movement of the lower portion thereof being suddenly arrested the
inertia of the upper portion would tend to cause it to continue to move
forward if not prevented by the struts 29, and this forward movement of the
upper portion would bring a very violent strain upon the rope 19, since it is
fastened to the upper portion at both of its ends, while its lower portion is
connected by the guides 20 to the lower portion. The struts 28 and 29 also
serve to support the front or horizontal rudder, the construction of which we
will now proceed to describe.
The front rudder 31 is a horizontal rudder having a flexible body, the
same consisting of three stiff cross-pieces or sticks 32, 33, and 34, and the
flexible ribs 35, connecting said cross-pieces and extending from front to
rear. The frame thus provided is covered by a suitable fabric stretched over
the same to form the body of the rudder. The rudder is supported from the
struts 29 by means of the intermediate cross-piece 32, which is located near
the center of pressure slightly in front of a line equidistant between the front
and rear edges of the rudder, the cross-piece 32 forming the pivotal axis of
the rudder, so as to constitute a balanced rudder. To the front edge of the
rudder there are connected springs 36; which springs are connected to the
upturned ends 30 of the struts 28, the construction being such that said
springs tend to resist any movement either upward or downward of the front
edge of the horizontal rudder. The rear edge of the rudder lies immediately
in front of the operator and may be operated by him in any suitable manner.
We have shown a mechanism for this purpose comprising a roller or shaft
37, which may be grasped by the operator so as to turn the same in either
direction. Bands 38 extend from the roller 37 forward to and around a
similar roller or shaft 39, both rollers or shafts being supported in suitable
bearings on the struts 28. The forward roller or shaft has rearwardly
extending arms 40, which are connected by links 41 with the rear edge of
the rudder 31. The normal position of the rudder 31 is neutral or
substantially parallel with the aeroplanes 1 and 2; but its rear edge may be
moved upward or downward, so as to be above or below the normal plane of
said rudder through the mechanism provided for that purpose. It will be seen
that the springs 36 will resist any tendency of the forward edge of the rudder
to move in either direction, so that when force is applied to the rear edge of
said rudder the longitudinal ribs 35 bend, and the rudder thus presents a
concave surface to the action of the wind either above or below its normal
plane; said surface presenting a small angle of incidence at its forward
portion and said angle of incidence rapidly increasing toward the rear. This
greatly increases the efficiency of the rudder as compared with a plane
surface of equal area. By regulating the pressure on the upper and lower
sides of the rudder through changes of angle and curvature in the manner
described a turning movement of the main structure around its transverse
axis may be effected, and the course of the machine may thus be directed
upward or downward at the will of the operator and the longitudinal balance
thereof maintained.
Contrary to the usual custom, we place the horizontal rudder in front of
the aeroplanes at a negative angle and employ no horizontal tail at all. By
this arrangement we obtain a forward surface which is almost entirely free
from pressure under ordinary conditions of flight, but which even if not
moved at all from its original position becomes an efficient lifting-surface
whenever the speed of the machine is accidentally reduced very much below
the normal, and thus largely counteracts that backward travel of the center
of pressure on the aeroplanes which has frequently been productive of
serious injuries by causing the machine to turn downward and forward and
strike the ground head-on. We are aware that a forward horizontal rudder of
different construction has been used in combination with a supportingsurface and a rear horizontal rudder; but this combination was not intended

to effect and does not effect the object which we obtain by the arrangement
hereinbefore described.
We have used the term “aeroplane” in this specification and the appended
claims to indicate the supporting-surface or supporting-surfaces by means of
which the machine is sustained in the air, and by this term we wish to be
understood as including any suitable supporting-surface which normally is
substantially flat, although of course when constructed of cloth or other
flexible fabric, as we prefer to construct them, these surfaces may receive
more or less curvature from the resistance of the air, as indicated in Fig. 3.
We do not wish to be understood as limiting ourselves strictly to the
precise details of construction hereinbefore described and shown in the
accompanying drawings, as it is obvious that these details may be modified
without departing from the principles of our invention. For instance, while
we prefer the construction illustrated in which each aeroplane is given a
twist along its entire length in order to set its opposite lateral margins at
different angles we have already pointed out that our invention is not limited
to this form of construction, since it is only necessary to move the lateral
marginal portions, and where these portions alone are moved only those
upright standards which support the movable portion require flexible
connections at their ends.
Having thus fully described our invention, what we claim as new, and
desire to secure by Letters Patent, is —

1. In a flying-machine, a normally flat aeroplane having lateral
marginal portions capable of movement to different positions above or
below the normal plane of the body of the aeroplane, such movement
being about an axis transverse to the line of flight, whereby said lateral
marginal portions may be moved to different angles relatively to the
normal plane of the body of the aeroplane, so as to present to the
atmosphere different angles of incidence, and means for so moving said
lateral marginal portions, substantially as described.
2. In a flying-machine, the combination with two normally parallel
aeroplanes, superposed the one above the other, of upright standards
connecting said planes at their margins, the connections between the
standards and aeroplanes at the lateral portions of the aeroplanes being
by means of flexible joints, each of said aeroplanes having lateral
marginal portions capable of movement to different positions above or
below the normal plane of the body of the aeroplane, such movement
being about an axis transverse to the line of flight, whereby said lateral
marginal portions may be moved to different angles relatively to the
normal plane of the body of the aeroplane, so as to present to the
atmosphere different angles of incidence, the standards maintaining a
fixed distance between the portions of the aeroplanes which they
connect, and means for imparting such movement to the lateral
marginal portions of the aeroplanes, substantially as described.
3. In a flying-machine, a normally flat aeroplane having lateral
marginal portions capable of movement to different positions above or
below the normal plane of the body of the aeroplane, such movement
being about an axis transverse to the line of flight, whereby said lateral
marginal portions may be moved to different angles relatively to the
normal plane of the body of the aeroplane, and also to different angles
relatively to each other, so as to present to the atmosphere different
angles of incidence, and means for simultaneously imparting such
movement to said lateral marginal portions, substantially as described.
4. In a flying-machine, the combination, with parallel superposed
aeroplanes, each having lateral marginal portions capable of movement to
different positions above or below the normal plane of the body of the
aeroplane, such movement being about an axis transverse to the line of
flight, whereby said lateral marginal 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
different angles of incidence, of uprights connecting said aeroplanes at their
edges, the uprights connecting the lateral portions of the aeroplanes being
connected with said aeroplanes by flexible joints, and means for
simultaneously imparting such movement to said lateral marginal portions,
the standards maintaining a fixed distance between the parts which they
connect, whereby the lateral portions on the same side of the machine are
moved to the same angle, substantially as described.
5. In a flying-machine, an aeroplane having substantially the form of a
normally flat rectangle elongated transversely to the line of flight, in
combination with means for imparting to the lateral margins of said
aeroplane a movement about an axis lying in the body of the aeroplane

perpendicular to said lateral margins, and thereby moving said lateral
margins into different angular relations to the normal plane of the body of
the aeroplane, substantially as described.
6. In a flying machine, the combination, with two superposed and
normally parallel aeroplanes, each having substantially the form of a
normally flat rectangle elongated transversely to the line of flight, of upright
standards connecting the edges of said aeroplanes to maintain their
equidistance, those standards at the lateral portions of said aeroplanes being
connected therewith by flexible joints, and means for simultaneously
imparting to both lateral margins or both aeroplanes a movement about axes
which are perpendicular to said margins and in the planes of the bodies of
the respective aeroplanes, and thereby moving the lateral margins on the
opposite sides of the machine into different angular relations to the normal
planes of the respective aeroplanes, the margins on the same side of the
machine moving to the same angle, and the margins on one side of the
machine moving to an angle different from the angle to which the margins
on the other side of the machine move, substantially as described.
7. In a flying-machine, the combination, with an aeroplane, and means for
simultaneously moving the lateral portions thereof into different angular
relations to the normal plane of the body of the aeroplane and to each other,
so as to present to the atmosphere different angles of incidence, of a vertical
rudder, and means whereby said rudder is caused to present to the wind that
side thereof nearest the side of the aeroplane having the smaller angle of
incidence and offering the least resistance to the atmosphere, substantially
as described.
8. In a flying-machine, the combination, with two superposed and
normally parallel aeroplanes, upright standards connecting the edges of said
aeroplanes to maintain their equidistance, those standards at the lateral
portions of said aeroplanes being connected therewith by flexible joints, and
means for simultaneously moving both lateral portions of both aeroplanes
into different angular relations to the normal planes of the bodies of the
respective aeroplanes, the lateral portions on one side of the machine being
moved to an angle different from that to which the lateral portions on the
other side of the machine are moved, so as to present different angles of
incidence at the two sides of the machine, of a vertical rudder, and means
whereby said rudder is caused to present to the wind that side thereof
nearest the side of the aeroplanes having the smaller angle of incidence and
offering the least resistance to the atmosphere, substantially as described.
9. In a flying-machine, an aeroplane normally flat and elongated
transversely to the line of flight, in combination with means for imparting to
said aeroplane a helicoidal warp around an axis transverse to the line of
flight and extending centrally along the body of the aeroplane in the
direction of the elongation of the aeroplane, substantially as described.
10. In a flying-machine, two aeroplanes, each normally flat and elongated
transversely to the line of flight, and upright standards connecting the edges
of said aeroplanes to maintain their equidistance, the connections between
said standards and aeroplanes being by means of flexible joints, in
combination with means for simultaneously imparting to each of said
aeroplanes a helicoidal warp around an axis transverse to the line of flight
and extending centrally along the body of the aeroplane in the direction of
the elongation of the aeroplane, substantially as described.
11. In a flying-machine, two aeroplanes, each normally flat and elongated
transversely to the line of flight, and upright standards connecting the edges
of said aeroplanes to maintain their equidistance, the connections between
such standards and aeroplanes being by means of flexible joints, in
combination with means for simultaneously imparting to each of said
aeroplanes a helicoidal warp around an axis transverse to the line of flight
and extending centrally along the body of the aeroplane in the direction of
the elongation of the aeroplane, a vertical rudder, and means whereby said
rudder is caused to present to the wind that side thereof nearest the side of
the aeroplanes having the smaller angle of incidence and offering the least
resistance to the atmosphere, substantially as described.
12. In a flying-machine, the combination, with an aeroplane, of a
normally flat and substantially horizontal flexible rudder, and means for
curving said rudder rearwardly and upwardly or rearwardly and downwardly
with respect to its normal plane, substantially as described.
13. In a flying-machine, the combination, with an aeroplane, of a
normally flat and substantially horizontal flexible rudder pivotally mounted
on an axis transverse to the line of flight near its center, springs resisting
vertical movement of the front edge of said rudder, and means for moving
the rear edge of said rudder above or below the normal plane thereof,
substantially as described.

14. A flying-machine comprising superposed connected aeroplanes,
means for moving the opposite lateral portions of said aeroplanes to
different angles to the normal planes thereof, a vertical rudder, means for
moving said vertical rudder toward that side of the machine presenting the
smaller angle of incidence and the least resistance to the atmosphere, and a
horizontal rudder provided with means for presenting its upper or under
surface to the resistance of the atmosphere, substantially as described.
15. A flying-machine comprising superposed connected aeroplanes,
means for moving the opposite lateral portions of said aeroplanes to
different angles to the normal planes thereof, a vertical rudder, means for
moving said vertical rudder toward that side of the machine presenting the
smaller angle of incidence and the least resistance to the atmosphere, and a
horizontal rudder provided with means for presenting its upper or under
surface to the resistance of the atmosphere, said vertical rudder being
located at the rear of the machine and said horizontal rudder at the front of
the machine, substantially as described.
16. In a flying-machine, the combination, with two superposed and
connected aeroplanes, of an arm extending rearward from each aeroplane,
said arms being parallel and free to swing upward at their rear ends, and a
vertical rudder pivotally mounted in the rear ends of said arms, substantially
as described.
17. A flying-machine comprising two superposed aeroplanes, normally
flat but flexible, upright standards connecting the margins of said aeroplanes,
said standards being connected to said aeroplanes by universal joints,
diagonal stay-wires connecting the opposite ends of the adjacent standards,
a rope extending along the front edge of the lower aeroplane, passing
through guides at the front corners thereof, and having its ends secured to
the rear corners of the upper aeroplane, and a rope extending along the rear
edge of the lower aeroplane, passing through guides at the rear corners
thereof, and having its ends secured to the front corners of the upper
aeroplane, substantially as described.
18. A flying-machine comprising two superposed aeroplanes, normally
flat but flexible, upright standards connecting the margins of said aeroplanes,
said standards being connected to said aeroplanes by universal joints,
diagonal stay-wires connecting the opposite ends of the adjacent standards,
a rope extending along the front edge of the lower aeroplane, passing
through guides at the front corners thereof, and having its ends secured to
the rear corners of the upper aeroplane, and a rope extending along the rear
edge of the lower aeroplane, passing through guides at the rear corners
thereof, and having its ends secured to the front corners of the upper
aeroplane, in combination with a vertical rudder, and a tiller-rope
connecting said rudder with the rope extending along the rear edge of the
lower aeroplane, substantially as described.
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To all whom it may concern:
Be it known that we, ORVILLE WRIGHT and WILBUR WRIGHT, citizens of
the United States, residing at Dayton, in the county of Montgomery and
State of Ohio, have invented certain new and useful Improvements in
Flying-Machines, of which the following is a specification, reference being
had therein to the accompanying drawings.
The present invention relates to that class of flying machines in which the
weight is sustained by the reactions resulting when one or more aeroplanes
are moved through the air edgewise at a small angle of incidence, either by
the application of mechanical power or by the utilization of the force of
gravity.
The object of the invention is to provide automatic controlling mechanism
for maintaining the balance of the machine about longitudinal, lateral and
vertical axes.
With this object in view our invention consists in certain novel features of
construction and in certain parts and combinations hereinafter to be
described, and then more particularly pointed out in the claims.
In the accompanying drawings, Figure 1 is a front elevation of a flying
machine embodying our invention; Fig. 2 is a transverse section, taken on
the line x x of Fig. 1 and looking in the direction of the arrows; Fig. 3 is a
horizontal sectional view, taken on the line y y 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; Fig. 5 is a detail view of the air cylinder and its controlling 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
transverse 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 horizontal rudder; and Fig. 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 machine of the general
type shown and described in Patent No. 821,393 for flying machines,
granted to us May 22, 1906, but it is obvious that the detail construction and
arrangement of this embodiment of the invention could be varied, and that
the same could be applied to any flying machine having operable parts for
controlling its equilibrium, whether these parts consist of adjustable surfaces
or rudders, or of movable counterbalancing weights.
The machine herein shown consists of two superposed aeroplanes, 1 and 2,
connected one to the other by means of rigid upright members 3, the upright
members being preferably connected at their opposite ends to the respective
aeroplanes by means of suitable flexible joints 4, that herein shown
consisting 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 flight of the machine
than in the direction of the line of flight. These frames are provided with a
suitable covering of fabric 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 connections between the same and the
aeroplanes, the connection being here shown as a hook and eye, the hooks
forming part of the connecting members 4, by means of which the upright
members 3 are secured to the aeroplanes. Near the center of the machine
truss rods a are provided, which fix the fore and aft position of the upper
and lower aeroplanes in relation to each other. The rear margins of the
opposite lateral portions of the aeroplanes are connected by the upright
members 3, and are immovably trussed only in the central portions.
A twist may be imparted to the aeroplanes in any suitable manner, but we
prefer that herein shown which consists in providing 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 portion of
which extends about guides 7. The opposite ends of the cable are preferably
bifurcated, as shown in Fig. l, and connected at different points along the
rear margins of the lateral portions of the aeroplanes, thus distributing the
strain along a considerable portion of the aeroplane and causing the same to
twist uniformly and avoid the liability of the frame buckling. A second cable
8, similar to the cable 6, is 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 length that when their
opposite ends are connected 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 connecting members 3,
the corresponding portion of the lower aeroplane will likewise be moved
downwardly. The downward movement 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 medium of the
connecting members 3, the corresponding portion of the upper aeroplane is
also moved upwardly, thereby imparting a helicoidal twist to both
aeroplanes and causing the opposite lateral portions thereof 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 portions of the aeroplanes being presented to the atmosphere
at different angles of incidence also offer different resistances to the forward
movement of the corresponding portion of the aeroplanes, which causes one
end of the machine to travel at a greater rate of speed than the other, thereby
disturbing the balance of the aeroplanes about a vertical axis. To counteract
this tendency, we provide means for creating a turning force in the opposite
direction. This means may be of any kind, but we prefer a vertical rudder.
This 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 center thereof and are
provided at their outer ends with suitable bearings 12 adapted to receive the
stud shafts carried by the brackets 13 provided at the opposite ends of the
vertical rudder 10. A suitable drum or pulley 14 is provided, preferably on
the bracket 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 desirable that the angle of
incidence at which the aeroplanes as a whole are presented to the
atmosphere be varied. Suitable mechanism is, therefore, provided for
governing the inclination of the main aeroplanes. This mechanism is, in the
present instance, shown as a horizontal rudder 16 which is journaled 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 aeroplane, 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
operating mechanism for adjusting the position of the rudder.
In the form of the invention herein shown, the cable 21 operating the
horizontal rudder 16, is passed about a suitable drum or pulley 22 rigidly
mounted on the shaft 23, which, in turn, is mounted in suitable brackets 24,
preferably mounted on the lower aeroplane, the drum 22 being provided
with a suitable operating handle 25 for actuating the same to control the
position of the rudder 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 provided in its periphery with a notch
27, adapted to receive a dog 28 which is slidably mounted in a suitable
bracket 29 on the handle 25 and is provided with suitable means for
actuating the same, such as the handle 30 and connecting links 3l. Thus, the
drum 22 can be actuated to adjust the rudder 16 by hand, or the same may
be positively connected to the automatically actuated 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 fluid 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 reduced
portion 35. The enlarged portion 34 is provided with a suitable piston 36
which in turn has a member 37 having an exterior diameter slightly less than
the interior diameter of the reduced portion 35 of the cylinder and adapted to
serve as a piston rod for the piston 36 and as a piston for the reduced portion
35 of the cylinder, both pistons being provided with outwardly turned
flexible cups 38. Suitable means are provided for connecting the piston with
the drum 22 which operates the rudder 16. This connection may be made in
any suitable manner, but we prefer the means herein shown 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 opposite 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
cylinder, and engage the piston 37, thus causing the drum 22 to be rotated as
the pistons 36 and 37 reciprocate within the cylinder 32. The reduced
portion 35 of the cylinder is connected with an air storage receptacle 39,
which is preferably supported from the upper aeroplane, by means of a pipe
40, which pipe is normally in open communication with both the cylinder
and the air storage tank 39. A constant air pressure is therefore exerted on
the piston 37. 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 cylinder. This
three-way valve preferably consists of a valve casing 43, provided at its
upper and lower ends with suitable connections 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 43 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 45 is provided with a suitable operating handle or arm 49
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 gravity. But the location
of the center of pressure is dependent upon the angle of inclination of the
aeroplane to the wind, and varies with each change in the angle of
inclination. On the other hand every change in the location of the center of
pressure disturbs the balance of the machine and tilts the aeroplanes to a
different angle. Thus effects become causes in turn. The trouble grows very
rapidly, and, unless promptly corrected, results in a complete overturning of
the whole machine. We aim to control the trouble by detecting the changes
in the angle of incidence at the moment they occur, and, by introducing
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
horizontal plane 50, mounted upon the frame of the machine at a small
negative angle with reference to the main aeroplanes, in such a manner as to
permit the same to have a limited vertical movement, and so connected to
the arm 49 of the valve member 45 as to actuate the valve as the regulating
plane moves up or down. But in order to cause the machine to rise or
descend or to maintain an approximately horizontal course, it is necessary to
change the angle between the regulating plane and the main aeroplane.
Means of adjustment of some kind, which will permit the angle between the
small regulating 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 connected to the frame of the machine and which extend
downwardly substantially parallel with the upright members 3. Pivotally
connected to each of the arms 51 are links 53, which are approximately
parallel and extend 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 provided with two links 53, spaced a
slight distance one above the other, and pivotally connected at their outer

ends by a connecting member 54, and the vane 50 is rigidly mounted
between the connecting members 54. The two upper links 53 are rigidly
mounted on a shaft 53'. The vane 50 may be mounted upon a single arm, in
which case its angle to the main aeroplanes would be slightly altered 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 counterbalance is preferably provided by extending one or more of
the links 53 rearwardly beyond the arm 51 and providing the same with
suitable weights 55. The frame supporting 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 connected to the arm 49 by means of a
pivoted connecting bar or link 56. Suitable means are also provided for
adjusting the frame and the vane 50 carried thereby relatively to the
aeroplanes and for securing the same in adjusted position. The pivotal
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
mechanism is provided by extending one of the arms 51 downwardly to
form a handle 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
engagement between the handle and the gripping 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,
these stops consist of lugs 61 extending outwardly on opposite sides of one
of the members 53 and provided with suitable adjustable 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 aeroplanes 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 34 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 pistons 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 decreasing
the angle of incidence of the aeroplanes and also of the vane 50 and causing
the air 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
member 45, thus bringing the exhaust port 48 in alinement with the exhaust
outlet 44, thereby opening the enlarged portion 34 of the cylinder to the
atmosphere and permitting the air pressure within the reduced portion 35 to
raise the piston, and, through the medium of the crank arm 58 and drum 22,
to move the rudder 16 in the opposite direction, thus again moving the
aeroplanes to an increased angle of incidence. These operations are repeated
successively until the movement of the vane 50 has been gradually reduced
and the vane 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 turbulent winds, will be slight. The particular angle of
incidence of the air currents to the aeroplane at which the pressure changes
from one side of the vane to the other we have denominated the critical
angle of incidence. 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 mechanism already described. Therefore, by providing
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
automatically maintained, and thus have enabled the driver to direct the
machine along a rising or a descending course without interrupting the
working of the automatic-controlling 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 arms 153 are connected with the valve arm 49 by means
of a link or connecting rod 156 pivoted to the arms 153 at a point between
their pivotal centers and their inner ends. The vane 150 is actuated 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 position, and causes the aeroplane to
be automatically maintained at a definite angle of incidence. If the arm 51 is
adjusted to a new position by 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 3. But the valve member 45 will be
rotated away from the neutral position, and the aeroplane will not be
automatically maintained at the original angle of incidence, but brought to
and maintained at a new one. Means are thus provided for varying the angle
of incidence at which the aeroplane will be automatically maintained,
without interrupting the operation of the automatic mechanism.
As hereinbefore stated, any suitable means may be provided for adjusting
the twist of the opposite lateral portions of the aeroplanes and for
compensating inequalities in the resistance of the right and left wings when
adjusted to different angles with reference to each other. The means for
accomplishing 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 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 73. 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 automatically operating the drums 65 and 74, we provide an air
cylinder 78, similar in construction to the cylinder 32, and connect the
piston thereof with the disk 69 by means of a suitable connecting rod 79.
This cylinder, 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 connected 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, similar in construction to the valve 42 in the pipe 41. The arm 83
of the valve 82 is connected by means of a link 84 with one arm 85 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 length than the arm 85
and extending downwardly to a point near the lower aeroplane, where it is
provided with a suitable weight 88, thus forming a pendulum. Suitable stops
90 may be provided to regulate the motion of the pendulum. Under normal
conditions the pendulum 87 is at substantially right angles to the aeroplanes
and maintains the valve 82 in its closed position, thus holding the piston in
the cylinder 78 against movement. But should one end of the machine rise to
a higher level than the opposite end, as shown in Fig. 4, the pendulum 87
will swing toward the lower end of the machine, thus operating the valve 82
to admit pressure at one end of the piston and move the same longitudinally
of the cylinder. Thus, through the medium of the connecting rod 79, and the
disk 69, the drums 65 and 74 are rotated, thereby adjusting the opposite
lateral portions of the aeroplanes and the vertical rudder 10 to such a
position as to counteract the influence which is causing the aeroplanes to tilt
and in that manner regulate the disturbances of balance about a vertical axis.
The first swing of the pendulum is such as to carry the rudder and
aeroplanes beyond the neutral point, and, consequently, 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
machine maintains its lateral balance. If it is desired to drive the machine in
a circle, the 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 position 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 machine is 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 horizontal positions respectively, but it will be obvious that the
arrangement of these cylinders is immaterial and that they may be placed in
any convenient position. Any suitable means may be provided for operating
the balancing devices according to the movements of the automatic
regulating vane, but we prefer the fluid-operated mechanism herein shown.
Further, the automatic regulating or controlling vane 50 may be placed in
any suitable position relatively to the aeroplanes 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 operation of the several parts and it will be apparent that we have
provided automatic means, whereby the fore and aft balance of the machine
may be maintained at a determined angle of incidence, and means whereby
the angle of incidence at which the machine 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 machine, 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 vertical 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.
It will be understood that the automatic regulating mechanisms herein
described may be applied to any form of flying machine having movable
parts, and we wish it to be understood that we do not desire to be limited to
the exact details of construction shown and described, for obvious
modifications will occur to a person skilled in the art.
Having thus fully described our invention, 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
supporting-surface and operable means for maintaining the balance thereof,
of a vane adapted, as the machine advances, to be actuated by air currents,
and means controlled by said vane when so actuated for operating said
balancing mechanism.
2. In a flying machine, the combination, with an aeroplane constituting a
supporting-surface and operable means for controlling the balance thereof,
of a movable horizontal vane adapted to be actuated by air currents
whenever the course of the machine varies from the plane of said vane, and
means controlled by said vane for operating said balancing mechanism.
3. In a flying machine, the combination, with an aeroplane constituting a
supporting-surface, and an adjustable rudder for maintaining the balance
thereof, of a movable vane operatively connected to said rudder and adapted
to be actuated by air currents.
4. In a flying machine, the combination, with an aeroplane constituting a
supporting-surface, and an adjustable horizontal rudder for maintaining the
fore and aft balance thereof, of a movable vane adapted 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
supporting-surface, and an adjustable horizontal rudder for governing the
inclination thereof, 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 aeroplane is less or greater than the angle
of said vane to said aeroplane, and means controlled 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 actuating said balancing
mechanism, of a vane adapted to be actuated by air currents, movably
mounted on said machine and operatively connected to said actuating
mechanism, 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 actuating said balancing
mechanism, of a vane adapted to be actuated by air currents movably
mounted on said machine and operatively connected to said actuating
mechanism by adjustable connections which permit the particular angle of
incidence at which the aeroplane is automatically maintained to be change.

8. In a flying machine, the combination, with an aeroplane, operable
means for maintaining the balance thereof, and means for actuating said
balancing mechanism, a horizontal vane adapted to be actuated by air
currents and operatively connected to said balancing mechanism, of means
for adjusting the angle between the vane and aeroplane 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 actuating said balancing
mechanism, of a horizontal vane movably mounted on said machine 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 actuating said balancing
mechanism, of vertically extending arms pivotally connected to said
machine, horizontally extending links pivotally connected to said arms,
vertical members connecting the extremities of said links, a horizontal vane
supported by said members, and means for operatively connecting said vane
to said actuating mechanism.
11. In a flying machine, the combination, with an aeroplane, means for
maintaining the balance thereof, and means for actuating said balancing
mechanism, of a vane movably mounted on said machine and operatively
connected to said actuating mechanism, means for adjusting the angle of
said vane with said aeroplane, and means for securing the same in its
adjusted position.
12. In a flying machine, the combination, with an aeroplane, means for
maintaining the balance thereof, and a cable for operating 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 on 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 handle operatively
connected with said means, of automatic mechanism for controlling the
operation of said balancing mechanism, and means for making and breaking
the connection between the automatic mechanism and the balancing
mechanism.
14. In a flying machine, the combination, with an aeroplane having
portions capable of facing forward at different angles of incidence on the
right and left sides, and means of regulating resultant disturbances of
balance about a vertical axis, of mechanism for adjusting said portions, and
automatic means for controlling the action of said mechanism.
15. In a flying machine, the combination, with an aeroplane, and
horizontal surfaces to the right and left of the center of the machine which
can be adjusted to different angles of incidence for regulating the lateral
balance, means for regulating resultant disturbances of balance 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 said pendulum to both of said
adjusting mechanisms.
16. In a flying machine, the combination, with an aeroplane, means for
maintaining the lateral balance thereof, and cables for operating said
balancing mechanism, of a plurality of drums mounted on said machine and
adapted to engage said cables, means for actuating said drums in unison, and
means for adjusting one of said drums relatively to the other.
17. In a flying machine, the combination, with an aeroplane, and means
for maintaining the lateral balance thereof, of a fluid 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 portion of said cylinder to said source of fluid supply, a valve in
said pipe, and means for automatically operating said valve.
18. In a flying machine, the combination, with an aeroplane, and means
for maintaining the balance thereof, of fluid operated mechanism
operatively connected to said balancing mechanism, and a vane for
automatically 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 different angles of incidence, and means for regulating
resultant disturbances of balance about a vertical axis, of a pendulum
mounted so as to move transversely of the line of flight, and operatively
connected with one of said means so as to control the action thereof.

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.
21. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being twisted so as to face forward on the right and left
sides at different angles of incidence, and means for producing said twists,
of automatic means for controlling 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 different angles of incidence, and means for regulating
resultant disturbances of balance about a vertical axis, of a pendulum
mounted so as to move transversely to the line of flight and operatively
connected with both of said means so as to control the action thereof.
23. In a flying machine, the combination, with an aeroplane constituting a
supporting-surface, and means for maintaining the balance thereof, of a
movable vane, and means regulated by the movement of said vane for
operating said balancing mechanism.
24. In a flying machine, the combination, with an aeroplane constituting a
supporting surface, of a movable vane, and means controlled by the
movement of said vane for regulating the angle of incidence of said
aeroplane.
25. An aeroplane, including in combination a transversely extended planar
member, means for moving its outer edges on either side out of the normal
plane, connections between the edges on one side and on the other to cause
them to have corresponding but opposite movements in order to impart to
the aeroplane a tendency to rotate about its longitudinal axis, and means
governed 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 coöperating with the
same to automatically twist said plane and change the angularity of portions
thereof to the air pressure to restore equilibrium of the machine when the
latter tilts.
27. A flying machine, having, in combination, an aeroplane of
substantially rectangular form having an unbroken surface, elongated
transversely to the line of flight, and automatic means for imparting to the
opposite lateral end portions of said aeroplane a movement about an axis
lying in the body of the aeroplane perpendicular to the lateral margins of
said end portions, and thereby moving them to different angular relations to
the normal plane of the body of the aeroplane.
28. A flying machine, having, in combination, an aeroplane normally flat
and elongated transversely to the line of flight, and automatic means for
imparting to said aeroplane a helicoidal warp around an axis transverse to
the line of flight and extending centrally along the body of the aeroplane in
the direction of its elongation.
29. A flying machine, having, in combination, parallel superposed
aeroplanes, the opposite lateral end portions of each being capable of
movement to different positions above or below the normal plane of the
body of the aeroplane, such movement 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
different angles of incidence, uprights connecting said aeroplanes at their
edges by flexible joints, and automatic means for simultaneously imparting
such movement to said lateral end portions, the upright maintaining a fixed
distance between the parts which they connect, whereby the lateral end
portions on the same side of the machine are moved to the same angle.
30. In a flying machine a steering surface and a controlling surface
operatively connected 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 connected 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 horizontal, when the machine is in a normal
horizontal 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 being free to move bodily, and being guided to
maintain definite angularity with respect to said lifting plane.
33. In a flying machine, a steering surface, and a controlling surface
operatively connected with said steering surface, said controlling
surface having a limited freedom of bodily movement, and means for
operating said steering surface independently of said controlling surface.
34. 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 controlling surface and said firstmentioned means.
35. In a flying machine, a steering surface, a controlling surface free
to move bodily, means for manually operating said steering surface
independently of said controlling surface, and means for adjustably
connecting said controlling surface and said operating means.
36. In a flying machine, a steering surface, and a controlling surface
operatively connected with said steering surface, said controlling
surface being free to move and being 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.
37. In a flying machine, a steering surface, and a controlling surface
operatively connected with said steering surface, said controlling
surface being free to move and being 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 plane, a steering surface, and
a controlling surface operatively connected with said steering surface,
said controlling surface being free to move bodily, and being guided to
maintain definite angularity with respect to said lifting plane, and
means for adjusting said controlling surface to change said definite
angle.
39. In an aeroplane, a suitable framework at the rear thereof, a
vertically disposed rudder plane mounted thereon, means actuated by
gravity, and means connecting said rudder plane therewith, whereby
said rudder plane is actuated automatically according to the position of
the aeroplane in flight.
40. In a flying machine, a balancing apparatus 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 unbalanced to actuate the
rudder.
41. An aeroplane including in combination a vane or plane movable
so as to vary its angle of incidence with respect to air currents to control
or affect the equilibrium 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 independently of the
other of said operating means.
42. In a flying machine, the combination, with an aeroplane having
portions capable of facing forward at different angles of incidence on
the right and left sides, and automatically controlled means of
regulating resultant disturbances of balance about a vertical axis, of
mechanism for adjusting said portions, and automatic means for
controlling the action of said mechanism.
In testimony whereof, we affix our signatures in presence of two
witnesses.
ORVILLE WRIGHT.
WILBUR WRIGHT.
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C. E. TAYLOR,
LADOSKIE MILLER.
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To all whom it may concern:
Be it known that we, ORVILLE WRIGHT and WILBUR WRIGHT, citizens of
the United States, residing at Dayton, in the county of Montgomery and
State of Ohio, have invented certain new and useful Improvements in
Flying-Machines, of which the following is a speciation, reference being
had therein to the accompanying drawings.
The present invention relates to that class of flying machines, in which the
weight is sustained by the reaction resulting when one or more aeroplanes
are moved through the air edgewise at a small angle of incidence either by
the application of mechanical power or by the utilization of the force of
gravity, and is in the nature of an improvement upon the machine shown and
described in Letters Patent No. 821,393, granted to us May 22, 1906.
The object of the invention is to provide means for maintaining lateral
balance by the use of horizontal surfaces adjustable to face forward at
different angles of incidence on the right and left sides of the longitudinal
axis of the machine and adjustable resistance surfaces also on opposite sides
of the longitudinal axis of the machine, whose relative resistance to forward
motion can be varied by suitable adjustments, and means for adjusting these
resistance surfaces so as to increase the backward pressure on that wing or
end of the machine having for the time being the smaller angle of incidence
or least resistance.
With these objects in view our invention consists in certain novel features
of construction and in certain parts and combinations hereinafter to be
described, and then more particularly pointed out in the claims.
In the accompanying drawings, Figure 1 is a front elevation of a flying
machine embodying our invention; and Fig. 2 is a horizontal sectional view,
taken on the line x x of Fig. 1 and looking in the direction of the arrows.
In these drawings, we have illustrated a flying machine similar in its
general features of construction to that shown and described in the abovementioned patent and comprising superposed connected aeroplanes, the
opposite lateral portions of which are adapted to be moved about a
horizontal axis and thus impart to each aeroplane a helicoidal warp or twist,
whereby the angle of incidence presented to the atmosphere by one lateral
portion of the aeroplanes is or may be made different from that presented by
the opposite lateral portion of the same aeroplane, thus, when coacting with

the adjustable resistances presently to be described, enabling the lateral
balance of the machine to be adjusted and maintained by adjusting the
angles of incidence which are presented to the atmosphere on opposite sides
of the center of said aeroplanes. The aeroplanes may be of any suitable
construction and may be operated in any desired manner, but we prefer the
construction and mode of operation herein shown and described, in which
the machine comprises an upper aeroplane 1 and a lower aeroplane 2,
connected one to the other by means of suitable rods or rigid bars 3, which
are secured at their opposite ends to the respective aeroplanes by means of
flexible or universal joints. Each aeroplane preferably consists of a
substantially rectangular frame, having its greatest length extending
transversely of the line of travel of the machine, and may be composed of
any suitable material which combines the necessary strength with the
required degree of flexibility, such as a suitable quality of wood or light
metal bars. These frames are covered with a suitable fabric which forms the
surface of the aeroplane. The opposite lateral portions of these aeroplanes
may be moved about a horizontal, transverse axis to impart the helicoidal
warp or twist thereto in any suitable manner, but we prefer the means herein
shown, which consists of a suitable cable 4 secured at its ends to the
opposite lateral portions of the upper aeroplane, preferably near the upper
corners thereof, and extending inwardly and downwardly to points on
opposite sides of the center of the lower aeroplane, where it passes beneath
suitable guides 5 which are preferably supported from the frame of the
lower aeroplane in any suitable manner, as by means of the brackets 6, and
at a point between said guides the cable is provided with suitable means for
moving the same either to the right or to the left. As herein shown, this
means consists of a drum 7, about which the central portion of the cable
passes, and which is journaled upon a suitable shaft 8 which is rigidly
mounted in brackets 9, which are preferably supported from the lower
aeroplane. This drum is provided with a suitable handle 10 and with a
suitable friction clamp adapted to engage the shaft and resist the movement
of the drum about said shaft. In the form here shown, this friction clamp
consists of a split collar 11, secured to one side of the drum 7 extending
about the shaft 8 and provided with a thumb-screw 12, by means of which
the friction applied to the shaft 8 may be regulated.
A second cable 13 is secured at its opposite ends to the opposite lateral
portions of the lower aeroplane, preferably near the rear corners thereof, and
extends inwardly and upwardly and passes over suitable guides 14
supported from the upper aeroplane in any suitable manner. This cable 13 is
of such length and is connected to the aeroplane in such a manner as to be at
all times taut. Thus, it will be seen that, when the handle 10 is operated to
move the drum 7 in one direction, the cable 4 will draw downwardly one
corner of the upper aeroplane, and, as this aeroplane is connected by rods 3
to the lower aeroplane, the corresponding corner of the lower aeroplane will
also move downward, thus imparting to both aeroplanes the desired
helicoidal warp or twist. As the cable 4 is moved in a direction to draw
down this side of the aeroplane, that portion of the cable connected to the
opposite lateral portion of the upper aeroplane becomes slack and the cable
13, which is connected to that portion of the lower aeroplane which has been
depressed, is moved toward that side of the aeroplane to which the twist has
been imparted and thus raises or elevates the opposite lateral portion of the
lower aeroplane, and, through the medium of the connecting rods 3, also
elevates the corresponding portion of the upper aeroplane. Thus, it will be
seen that a single movement of the handle 10 imparts a helicoidal twist to
the opposite lateral portions of both aeroplanes, whereby differing angles of
incidence are presented to the atmosphere, and that, by the adjustment of
these angles of incidence, the lateral balance of the machine may be restored
and maintained, this function resulting from the fact that the side of the
machine presenting the larger angle of incidence to the atmosphere will tend
to rise or move upward, while the other side of the machine will tend to drop.
The increased angle of incidence of the one side of the aeroplane, however,
in addition to producing an increased vertical pressure, also presents an
enlarged resistance surface to the atmosphere, and, consequently, its forward
movement is resisted, and the opposite side of the aeroplane, or the side
having the smaller angle of incidence, will move forward more rapidly than
the side having the larger angle of incidence. But since the reactions of the
air increase in power as the speed becomes greater, the vertical pressure on
the side having the less angle would tend to increase by reason of the greater
speed till the vertical effect resulting from the difference in angles of
incidence would be neutralized or overcome, and the original object would
be defeated. In order to control this secondary effect in such a way as to
preserve the primary effect, suitable means must be introduced into the
structure to control the relative speeds of the right and left sides of the

machine. With this object we provide certain resistance devices which may
be adjusted so as to increase the horizontal resistance on the side having the
less angle of incidence and less horizontal resistance, thus balancing one
increase of resistance directly against another and obviating the formation of
turning couples in which the inertia or the momentum of the machine would
constitute a factor. These resistance devices may be of any suitable
construction, but we prefer to employ that herein shown, in which each
resistance device consists of a vane 15, secured at one edge to a shaft or rod
16, which is journaled at its opposite ends in the respective frames of the
upper and lower aeroplanes. The shaft is provided, preferably beneath the
bottom of the vane 15, with a drum or pulley 17, to which is secured one
end of a cable 18 which extends to the opposite side of the machine and has
its opposite end secured to the corresponding drum 17 of the corresponding
vane 15. At a point intermediate the drums 17 the cable 18 is provided with
suitable means for actuating the same to adjust the vanes 15. This actuating
mechanism preferably consists of a drum 19, mounted upon the shaft 8 and
provided with a suitable handle 20 and with a suitable friction clamp 21, the
drum and clamp being preferably similar to the drum 7 and clamp 11. The
handle 20 preferably extends parallel and in close proximity to the handle 10
and lies in such relation thereto that both of said handles can be grasped in
one hand and both the drums 7 and 19 operated simultaneously. When the
handle 20 is moved in one direction, tension is exerted upon one side of the
cord 18 and the other side thereof becomes slack, thus moving one of the
vanes 15 into the desired position at an angle to the line of travel of the
machine and allowing the other vane 15 to return to its normal position, that
is, parallel with the line of travel of the machine. The friction clamp 21
serves to retain the vane in its adjusted position until the drum 19 has been
positively moved to readjust the same or to allow it to return to its normal
position.
The operation of the device has been clearly set forth in the description of
the several parts, and it will be apparent that we have provided means for
maintaining the balance of a flying machine of this character by the use of
horizontal surfaces, which are adjustable to different angles of incidence on
the right and left of the center of the machine, and of adjustable resistance
devices also on the right and left of the center of the machine, whereby the
resultant, unequal backward pressure on such horizontal surfaces may be
compensated or controlled; that we have provided suitable means for
adjusting the resistance devices, either alone or in connection with the
adjustable horizontal surfaces, and further, that we have provided means for
maintaining said surfaces in their adjusted position. It is to be furthermore
understood that while the horizontal adjustable surfaces are herein shown as
composed of integral portions of the main aeroplanes themselves, they may
be otherwise constituted. And so also the resistance surfaces 15 may be
otherwise constituted without departing from the spirit and contemplation of
our invention. It will also be understood that while the invention is here
shown as applied to a biplane it is equally applicable to any flying machine
comprising one or more aeroplanes. It will, likewise, be understood that the
words “horizontal surfaces”, “adjustable horizontal surfaces” and the like, as
used in the specification and claims, refer to adjustable wings or lateral
surfaces which effect lateral balance, irrespective of whether or not the
adjustable surfaces are formed integral with the supporting surface.
Having thus fully described our invention, what we claim as new and
desire to secure by Letters Patent, is: —
1. In a flying machine, the combination, with an aeroplane comprising
horizontal surfaces adjustable to different angles of incidence on right and
left sides of the center of said machine, of adjustable air opposing
resistances on the right and left sides of the center of said machine, and
means for controlling said adjustable air opposing resistances.
2. In a flying machine, the combination, with an aeroplane comprising
horizontal surfaces adjustable to different angles of incidence on the right
and left sides of the center of the machine, of adjustable air opposing
resistances on opposite sides of the center of the machine, and means for
adjusting said air opposing resistances to equalize the backward pressures
on the right and left sides of the center of said aeroplane when the horizontal
surfaces are differently adjusted.
3. In a flying machine, the combination, with an aeroplane, and means for
imparting a helicoidal warp thereto, of adjustable air opposing resistances
on the right and left of the center of the machine, and means for adjusting
said resistance devices to balance the unequal backward pressures on the
right and left of the center of the machine resulting from said warp.
4. In a flying machine, the combination, with an aeroplane comprising
horizontal surfaces adjustable to differing angles of incidence on the
opposite sides of the center of said machine, of vanes adjustably mounted on

the opposite sides of the center of said machine, and means for adjusting one
of said vanes at an angle to the direction of movement of said aeroplane.
5. In a flying machine, the combination, with an aeroplane comprising a
horizontal surface adjustable to differing angles of incidence on opposite
sides of the center of said machine, of vanes mounted on the opposite sides
of the center of said machine, a cable connected at its opposite ends to said
vanes, and means for actuating said cable to adjust one of said vanes and to
allow the other to swing free.
6. In a flying machine, the combination, with superposed connected
aeroplanes comprising horizontal surfaces adjustable to differing angles of
incidence on the opposite sides of the center of said machine, of adjustable
air opposing resistance surfaces mounted between said aeroplanes on the
opposite sides of the center of said machine, and means for controlling the
position of said adjustable air opposing resistances.
7. In a flying machine, the combination, with superposed connected
aeroplanes comprising horizontal surfaces adjustable to differing angles of
incidence on the opposite sides of the center of said machine, of vertical
shafts journaled in said aeroplanes on the opposite sides of the center of said
machine, vanes secured to said shafts, and means for rotating said shafts to
adjust said vertical vanes.
8. In a flying machine, the combination, with superposed connected
aeroplanes comprising horizontal surfaces adjustable to differing angles of
incidence on the opposite sides of the center of said machine, of vertical
vanes extending between said aeroplanes on the opposite sides of the center
of said machine and pivotally connected thereto, a drum connected to each
of said vanes near one end thereof, a cable connected at its opposite ends to
each of said drums, and means for actuating said cable, whereby one of said
vertical vanes is moved to an angle to the direction of movement of the
machine and the other of said vertical vanes is allowed to swing free.
9. In a flying machine, the combination, with superposed connected
aeroplanes, and means for imparting a helicoidal adjustment to the right and
left portions thereof, of adjustable air opposing resistances, and means for
simultaneously adjusting said aeroplanes and either of said resistance
devices.
10. An aeroplane flying machine having horizontal surfaces adjustable to
different angles of incidence on the right and left sides of the longitudinal
axis of the machine, means for controlling the same, and adjustable airopposing resistances also on the right and left sides of the longitudinal axis
of the machine, and means for controlling the same.
11. In a flying machine, horizontal surfaces adjustable to different angles
of incidence on the right and left sides of the center of the machine, means
for controlling the same, and adjustable air opposing resistances also on the
right and left sides of the center of the machine, and means for controlling
the same.
12. An aeroplane flying machine having substantially horizontal surface
portions adjustable to different angles of incidence on right and left sides of
the center of said machine, adjustable air opposing resistances on the right
and left sides of the center of said machine, and means for controlling said
adjustable air opposing resistances.
13. A superposed aeroplane flying machine having substantially
horizontal surface portions adjustable to differing angles of incidence on the
opposite sides of the center of said machine, adjustable air opposing
resistance surfaces mounted between aeroplanes on the opposite sides of the
center of said machine, and means for controlling the position of said
adjustable air opposing resistances.
In testimony whereof, we affix our signatures in presence of two
witnesses.
ORVILLE WRIGHT.
WILBUR WRIGHT.
Witnesses:
C. E. TAYLOR,
LADOSKIE MILLER.
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To all whom it may concern:
Be it known that we, ORVILLE WRIGHT and WILBUR WRIGHT, citizens of
the United States, residing at Dayton, in the county of Montgomery and
State of Ohio, have invented certain new and useful improvements in
Flying-Machines, of which the following is a specification, reference being
had therein to the accompanying drawings.
The present invention relates to that class of flying machines, in which the
weight is sustained by the reaction resulting when one or more aeroplanes
are moved through the air edgewise at a small angle of incidence either by
the application of mechanical power or by the utilization of the force of
gravity, and is in the nature of an improvement upon the machine shown and
described in Letters Patent No. 821,393, granted to us May 22, 1906.
The object of the invention is to provide means for regulating lateral
balance by the use of horizontal surfaces adjustable to different angles of
incidence on the right and left sides of the center of the machine, and
adjustable vertical surfaces for counterbalancing any resulting turning force
about the central vertical axis of the machine.
With these objects in view our invention consists in certain novel features
of construction and in certain parts and combinations hereinafter to be
described, and then more fully pointed out in the claims.
In the accompanying drawings, Figure 1 is a perspective view of a flying
machine embodying our invention; Fig. 2 is a horizontal sectional view of
such a machine looking downwardly; Fig. 3 is a sectional view, taken on the

line x x of Fig. 2 and looking in the direction of the arrows; Fig. 4 is a detail
view of the adjusting mechanism. Fig. 5 is a rear perspective view showing
the arrangement of the cables for operating the adjustable margins or
controlling surfaces and illustrating the cables as attached to the horizontal
members of the aeroplanes, and omitting all other parts, such as the front
standards, truss rods and operating means for the cables; Fig. 6 is a detail
view showing in elevation one of the joints for the rear frame members; Fig.
7 is a top plan view of such a joint; and Fig. 8 is a top plan view of a portion
of the frame showing the manner in which the cable guides are secured
thereto.
In these drawings, we have illustrated the preferred form of our invention
and have shown the same as embodied in a flying machine, similar in its
main features of construction to that shown and described in the abovementioned patent, and comprising superposed connected aeroplanes capable
of having their opposite lateral portions moved about a horizontal axis to
give each a helicoidal warp or twist, thus enabling the operator to maintain
the lateral balance of the machine by adjusting the twist of the lateral
portions of the aeroplanes to vary the angle of incidence presented to the
atmosphere by each of said lateral portions. These aeroplanes may be of any
suitable construction and the helicoidal twist may be imparted thereto in any
suitable manner, and while the adjustable lateral portions of the aeroplanes
have been shown herein as integral portions of the main planes of the
aeroplanes, they may be otherwise constituted. As here shown, the
aeroplanes 1 and 2 each preferably consist of a substantially rectangular
frame 3 having its greatest length extending transversely of the direction of
travel of the machine and constructed of any suitable material which
combines the necessary strength and the desired degree of flexibility, such
as a suitable quality of wood or suitable bars of metal. These frames are
provided with a suitable covering 4, preferably of fabric which forms the
surface of the aeroplane, and the aeroplanes are connected one to the other
by means of rods or standards 5, which are preferably rigid throughout their
length and are connected at their opposite ends to the respective aeroplanes,
thus maintaining the aeroplanes at a fixed distance one from the other.
The front row of standards 5, the front parts of the frames 3 and the stay
wires B together form a rigid truss system which holds the front edges of the
aeroplanes in a fixed position. But the rear portions of the frames 3 and the
standards 5 are rigidly trussed by stay wires only near the center of the
machine. At the extremities of this rigidly trussed central portion, the frame
3 has hinged connections, as shown at 3 a in Figs. 5 and 6. The parts of the
frames 3 which extend beyond the hinged connections, together with the
standards 5, form adjustable truss systems of a novel kind which permit the
regulation of the position of the rear edges of the aeroplanes without losing
the characteristics of a truss system for supporting up or down pressures at
the center of the machine, or at the tips. Thus, it will be apparent that one of
the longitudinal members of each frame 3 is made up of a plurality of
sections and that these sections are connected one to the other by hinged
joints and that the corresponding longitudinal members of each frame are
connected one to the other by vertical standards. The hinged member of the
frame obviously may be arranged at either edge thereof, but we have, in the
present instance, shown it at the rear edge of the frame, and, consequently,
near the rear edge of the aeroplane. In the completed machine the two
horizontal planes will have either their front or rear edges rigidly connected
one to the other and will have the edges opposite said rigidly connected
edges rigidly connected one to the other for a portion of their length, and
those portions of said opposite edges extending beyond the rigidly
connected portions will be movable relatively thereto. As stated, however,
we prefer that the front edge should be rigid throughout and the rear edges
hinged. Further, it will be understood that the term “front edge” and “rear
edge,” as used in the specification and claims with reference to the
aeroplanes, refers to the longitudinal portions of the aeroplanes lying
adjacent to the edges thereof. These longitudinal portions may extend
inwardly a considerable distance from the extreme outer edges of the
aeroplanes, and, in the construction here shown, each longitudinal portion or
edge includes one of the longitudinal members of the frame 3 which may be
located either at the extreme edge of the aeroplane or at a point removed
therefrom. Stay wires A attached to the aeroplanes within the rigidly trussed
central portion serve to maintain the fore and aft position of the aeroplanes
with reference to each other.
As stated, the aeroplanes 1 and 2 may be moved about a horizontal axis to
impart the helicoidal twist thereto in any suitable manner, but we prefer to
impart this movement in the manner herein shown which consists of a cable
6, secured at its opposite ends to the opposite lateral portions of the frame 3
of the upper aeroplane, preferably near the rear corners thereof, extending

around suitable guides 7, preferably supported from the frame 3 of the lower
aeroplane, by any suitable means, such as the brackets 8, and provided with
suitable means for moving the same in the direction of the greatest length of
the aeroplanes. This means may be of any suitable character, but we prefer
the form herein shown, which consists in securing the opposite ends of an
auxiliary cable 8a to the cable 6 at points between the guides 7 and at some
distance one from the other, and passing the central portion of the auxiliary
cable about suitable guides 9 and thence about a drum 10 which is mounted
on a suitable shaft 11 supported above the lower aeroplane, preferably by
means of the brackets 12. The drum 10 is provided with a suitable handle 13
and its movement about the shaft 11 is controlled by means of a suitable
friction clamp, which, in the present instance, consists of a suitable split
collar 14, provided with a thumbnut 15, whereby the friction between the
collar and the shaft 11 may be adjusted. A single cable 6 may be employed,
but we prefer to provide auxiliary cables 16 which extend from the cable 6
at points near the guides 7 to the corresponding lateral portions or margins
of the upper aeroplane and are secured thereto, preferably near the rear edge
thereof. The length of the auxiliary cables 16 and their manner of
connection to the cable 6 and the upper aeroplane is such that a strain
imposed upon the cable 6 by the shifting mechanism is imparted to the outer
end of said cable and to the auxiliary cables 16, and through these cables to
the corresponding lateral portion of the aeroplane, thus distributing the
strain along the rear edge of the aeroplane and preventing the same from
bulging or becoming distorted between the outer end thereof and the hinge.
A second cable 17 is secured to the opposite lateral portions of the frame 3
of the lower aeroplane, preferably near the rear corners thereof and extends
upwardly and over suitable guides 18 supported from the frame 3 of the
upper aeroplane, and is of such a length and connected to the lower
aeroplane in such a manner as to be always taut. The cable 17 is also
preferably provided with auxiliary cables 19 connected thereto and
operating in a manner similar to the auxiliary cables 16 of the cable 6. Thus,
it will be seen that, when the drum 10 is actuated to move the cable 6 to the
left, thereby drawing down the rear of the right-hand lateral portion of the
upper aeroplane, the corresponding portion of the lower aeroplane is
likewise depressed, owing to the connection formed between the upper and
lower aeroplanes by means of the rods 5. The downward movement of the
lower aeroplane, acting through the cable 17, serves to elevate the rear of
the left-hand lateral portion of the lower aeroplane, and thereby, through the
medium of the connecting rods 5, to elevate the corresponding portion of the
upper aeroplane, thus simultaneously imparting the desired helicoidal twist
to both lateral portions of both aeroplanes. It will be seen that the location of
this system of cables is approximately in one vertical plane. This
arrangement performs a very useful function, namely, it prevents the planes
from being shifted edgewise when the margins are adjusted to different
angles of incidence by the action of the cables, and so avoids fore and aft
strains.
While we have herein shown and described our invention as embodied in
an aeroplane in which the lateral-balance controlling-surfaces are formed
integral with the bodies of the planes and to which a helicoidal warp is
imparted in maintaining lateral balance it will be understood that this
particular type of aeroplane is chosen for the purpose of illustration only and
that the lateral-balance controlling-surfaces need not be formed integral with
the planes themselves but may be arranged in any suitable manner.
By thus turning the right and left lateral portions of the aeroplanes about a
horizontal axis, they are caused to present different angles of incidence to
the atmosphere, the side presenting the greater angle of incidence being
caused to rise or move upward by the wind pressure, while the side offering
the smaller angle of incidence is permitted to move downward. This action,
while enabling the operator, by the adjustment of the angles of incidence, to
maintain the lateral balance of the machine, also causes the machine to turn
about its vertical axis, this being due to the fact that the increased angle of
incidence also produces a greater horizontal resistance to the atmosphere
and permits that portion of the aeroplane having the smaller angle of
incidence to move forward at a greater speed than that portion having the
greater angle of incidence. To overcome this effect, we provide a suitable
adjustable surface in the rear of the machine, such as the vertical rudder 20,
which is pivotally mounted between rearwardly extending arms 21, and is
provided near its lower pivotal support with a pulley 22, about which passes
a cable 23 which extends to within reach of the operator, thus enabling the
rudder 20 to be turned to receive a pressure from the air on that side which
is toward the wing having the smaller angle of incidence. A turning
movement can be produced only by a combination of forces acting in
different directions. In the case of a machine of this character, the inertia of

the machine may act as one of these forces and the pressure on the side of
the vertical rudder placed behind the center of the machine may act as the
other. In the present construction, the inertia of the machine is supplemented
by active forces produced by wind pressure on additional vertical surfaces
consisting of an adjustable rudder in front of the center of the machine and a
fixed surface preferably situated between said rudders. However, this
arrangement is not essential and a satisfactory turning couple may be
provided either by the combination of two adjustable rudders or by the
combination of a single adjustable rudder with a fixed vane, or by the
combination of the two adjustable rudders and the fixed vane, as pointed out
above, the arrangement and the manner of operation of the several rudders
being determined by the conditions existing in the particular machine to
which the same is to be applied. We prefer, however, to employ in addition
to a rear rudder an adjustable rudder in front of the machine, with a fixed
vane mounted between the front adjustable rudder and the machine itself
and arranged preferably in alinement therewith. This construction is shown
in the drawings and consists of a vertical rudder 24, pivotally mounted in
arms 25 extending forwardly of the machine. This rudder is also provided
near its lower end with a pulley 26, about which extends a cable, preferably
the same cable 23 which extends about the pulley 22 of the rear rudder, the
cable being crossed in order to turn the rudders in opposite directions. A
fixed vertical vane 27 is preferably mounted between the arms 25 which
support the forward rudder 24 and coöperates with the adjustable rudders,
and, in case one of said adjustable rudders is more powerful than the other,
the fixed surface, by its resistance to lateral movement, assists the weaker
rudder in forming a turning couple, and, if one rudder is disabled or lost, it
maintains with the remaining rudder a turning couple in the same direction
as before. And a further function of this fixed vertical surface in its relation
to the supporting plane is that of producing an acceleration of speed of the
lower wing when, because of being tipped out of lateral balance, it tends to
slide sidewise in the direction of the lower side. In aeroplanes, lateral sliding
takes place or starts to do so when the supporting plane is out of lateral
balance. This fixed surface being forward of the plane and being resisted by
air pressure on the lower side, when lateral sliding starts or takes place,
causes the depressed side of the plane to move forward relatively faster than
the high side. This gives the greater angle at such depressed side increased
lifting effect to restore lateral balance.
The adjustable rudders may be controlled by any suitable means, but the
means which we prefer to employ, and that which is herein shown, consists
of a drum or pulley 28, about which the cable 23 passes and which is
controlled by the operator to shift the cable in the desired direction. This
drum 28 is preferably mounted on the shaft 11 adjacent to the drum 10 and
is provided with an operating handle 29, which preferably extends in close
proximity to the handle 13 of the drum 10 and occupies such a position
relatively thereto, that, if desired, both the handle 29 and handle 13 may be
grasped with one hand and both the drums 10 and 28 operated
simultaneously, or each handle may be operated individually to move one
drum independently of the other. The drum 28 is preferably provided with a
friction clamp to control the movement thereof. This clamp may be of any
suitable construction, but we prefer the form herein shown, which consists
of a split collar 30 which is secured to the side of the drum 28 and provided
with a suitable thumb-screw 31, by means of which the friction between the
collar 30 and the shaft 11 may be regulated, thus enabling the rudders to be
adjusted to the desired position and to be held in that position by the friction
of said clamp until the drum is again operated by force applied to the handle
29. It will be noted that in this method of control we provide manually
operated devices, such as the handles 13 and 29 and their cooperating
devices, which are connected respectively with the horizontal lateralbalance controlling-surfaces and the adjustable vertical surfaces, and are so
arranged that they may be manipulated either simultaneously to adjust the
respective surfaces in unison or they may be manipulated separately to
adjust the vertical surfaces relatively to the horizontal-surfaces or vice versa.
In the present embodiment of the invention the lateral-balance controllingsurfaces comprise the adjustable wing tips, and the adjustable vertical
surfaces comprise the front and rear adjustable rudders, but it will, of course,
be understood that the particular construction and arrangement of these parts,
here shown, are not essential to the successful control of the aeroplane; nor
is it necessary that there should be two adjustable vertical surfaces, as the
coöperation between the several parts would be substantially the same if a
single adjustable vertical surface was used. While we have here illustrated
one embodiment of this feature of the invention it will be understood that
the invention is not limited to this specific embodiment but that the same
results may be secured by use of various devices which will readily occur to

one skilled in the art. It is known that the center of pressure on aeroplane
rudders does not maintain a fixed position for different adjustments. It is,
therefore, impossible to hinge the rudder so that it will always be in balance.
The wind pressure will sometimes assist and sometimes resist the movement
of the rudder by the operator, thus making accurate adjustment difficult. We
have, therefore, introduced this friction so that the operator will be
compelled to overcome resistance in making all adjustments. The amount of
the friction is preferably regulated to be greater than the disturbing forces
produced by the rudder, but less than that at the command of the operator
for making adjustments.
While the fixed vertical vane has been shown as a single thin surface of
greater height than breadth, it may be otherwise constituted, the essential
feature being that a considerable fixed surface be exposed to the action of
the air when the direction of the machine through the air is to the right or
left of the horizontal axis of the machine. If an adjunct or part of the
machine should, besides its other intended functions, also present a surface
so exposed to the air when the direction of the machine through the air is to
the right or left, as just stated, it would be an instance of otherwise
constituting this fixed vane aforesaid.
Referring to Fig. 5, it will be seen that the operating cables 6 and 17 are
fastened to the horizontal members of the aeroplanes and run over supports
fastened to such members, as also illustrated in Figs. 1 and 3. The effect is
that of avoiding fore and aft strains, as before explained; and it will be
understood that it is immaterial whether the cables be fastened to the
horizontal members of the aeroplanes, by running over supports secured to
such members, or be otherwise secured, so long as they be in substantially a
vertical plane, as explained.
The operation of the machine as a whole will be readily understood from
the description of the several parts thereof, and it will be apparent that we
have provided in a flying machine comprising superposed connected
aeroplanes means for maintaining lateral balance by the combination of
horizontal surfaces adjustable to different angles of incidence on right and
left sides of the center of the machine with adjustable vertical rudders and
fixed vanes producing a turning force about a vertical axis whose value can
be varied by suitable adjustments, thereby compensating for the unequal
backward pressure on the opposite lateral portions or margins of the
aeroplanes, or controlling surfaces, caused by the different angles of
incidence of said lateral portions or margins, or controlling surfaces; further,
that we have provided means for adjusting these vertical surfaces either
simultaneously with the adjustment of the horizontal surfaces or
independently thereof, and means for maintaining such adjustments until the
operator forces a change. And further, it will be apparent that the
construction of the several parts herein shown may be changed and widely
varied without departing from the spirit of our invention, and, therefore, we
wish it to be understood that we do not desire to be limited to the exact
details of construction shown and described, for obvious modifications will
occur to a person skilled in the art.
Having thus fully described our invention, what we claim as new and
desire to secure by Letters Patent, is: —
l. In an aeroplane flying machine, the combination, with horizontal,
adjustable surfaces, and means of operating said surfaces while in flight to
cause the same to face forward at different angles of incidence on the right
and left sides of the machine, of a vertical, adjustable rear rudder, a vertical,
adjustable front rudder, and means for operating said rudders.
2. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being adjusted to different angles of incidence, of a
vertical rudder adjustably mounted in the rear of said aeroplane, a second
vertical rudder adjustably mounted in front of said aeroplane, and means for
simultaneously operating said rudders.
3. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being adjusted to different angles of incidence, of an
adjustable, vertical rudder, and a fixed vertical vane coöperating therewith
to form a turning couple.
4. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being adjusted to different angles of incidence, of a
vertical rudder adjustably mounted in the rear of said aeroplane, and a fixed
vertical vane mounted in front of said adjustable rudder.
5. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being adjusted to different angles of incidence, and
means for operating said portions, of a vertical rudder adjustably mounted in
the rear of said aeroplane, a second vertical rudder adjustably mounted in
front of said aeroplane, and a fixed vertical vane mounted between said
adjustable rudders.

6. In a flying machine, the combination, with an aeroplane, and means for
imparting a helicoidal warp thereto while in flight, of a vertical rudder
adjustably mounted in the rear of said aeroplane, a second vertical rudder in
front of said aeroplane, and a fixed vertical vane mounted between said
rudders.
7. In a flying machine, the combination, with an aeroplane having lateral
portions capable of being adjusted to different angles of incidence, of a
vertical rudder adjustably mounted in the rear of said aeroplane, a second
vertical rudder adjustably mounted in front of said aeroplane, and a fixed
vertical vane mounted between said last-mentioned rudder and said
aeroplane.
8. In a flying machine, the combination, with an aeroplane, and means for
moving the right and left lateral portions of said aeroplane to cause the same
to face forward at different angles of incidence, of vertical rudders mounted
in the front and rear of said aeroplane, and means for simultaneously
actuating both said rudders and said aeroplane.
9. In a flying machine, the combination, with superposed connected
aeroplanes, of a cable secured at its opposite ends to the opposite lateral
portions of one of said aeroplanes, a guide carried by the other of said
aeroplanes and adapted to engage said cable, an auxiliary cable connected at
one end to said cable intermediate said guide and the point of connection of
said cable with said aeroplane, and at its other end to said first-mentioned
aeroplane at a point removed from the point of connection of the main cable
to said aeroplane.
10. In a flying machine, the combination, with a frame embracing
approximately parallel horizontal beams connected through hinged joints by
vertical standards, of guides and cables connected with said frame, one of
said beams, the guides and cables lying in approximately one vertical plane.
11. In an aeroplane flying machine, the combination, with lateral-balance
controlling-surfaces, a cable for adjusting the same, an adjustable vertical
rudder, and a cable for controlling said rudder, of actuating devices
connected with said cables and arranged to permit said cables to be adjusted
with reference to each other or simultaneously, and frictional means to
control the movement of said actuating devices.
12. In a flying machine, the combination, with an aeroplane, a cable
connected to said aeroplane for adjusting the opposite lateral portions
thereof, a vertical rudder, and a cable connected to said rudder, of a shaft
supported from said aeroplane, a plurality of drums journaled on said shaft,
each of said drums being adapted to be engaged by one of said cables, and
means for controlling the movement of said drums.
13. In a flying machine, the combination, with an aeroplane, a cable
connected to said aeroplane for adjusting the opposite lateral portions
thereof, a vertical rudder, and a cable operatively connected to said rudder,
of a shaft supported from said aeroplane, a plurality of drums journaled on
said shaft, each of said drums being adapted to be engaged by one of said
cables, means for controlling the movement of said drums, and handles
secured to said drums and lying in close proximity one to the other, whereby
said drums may be actuated simultaneously or individually.
14. A flying machine comprising substantially parallel horizontal planes
having their front edges rigidly connected one to the other throughout their
length, having their rear edges rigidly connected one to the other for a
portion of their length and the remainder thereof movable relatively to said
rigid portions, and means for controlling said movable portions.
15. A flying machine comprising substantially parallel horizontal planes,
a rigid truss system connecting the front edges of said planes, a rigid truss
system connecting a portion of the rear edges of said planes, and a flexible
truss system connecting the remainder of said rear edge, whereby the central
portions of the planes are rigidly trussed and the portions of one edge
extending beyond said central portion are adjustable relatively thereto, and
means for controlling said adjustable portions.
16. The combination, with an aeroplane having adjustable lateral portions,
of an adjustable vertical surface mounted in the rear of the aeroplane, and a
second adjustable vertical surface mounted in front of said aeroplane, and
means for operating said surfaces to throw them laterally more or less out of
line of flight, whereby, through the coöperation of the adjustable lateral
portions of said aeroplane and said adjustable surfaces, the lateral balance of
the machine is maintained and controlled.
17. In a flying machine, the combination, with superposed aeroplanes and
interconnecting standards, of operating cables for manipulating the
aeroplanes and their guides suitably connected and occupying substantially
one vertical plane.

by said aeroplanes, of a cable secured at its opposite ends to the
opposite lateral portions of the upper aeroplane and engaging the guides
carried by the lower aeroplane, and a second cable secured at its ends to
the opposite lateral portions of the said lower aeroplane and engaging
the guides on said upper aeroplane, whereby when one of said cables is
actuated to move one of said lateral portions of one of said aeroplanes
downward, the opposite lateral portion is moved upward, and vice versa,
the said guides and cables being located in substantially one vertical
plane.
19. In a flying machine, the combination, with horizontal adjustable
surfaces and means for adjusting said surfaces while in flight, of an
adjustable vertical surface mounted in the rear thereof, and a second
adjustable vertical surface mounted in front thereof, and means for
operating said vertical surfaces to throw them laterally more or less out
of line of flight, whereby through the coöperation of the horizontal
adjustable surfaces and said vertical adjustable surfaces, the lateral
balance of the machine is maintained and controlled.
20. In a flying machine, the combination, with horizontal adjustable
surfaces and means for adjusting said surfaces while in flight, of an
adjustable vertical surface and a fixed vertical surface coöperating
therewith to form a turning couple.
21. In a flying machine, the combination, with horizontal adjustable
surfaces, of cables and guides for adjusting said surfaces while in flight,
said cables and guides being located in substantially one plane.
22. In a flying machine, the combination, with horizontal adjustable
surfaces, of cables for adjusting said surfaces while in flight, said cables
and guides being located in substantially one plane, and vertical fore
and aft surfaces, and means for operating one or more of them.
23. In an aeroplane flying machine, the combination, with horizontal
lateral-balance controlling-surfaces, and an operating member
connected therewith, of an adjustable vertical surface, and an operating
member connected therewith, said operating members being arranged in
close proximity one to the other, whereby both may be grasped by the
hand and operated in unison, or one may be operated relatively to the
other.
24. In an aeroplane flying machine having adjustable lateral-balance
controlling-surfaces, an adjustable forward vertical surface, an
adjustable rear vertical surface, and means to adjust said surfaces.
25. In an aeroplane flying machine having adjustable lateral-balance
controlling-surfaces, an adjustable vertical surface, and a fixed vertical
surface.
26. In an aeroplane flying machine having adjustable lateral-balance
controlling-surfaces, an adjustable forward vertical surface, and a fixed
vertical surface.
27. In an aeroplane flying machine having adjustable lateral-balance
controlling-surfaces, an adjustable forward vertical surface, an
adjustable rear vertical surface, and a fixed forward vertical surface.
28. In an aeroplane flying machine having adjustable lateral-balance
controlling-surfaces, an adjustable rear vertical surface, and a fixed
forward vertical surface.
In testimony whereof, we affix our signatures in presence of two
witnesses.

18. In a flying machine, the combination, with superposed connected
aeroplanes having a rigidly trussed central portion, and guides carried
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To all whom it may concern:
Be it known that we, ORVILLE WRIGHT and WILBUR WRIGHT, citizens of
the United States, residing at Dayton, in the county of Montgomery and
State of Ohio, have invented certain new and useful Improvements in
Mechanism for Flexing the Rudder of a Flying-Machine or the Like, of
which the following is a specification, reference being had therein to the
accompanying drawings.
This invention relates to mechanism for actuating the rudders or
controlling planes of aeronautical machines, and is in the nature of an
improvement upon the mechanism shown and described in the patent
granted to us May 22, 1906, No. 821,393.
The object of this invention is to provide a mechanism whereby both the
front and rear edges of a flexible rudder will be positively actuated at
different angular velocities to adjust the rudder to the desired angle relative
to its normal position, and to simultaneously flex the rudder in such a
manner as to present the rear portion thereof to the action of the wind at a
greater angle than the forward portion, thereby greatly increasing the
effectiveness of the rudder.

With this object in view our invention consists in certain novel features of
construction and in certain combinations and arrangements of parts to be
hereinafter described, and then more particularly pointed out in the claims.
In the accompanying drawings, Figure 1 is an end elevation of a rudder
embodying our invention; Fig. 2 is a transverse sectional view, taken on the
line x x of Fig. 1 and looking in the direction of the arrows; and Fig. 3 is an
end elevation showing a modified form of the invention.
In carrying out our invention we have applied the same to a flexible
rudder 1, which, in its normal position, is substantially flat and has both its
front and rear edges in substantially the same plane with the body portion of
the rudder. This rudder may be of any suitable construction, but preferably
comprises a skeleton frame consisting of the longitudinal members 2 and the
transverse members 3 extending between the longitudinal members, this
frame having a suitable covering of fabric or other material. The flexibility
of the frame may be secured in any desired manner, but we prefer to
accomplish this by forming the transverse members or rods 3 of flexible
material, such as strips of wood which have the necessary strength
combined with a certain amount of flexibility. Suitable means are provided
for positively actuating both the front and rear edges of this rudder to turn
the same to the desired angle relative to its normal position, and, at the same
time, to flex the rudder in such a manner as to present a concave surface to
the action of the wind, the forward portion of which surface will present a
small angle of incidence to the wind, which angle of incidence will rapidly
increase toward the rear.
For purposes of illustration we have, in the present instance, shown the
flexible rudder 1 as a horizontal rudder mounted on suitable supports 4
carried by some part of the machine to which the rudder is attached. The
rudder is pivotally connected to the support at a point intermediate its ends
and preferably slightly in front of a line equidistant from the front and rear
edges of the rudder. The operating mechanism, in the present instance,
comprises one or more levers 5, with arms of unequal lengths, pivotally
supported near the rudder 1, having their arms of different lengths than the
corresponding arms of the transverse members or rods of the rudder, and
having their pivotal centers eccentrically arranged relative to the pivotal
center of said rudder and having their opposite ends connected to the front
and rear edges, respectively, of said rudder. In the present instance, we have
provided three of these levers 5 and have shown the same as rigidly secured
to a shaft 6 extending longitudinally of the rudder and journaled in
forwardly extending bearing brackets 7 secured to the upright members 4.
These levers are connected at their opposite ends to the adjacent edges of
the rudder by means of links 8. The rudder may consist of one, or more than
one plane. In the present instance, we have shown the rudder as a double
rudder comprising two single rudders or planes 1, each of these planes
having its front and rear edges, respectively, connected to the adjacent ends
of the levers 5 by the links 8, whereby both planes or rudders are
simultaneously actuated when the levers are moved, the links 8 forming
connecting rods between the adjacent edges of the two rudders. These
connecting rods, which are formed by the links 8, have a certain amount of
flexibility owing to the pivotal connection between the adjacent ends of the
two links, and this flexibility enables those portions of the rods to which the
levers 5 are connected to move laterally to accommodate themselves to the
movement of the ends of these levers, which, owing to the eccentric
arrangement of the pivotal centers of the levers, is different from the
movement of the edges of the planes or rudders.
Any suitable mechanism may be provided for operating the shaft 6 and
the levers 5. In the present instance, we have mounted on the shaft 6 a drum
9, about which extends an endless cable 10 which also extends about a drum
11 rotatably mounted on the aeroplane, or other machine to which the
rudder is attached, and provided with a handle 12 for rotating the same.
Thus, it will be apparent that by the actuation of the drum 11 on the machine
the shaft 6 and the levers 5 carried thereby will be moved about their pivotal
center and that this movement of the levers will positively move the front
and rear edges of the rudder in opposite directions to tilt the same at the
desired angle to their normal or horizontal position, and that, owing to the
different ratio between the arms of the lever and the arms of the rudder and
to the eccentric arrangement of the pivotal centers of the levers relative to
the pivotal center of the rudder, the opposite edges of the rudder will be
moved at different angular velocities with reference to their pivotal center,
thus flexing the rudder in such a manner as to present a concave surface to
the action of the wind, the forward portion of the rudder having a small
angle of incidence, which angle of incidence rapidly increases toward the
rear, thus greatly increasing the efficiency of the rudder.

As above stated, the flexibility of the rudders or planes may be secured in
any suitable manner and we have, in Fig. 3 of the drawings, illustrated a
modified form of the device in which this flexibility is secured by forming
the planes of which the rudder is comprised in sections and pivotally
connecting these sections one to the other in such a manner that, when the
sections of the rudder are moved about their pivotal centers at different
angular velocities, the forward and rearward portions of the rudder will be
presented to the wind at different angles of incidence. As shown in this
figure the upper and lower planes each consist of a forward portion 13 and a
rearward portion 14, the rearward portion being preferably of considerably
greater width than the forward portion. These sections have their adjacent
edges pivotally connected one to the other by means of hinges 15, the point
of connection being preferably in substantially the same vertical plane with
the supporting standards 4. The sections of the planes may be moved about
their pivotal centers at different angular velocities by means of the levers 5,
which, as in the form of the device above described, have their arms of
different lengths than the widths of the corresponding portions or sections of
the plane or rudder. In this form of the device we have also shown the shaft
6 as mounted directly upon the upright supports 4 and in approximately the
same vertical plane therewith and have shown the links 16, which connect
the ends of the levers 5 with the outer edges of the corresponding sections of
the planes or rudders, as inclined relatively to said plane, thus compensating
for the difference between the lengths of the arms of the levers and the
widths of the corresponding sections of the plane.
We wish it to be understood that we do not desire to be limited to the
details of construction shown and described, for obvious modifications will
occur to a person skilled in the art.
Having thus fully described our invention, what we claim as new and
desire to secure by Letters Patent, is: —
1. In a mechanism of the character described, the combination, with a
flexible rudder having its opposite edges normally in substantially the same
plane with the body thereof, of means for positively actuating both edges of
said rudder at different angular velocities with reference to the pivotal center
of said rudder.
2. In a mechanism of the character described, the combination, with a
pivoted rudder having its opposite edges normally in substantially the same
plane with the body thereof, of means for positively moving the front and
rear edges of said rudder in opposite directions and at different angular
velocities.
3. In a mechanism of the character described, the combination, with a
normally flat and substantially horizontal flexible, pivoted rudder, of means
for positively actuating both edges of said rudder at different angular
velocities to flex said rudder in such a manner as to present a concave
surface to the action of the wind.
4. In a mechanism of the character described, the combination, with a
support, and a rudder pivotally mounted on said support and having its front
and rear portions normally in substantially the same plane with its pivotal
center, of a lever pivotally supported near said rudder and having its pivotal
center eccentrically arranged relative to the pivotal center of said rudder,
means for connecting the ends of said lever to the adjacent edges of said
rudder, and means for actuating said lever.
5. In a mechanism of the character described, the combination, with a
support, and a flexible rudder pivotally mounted on said support and having
its opposite edges normally in substantially the same plane with its pivotal
center, of a shaft carried by said support and arranged eccentrically to the
pivotal center of said rudder, a plurality of levers mounted on said shaft and
having their opposite ends connected to the front and rear edges,
respectively, of said rudder, and means for actuating said shaft.
6. In a mechanism of the character described, the combination, with a
plurality of supports, and a flexible rudder pivotally mounted on said
supports and having its opposite edges normally in substantially the same
plane with its pivotal center, of a plurality of forwardly extending brackets
carried by said supports, a shaft journaled in said brackets, a plurality of
levers rigidly secured to said shaft, links connecting the opposite ends of
said levers to the front and rear edges, respectively, of said rudder, and
means for actuating said shaft.
7. In a mechanism of the character described, the combination, with a
plurality of supports, a rudder comprising upper and lower flexible planes
pivotally connected to said supports, connecting rods extending between the
adjacent edges of said planes, levers pivotally mounted on said supports and
having their pivotal centers arranged eccentrically to the pivotal centers of
said planes and their opposite ends connected to said connecting rods, and
means for simultaneously actuating said levers.

8. In a mechanism of the character described, the combination, with a
plurality of supports, and a rudder comprising upper and lower planes
pivotally mounted on said supports, of a bracket carried by each of said
supports, a shaft journaled in said brackets, a plurality of levers rigidly
secured to said shaft extending transversely of said planes, links connecting
the adjacent ends of said levers to the front and rear edges, respectively, of
said upper and lower planes, and means for actuating said shaft.
9. In a mechanism of the character described, the combination, with a
rudder having forward and rearward portions normally in a single plane, of
means for positively moving both the front and rear portions of said rudder
at different angular velocities with reference to the pivotal center of said
rudder to present the rear portion at a greater angle of incidence than the
forward portion.
10. In a mechanism of the character described, the combination, with a
rudder having its front and rear edges normally in substantially the same
plane with the body portion thereof, of means for positively actuating both
the front and rear edges of said rudder to adjust the rudder at an angle to its
normal position and to flex said rudder.
In testimony whereof we affix our signatures in the presence of two
witnesses.
ORVILLE WRIGHT.
WILBUR WRIGHT.
Witnesses to the signature of Orville Wright:
C. E. TAYLOR,
C. W. FURNAS.
Witnesses to the signature of Wilbur Wright:
HART O. BERG,
DEAN B. MASON.
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1896-05-13, Statement of Alexander Graham Bell, “Mechanical Flight.
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MECHANICAL FLIGHT.
———
Wonderful Performance of Professor Langley’s Aerodrome.
WASHINGTON, May 12. — The first public statement regarding the flying
machine experiments conducted by Prof. Samuel P. Langley, for some
months past, was made to-day with the authority of Professor Langley.
Professor Langley has always been very guarded about the experiments
and the account of his latest attempts with the flying machine embodied in
the following statement, prepared by Prof. Alex. Graham Bell, the wellknown inventor, published with the sanction of Professor Langley, therefore
will be of great interest to the scientific world generally:
“Last Wednesday, May 6, I witnessed a very remarkable experiment with
Prof. Langley’s aerodrome on the Potomac river. Indeed, it seemed to me
that the experiment was of such historical importance that it should be made
public. I should not feel at liberty to give an account of all the details, but
the main facts I have Prof. Langley’s consent for giving you and they are as
follows:
“The aerodrome or flying machine, in question, was of steel, driven by a
steam engine. It resembled an enormous bird, soaring in the air with extreme
regularity in large curves, sweeping steadily upward in a spiral path, the
spirals with a diameter of perhaps 100 yards, until it reached a height of
about 100 feet in the air at the end of a course of about half mile.
“Then the steam gave out, the propellers which had moved it stopped and
to my further surprise the whole, instead of tumbling down, settled as slowly
and gracefully as it is possible for any bird to do, touched the water without
any damage and was immediately picked out and ready to be tried again.
“A second trial was like the first, except that the machine went in a
different direction, moving in one continuous gentle ascent as it swung
around in circles like a great soaring bird. At one time it seemed to be in
danger, as its course carried it ever a neighboring promontory, but
apprehension was immediately allayed, as it passed twenty five or thirty feet
above the tops of the highest tees there.
“Ascending still further, its steam finally gave out again and it settled into
the waters of the river, not quite a quarter of a mile from the point at which
it arose. No one could have witnessed these experiments without being
convinced that the practicability of mechanical flight had been demonstrated.
ALEX GRAHAM BELL”

——————————————————————————————
1905-04-12, H. A. Toulmin, “Letter to the Wright brothers”, Springfield,
Ohio, April 12, 1905, 1 page.
H. A. TOULMIN,
COUNSELOR AT LAW, PATENTS & TRADE MARKS.
BUSHNELL BUILDING, SPRINGFIELD, OHIO.
IRVINE MILLER, ASSISTANT.
F. W. SCHAEFER.

The Wright Cycle Co., Dayton, Ohio.
April 12, 1905.
Gentlemen:We forward you herewith a copy of the letter which we have written to
Dr. Pieper with regard to the amendment of the German application. You
will notice that we have taken advantage of the analysis of the references
which you furnished us. We did this because we could see no better way of
treating them than the one which you adopted. We hope that Dr. Pieper will
be able to obtain the allowance of the application as resubmitted.
Yours very truly,
H. A. Toulmin
——————————————————————————————
1905-04-11, H. A. Toulmin, “Letter to Carl Pieper”, Springfield, Ohio,
April 11, 1905, 2 pages.
COPY.
Dr. Carl Pieper,
Hindersinstrasse #3, Berlin, Germany.
April 11, 1905.
Dear Sir:Referring to your communication of February 13th, with regard to the
German patent application of Wright and Wright, filed March 23, 1904, we
have to say that we have given the matter careful attention and have
submitted the examiner’s letter and references to the inventors. We know of
no better way of explaining to you the reasons why the references are not
pertinent than by sending you a copy of their letter to us, which copy we
herewith enclose.
It is evident from the action of the German Patent Office that the
invention is not yet understood by them. The entire purpose of the structure
on which the application is based, excepting the front rudder, which is for
another purpose, is to maintain the body of the structure level or parallel
with the horizon. It has nothing whatever to do with steering, neither has it
anything to do with the raising and lowering of the plane of flight. The
setting of the two parallel edges of the supporting planes at different angles
is solely for the purpose of maintaining the wide body of the machine
parallel with the horizon. The rear rudder is solely for the purpose of
overcoming the tendency to turn around a vertical axis which naturally
results from setting the two edges of the planes at different angles. Nothing
of this sort is suggested in any of the references. The machine set forth at
page 326 of Moedebeck is a rigid truss frame which cannot be distorted, and
the movements of the rudder are solely to regulate the plane of flight with
respect to its height, or, in other words, to raise or lower the machine. The
machine shown in the American patent No. 728,844, to Boswell, also has an
aeroplane which is incapable of distortion. The lateral tilting of this
aeroplane is solely for steering purposes, as is also the turning of the rudder.
We enclose you a copy of this patent.
As to the reference to the present applicants’ earlier machine, at page 331,
we think that the enclosed letter of the inventors is an ample answer to the
same. The attempt was there made to make a machine without a vertical
rudder and to steer it by the supporting planes. It was not only a mere
experiment, but utterly failed to disclose the twisting of the planes to
maintain horizontality of the body, without any effect on the steering,
utilizing the vertical rudder or tail to overcome the resulting tendency of the
machine to turn around a vertical axis. We are not sufficiently familiar with
the German Patent Law to pass upon the question, but it seems to us that
such an experimental machine, entirely lacking in the mode of operation and
structural elements of the successful machine on which the application for a
patent is based, should not be considered as an anticipation, since it is a
mere incomplete step in the development of the invention.
We shall trust to you to place these matters before the German Office in
the best way possible and hope that you will be successful in obtaining the
allowance of the application.
Yours very truly,

The patent no. 392 for 1868, of M. P. W. Boulton, which contains a
clear description of ailerons
1868-02-05 – 1868-08-04, Matthew Piers Watt Boulton, “GB Patent No.
392, A.D. 1868 – Improvements in Propulsion and in Aerial Locomotion,
and in Apparatus Connected Therewith, Parts of Which Are Applicable to
Projectiles and to Boilers”, Dated: February 5, 1868, Sealed: August 4, 1868,
Filed: August 5, 1868, Printed: 1868, 21 pages.

A.D. 1868, 5th FEBRUARY. No 392.
Aërial Locomotion, &c.
———
LETTERS PATENT to Matthew Piers Watt Boulton, of Tew Park, in the
County of Oxford, Gentleman, for the Invention of “IMPROVEMENTS IN
PROPULSION AND IN AERIAL LOCOMOTION, AND IN APPARATUS
CONNECTED THEREWITH, PARTS OF WHICH ARE APPLICABLE TO
PROJECTILES AND TO BOILERS.
Sealed the 4th August 1868, and dated the 5th February 1868.

———
PROVISIONAL SPECIFICATION left by the said Matthew Piers Watt
Boulton at the Office of the Commissioners of Patents, with his Petition,
on the 5th February 1868.
I, MATTHEW PIERS WATT BOULTON, of Tew Park, in the County of
Oxford, Gentleman, do hereby declare the nature of the said Invention for
“IMPROVEMENTS IN PROPULSION AND IN AERIAL LOCOMOTION, AND IN
APPARATUS CONNECTED THEREWITH, PARTS OF WHICH ARE APPLICABLE TO
PROJECTILES AND TO BOILERS,” to be as follows: —
This Invention relates to propulsion, more particularly to that of vessels
and bodies moving through the air, to the generation of the motive force
employed, and to the construction of boilers to be used in aerial locomotion,
some of these boilers being applicable to general purposes.
It has for its objects to obtain and apply motive power for propulsion
without the weight of engines or heavy moving mechanism, to provide
security, and to obtain lightness of construction.
It would be very advantageous to employ the motive power of aeriform
jets for the propulsion of aerial vessels if this could be done without
excessive loss of power, as in such a mode of propulsion the weight of
engines and heavy moving mechanism is dispensed with; but if the simple
issue of the jet, as in a rocket, is used for the purpose the loss of power is
excessive.
In order to employ the power more efficiently I adopt the following
construction: — I cause the jet to issue towards the hinder part of the vessel
from an orifice contained in a body so shaped as to offer little resistance to
the passage of air. The hinder part of this body near the issue of the jet is a
solid of revolution hollowed out or of concave section. The jet issues into a
tube or passage communicating freely with the air, so that the jet causes a
current of air to flow through it from front to stern. This passage is trumpet
mouthed in front, and is a central cavity in a body, which is a solid of
revolution tapering from front to stern, being hollowed out or having a
concave section at the stern. The action of the current of air drawn or caused
to move by the jet through the passage produces reduction of pressure on the
front of the body in which the passage is situated, while this reduction does
not take place behind it, and thus unbalanced pressure is produced urging
the body forwards. This propulsive effect is added to that of the original jet.
Cylindrical guides of successively larger size may be employed to guide the
air to the jet so as to divide it into currents of different velocities. Instead of
employing only one passage and body as previously described successive
bodies and passages of successively increasing size may be used. In such a
case the curvature of the lateral openings is varied to suit the different
velocities of the inflowing currents, the amount of this curvature being in
each case greater as the body is nearer to the jet and the velocity of inflow
greater.
Another mode of employing the jet is as follows: — A body and passage
having a form similar to that previously described is provided, and the jet is
caused to issue from an annular orifice within the passage so as to flow over
its interior surface, and to cause a current of air through it which acts by
reduction of pressure in front in the manner already described. In this, as in
the preceding case, guides may be employed dividing the air into currents of
different velocities.
Again, an annular jet may be caused to issue, so that air has free access
both to its exterior and interior, and thus the two modes above described

may be combined, the current of air set in motion by the jet flowing through
a passage in a body such as previously described. Instead of an annular jet a
number of separate jets disposed circularly may be employed.
The following is another mode of employing a jet so as to produce
propulsive effect: — A body is provided having the form of a solid of
revolution tapered at the stern and prow or front. An annular jet of aeriform
fluid is caused to issue at its fore part in front of its convexity, so as to mix
with air and create a mixed stream which flows or sweeps over the convex
surface, finally quitting it backwards. In this case the action of the jet causes
reduction of pressure on the front, and thus produces propulsive effect.
Jets may be employed to act in a similar manner on the curved surfaces of
bodies which are not solids of revolution; such, for instance, as the sides of
marine vessels or portions thereof. Many jets or combinations of them may
be employed, and they may be so disposed and regulated as to vary the
velocity, direction, and balance of the vessel.
Liquid jets moving in liquids may be treated in a manner similar to that
above described.
The action of jets employed as above explained may be used for general
purposes of propulsion, but it is peculiarly suited for aerial locomotion, as in
this case the loss of power attending it is compensated by reduction of
weight, which for such a purpose is a matter of primary importance.
Again, jets acting as above explained may be employed for propelling
projectiles.
Apparatus as above described may be employed to propel aerial vessels
supported by balloons or vessels containing light or heated gases. It may
also be employed to propel an inclined plane or surface, by the motion of
which through the air upward pressure is produced and the vessel supported
in the manner which is well understood and has often been described.
Upward support may also be obtained by causing a current or currents
produced by jets or by motive power of other kinds generated in the
propelled body to impinge on a suitably inclined plane or surface or on
several such surfaces suitably disposed. Currents may be employed which
have previously produced propulsive effect. The velocity of the currents
thus employed may greatly exceed the forward velocity of the vessel, so that
the surface on which they impinge is acted on more forcibly. The same
surface may be acted on both by the currents of high velocity, and also by
the pressure caused by the forward movement of the vessel. The surface or
surfaces may also be acted on by the wind producing propulsive effect, as in
the case of birds. I prefer to give a curved form to the surface thus acted on,
so that the fluid shall impinge upon it without shock, and be continually
deflected while passing in contact with it. A curved surface may be acted on
by a current or currents, so that both the actions previously described may
be exerted on it simultaneously, that is to say, an upward pressure producing
support and a propulsive action propelling in the direction required. The
inclination and position of the surfaces may be altered so as to vary the
amount and direction of the pressure, and thus to change the course or
balance of the vessel. This mode of obtaining support for aerial vessels may
be used whatever be the motive power employed to produce the aeriform
current caused to impinge on the plane or surface.
Another mode of obtaining support is to cause the current produced by the
action of the jets or other motive power to pass over the upper side of a
plane or extended surface, so that pressure is reduced on its upper side.
When the aerial vessel is supported by the buoyancy of gas a similar method
may be employed for raising and lowering it. Also the different methods of
obtaining support or counteracting gravity may be used in conjunction.
When aerial vessels are thus supported they may under certain
circumstances be guided by attaching to them a keel or keels moving
through the sea so as to resist the action of a side wind, and enable the
vessel to be steered in the course desired. When it is not desired to use this
action the vessel may move at an altitude above the sea. Such a vessel may
carry an apparatus for regenerating gas to replace loss by leakage. Vapour or
products of combustion discharged after performing work or these mixed
with air may be used for this purpose while the propelling power is in action.
The jets employed in the apparatus previously described may be jets of
steam or of products of combustion or of these mixed with steam, and may
be generated in various ways.
The following are methods which may be employed for this purpose: —
Substances which do not require a supply of air for combustion, such as
compounds of nitre with carbonaceous matter are introduced by a feeding
apparatus into a vessel in which combustion is maintained. They are
introduced into a cool part of the vessel, and subsequently moved to a hot
part where the combustion goes on.

Another method of generating the aeriform fluid is as follows: — Two
substances which when mingled are capable of producing combustion
without a supply of air, such, for instance, as nitre and carbonaceous matter
are introduced separately by feeding apparatus into a vessel in which
combustion is going on, and by the supply of ingredients thus furnished the
combustion is maintained. Liquids for this purpose may be fed from a pump.
As examples of such liquids may be mentioned oils to supply carbon and
hydrogen and nitric and chloric acid to supply oxygen and chlorine. The
weight of water for the generation of steam and the weight of substances for
supplying oxygen are both objectionable for the purpose of aerial navigation.
In these respects there is advantage in using for the motive power
inflammable gas or vapour mixed with air, as in this case the weight both of
the oxygen and of the water is dispensed with.
In using this motive power for the production of jets, one mode of
proceeding is as follows: — Inflammable gas or vapour is produced at high
pressure by heating in a boiler a hydrocarbon or other suitable substance,
and the aeriform fluid produced issues constantly in a jet from an orifice,
this jet acting in an apparatus such as previously described, and creating a
current of inflammable vapour mixed with air. This mixture is ignited, the
expansion of the current thus caused increasing its energy and propulsive
effect. The heated current may be treated for the production of propulsive or
useful effect, as previously explained. A portion of its heat may be used to
generate the inflammable gas or fluid. I prefer to employ liquids which
vaporize without any solid residue; also, such as are converted into gas or
vapour of high density, as these at a given pressure produce a jet of lower
velocity and consequently of greater propulsive efficiency.
In the methods above described the jet flows continuously, in the one
which I proceed to describe it acts intermittently. A jet of inflammable fluid
draws air into a tube or chamber, filling this with an inflammable aeriform
mixture. The tube or chamber is furnished in front with a valve opening
inwards, so that when pressure is created within the tube the valve closes,
while when the pressure is removed the valve opens and the inflammable
fluid and air freely enter and flow along the tube. The motion of this valve
also regulates the issue of the inflammable fluid from the vessel supplying it,
so that the closure of the valve stops its issue, while its opening allows it to
take place freely. The hinder part of the tube is furnished with a valve which
opens when there is no pressure in the tube, so as to allow the free passage
of a current through it, while when pressure is created in the tube this valve
prevents exit of the fluid, except by a small orifice through which it issues
with high velocity as a jet.
The action of the apparatus is as follows: — The tube or chamber being
filled with non-inflammable fluid, and the valves at both ends being open,
the inflammable fluid and air enter from the front, driving out the noninflammable fluid and replacing it with an inflammable mixture. When the
inflammable mixture has reached the hinder end of the tube, or a point near
it, it comes in contact with a flame kept constantly burning and is ignited by
it. The pressure thus produced inside the tube closes the valves at both ends,
and thereby stops the flow of the air and of the jet, while the small orifice in
the hinder valve remains open, and the products of combustion are forced by
the pressure to issue through this as a jet with high velocity. This jet is
treated as previously explained, so as to produce propulsive or useful effect.
When by the issue of the products of combustion the pressure within the
tube is removed the valves at both ends of it open, the inflammable mixture
enters at the front, driving out the products of combustion, and the operation
is repeated. Many tubes may be employed with jets acting simultaneously,
and many jets may be employed acting at different times, so that a
continuous propulsive effect is exerted. The action in this apparatus is not so
simple as when the jets act continuously. The object aimed at in this method
is that the heat may be applied to the fluid at high pressure and thus be
employed more efficiently. It is also to be observed that in this plan the
inflammable fluid is not generated at high pressure, and thus the boiler or
generator may be light. A portion of the heat produced by the combustion
may be utilized for generating the inflammable vapour or fluid.
In order to generate vapour of oils or hydrocarbons at high pressure for
aerial propulsion, I prefer to employ the following construction of boiler: —
Two vessels are employed, an upper and an under one, connected by
numerous vertical tubes, round the exterior of which the flame plays while
the vapour is generated within them. Circulation of the liquid is maintained
by means of a pump or forcing apparatus. By the action of this the liquid is
raised into a chamber or passage in the upper vessel, whence it constantly
descends in small streams on the surface of the tube plate which forms its
bottom, or on plates or surfaces a little above it, and thence flows constantly
downwards over the interior surfaces of the tubes, and keeps these covered

by a thin stream or film of liquid. The liquid thus flowing along the tubes is
exposed to heat and gives off vapour, which rises through the central parts
of the tubes. By such a construction difficulties arising from the viscidity of
the oil or liquid employed are obviated. If steam is used for aerial propulsion
a similar construction of boiler may be used, being light and compact and
charged with a small weight of water.
The following is another form of boiler constructed with a view of
securing lightness: — A cylindrical boiler is fitted with numerous tubular
flues like the barrel of a locomotive engine. Opposite to the mouth of each
of the tubular flues is the orifice of a tube communicating with a chamber
containing inflammable fluid which issues from each of the orifices in a jet.
The chamber is perforated with numerous tubes or passages, allowing a free
flow of air through them. Each jet draws or forces air along with it into the
tubular flue of the boiler opposite to it. In order to secure a more complete
mixture of air with it, intermediate tubes may be placed between the jet
orifices and the boiler tubes; the action of each creates an inflammable
mixture in the tubular flue opposite to it which is ignited and passes through
that flue, giving out heat to the liquid in the boiler. The jets which create this
effect may be of various kinds, such as jets of inflammable gas or vapour, or
jets of steam, or of air carrying along with them inflammable liquids in the
form of spray or solids in the form of dust, as have been used in other
constructions. In this construction the products of combustion act on the
extended surface afforded by the numerous tubular flues at their highest
temperature, and thus compactness and lightness of boiler are obtained. The
boilers may be fitted with both longitudinal and transverse diaphragms to
secure more rapid circulation of the liquid. Part of the heat of the fluid
passing through the tubes may be used to generate the inflammable gas or
vapour which may be employed in the jets. Boilers constructed as thus
described may be used for various purposes, as for instance for marine and
locomotive engines.
For the safety of aerial vessels it is important to provide a controlling
power, not only to direct their horizontal and vertical course, but also to
prevent their turning over by rotating on the longitudinal axis. A certain
stability of the kind desired is afforded by using an extended surface whose
sides make an angle from the axis upwards as has previously been described
by others. But it is desirable to provide a more powerful action preventing
rotation of the body in this direction. For this purpose a rudder of the
following construction may be adopted: — Vanes or moveable surfaces are
attached to arms projecting from the vessel laterally or at right angles to its
length. When these vanes are not required to act they present their edges to
the front, so as to offer little resistance to the vessel’s movement, but if the
vessel should begin to rotate on the longitudinal axis the vanes are moved so
as to take inclined positions, those on the ascending side of the vessel being
caused to rotate to such an inclination that the air impinging upon them
exerts a pressure downwards, while those on the descending side are so
inclined that the air impinging upon them exerts a pressure upwards; thus
the balance of the vessel is redressed and its further rotation prevented. The
vanes may be moved by hand or by self-acting mechanism. For this purpose
a weight or heavy body is connected to the vessel which carries the vanes,
so that the vessel may rotate on the longitudinal axis without imparting such
rotation to the weight or heavy body. When rotation of the vessel in the
direction described begins, the relative positions of the vessel and the heavy
body change, and consequently by means of cords or other suitable
connections between the heavy body and the vanes the required movement
can be communicated to the vanes. Stability of the kind desired may also be
attained by attaching to the upper side of the aerial vessel receptacles
rendered buoyant by light or heated gases which may be replenished from
time to time; these receptacles may be of small content, so shaped as to offer
little resistance to the air.
Vanes acted on by self-acting mechanism of a kind similar to that above
described may also be used when desired for keeping the vessel in a fixed
course, both vertically and horizontally.
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SPECIFICATION in pursuance of the conditions of the Letters Patent, filed
by the said Matthew Piers Watt Boulton in the Great Seal Patent Office on
the 5th August 1868.
TO ALL TO WHOM THESE PRESENTS SHALL COME, I, MATTHEW
PIERS WATT BOULTON, of Tew Park, in the County of Oxford, Gentleman,
send greeting.
WHEREAS Her most Excellent Majesty Queen Victoria, by Her Letters
Patent, bearing date the Fifth day of February, in the year of our Lord One
thousand eight hundred and sixty-eight, in the thirty-first year of Her reign,

did, for Herself, Her heirs and successors, give and grant unto me, the said
Matthew Piers Watt Boulton, Her special licence that I, the said Matthew
Piers Watt Boulton, my executors, administrators, and assigns, or such
others as I, the said Matthew Piers Watt Boulton, my executors,
administrators, and assigns, should at any time agree with, and no others,
from time to time and at all times thereafter during the term therein
expressed, should and lawfully might make, use, exercise, and vend, within
the United Kingdom of Great Britain and Ireland, the Channel Islands, and
Isle of Man, an Invention for “IMPROVEMENTS IN PROPULSION AND IN
AERIAL LOCOMOTION, AND IN APPARATUS CONNECTED THEREWITH, PARTS
OF WHICH ARE APPLICABLE TO PROJECTILES AND TO BOILERS,” upon the
condition (amongst others) that I, the said Matthew Piers Watt Boulton, my
executors, or administrators, by an instrument in writing under my, or their,
or one of their hands and seals, should particularly describe and ascertain
the nature of the said Invention, and in what manner the same was to be
performed and cause the same to be filed in the Great Seal Patent Office
within six calendar months next and immediately after the date of the said
Letters Patent.
NOW KNOW YE, that I, the said Matthew Piers Watt Boulton, do hereby
declare the nature of my said Invention, and in what manner the same is to
be performed to be particularly described and ascertained in and by the
following statement: —
This Invention relates to propulsion more particularly to that of vessels
and bodies moving through the air, to the generation of the motive force
employed and to the construction of boilers to be used in aerial locomotion,
some of these boilers being applicable to general purposes. It has for its
objects to obtain and apply motive power for propulsion without the weight
of engines or heavy moving mechanism, to provide security, and to obtain
lightness of construction. It would be very advantageous to employ the
motive power of aeriform jets for the propulsion of aerial vessels if this
could be done without excessive loss of power, as in such a mode of
propulsion the weight of engines and heavy moving mechanism is depensed
with. But if the simple issue of the jet, as in a rocket, is used for this purpose,
the loss of power is excessive. In order to employ the power more efficiently
I adopt the following construction: — I cause the jet to issue towards the
hinder part of the vessel from an orifice contained in a body so shaped as to
offer little resistance to the passage of air. The hinder part of this body near
the issue of the jet is a solid of revolution hollowed out or of concave
section. The jet issues into a tube or passage communicating freely with the
air, so that the jet causes a current of air to flow through it from front to
stern. This passage is trumpet mouthed in front and is a central cavity in a
body which is a solid of revolution tapering from front to stern, being
hollowed out or having a concave section at the stem. The action of the
current of air drawn or caused to move by the jet through the passage
produces reduction of pressure on the front of the body in which the passage
is situated, while this reduction does not take place behind it, and thus
unbalanced pressure is produced urging the body forwards. This propulsive
effect is added to that of the original jet. Cylindrical guides of successively
larger size may be employed to guide the air to the jet so as to divide it into
currents of different velocities. Instead of employing only one passage and
body as previously described successive bodies and passages of
successively increasing size may be used. In such a case the curvature of the
lateral openings is varied to suit the different velocities of the inflowing
currents, the amount of this curvature being in each case greater as the body
is nearer to the jet and the velocity of inflow greater.
Another mode of employing the jet is as follows: — A body and passage
having a form similar to that previously described is provided and the jet is
caused to issue from an annular orifice within the passage so as to flow over
its interior surface, and to cause a current of air through it, which acts by
reduction of pressure in front in the manner already described. In this, as in
the preceding case, guides may be employed dividing the air into currents of
different velocities. Again, an annular jet may be caused to issue so that air
has free access both to its exterior and interior, and thus the two modes
above described may be combined, the current of air set in motion by the jet
flowing through a passage in a body such as previously described. Instead of
an annular jet or number of separate jets disposed circularly may be
employed.
The following is another mode of employing a jet so as to produce
propulsive effect: — A body is provided having the form of a solid of
revolution tapered at the stern and prow or front. An annular jet of aeriform
fluid is caused to issue at its fore part in front of its convexity so as to mix
with air and create a mixed stream which flows or sweeps over the convex
surface, finally quitting it backwards. In this case the action of the jet causes

reduction of pressure on the front and thus produces propulsive effect. Jets
may be employed to act in a similar manner on the curved surfaces of bodies
which are not solids of revolution, such for instance as the sides of marine
vessels or portions thereof. Many jets or combinations of them may be
employed, and they may be so disposed and regulated as to vary the velocity,
direction, and balance of the vessel.
Liquid jets moving in liquids may be treated in a manner similar to that
above described.
The action of jets employed as above explained may be used for general
purposes of propulsion, but it is peculiarly suited for aërial locomotion, as in
this case the loss of power attending it is compensated by reduction of
weight, which for such a purpose is a matter of primary importance.
Again, jets acting as above explained may be employed for propelling
projectiles.
Apparatus as above described may be employed to propel aerial vessels
containing light or heated gases. It may also be employed to propel an
inclined plane or surface, by the motion of which through the air upward
pressure is produced and the vessel supported in the manner which is well
understood and has often been described. Upward support may also be
obtained by causing a current or currents produced by jets or by motive
power of other kinds generated in the propelled body to impinge on a
suitably inclined plane or surface, or on several such surfaces suitably
disposed. Currents may be employed which have previously produced
propulsive effect. The velocity of the currents thus employed may greatly
exceed the forward velocity of the vessel, so that the surface on which they
impinge is acted on more forcibly. The same surface may be acted on both
by the currents of high velocity and also by the pressure caused by the
forward movement of the vessel. The surface or surfaces may also be acted
on by the wind producing propulsive effect as in the case of birds. I prefer to
give a curved form to the surface thus acted on so that the fluid shall
impinge upon it without shock, and be continually deflected while passing
in contact with it. A curved surface may be acted on by a current or currents
so that both the actions previously described may be exerted on it
simultaneously, that is to say, an upward pressure producing support and a
propulsive action propelling in the direction required. The inclination and
position of the surfaces may be altered so as to vary the amount and
direction of the pressure and thus to change the course or balance the vessel.
This mode of obtaining support for aerial vessels may be used whatever be
the motive power employed to produce the aeriform current caused to
impinge on the plane or surface.
Another mode of obtaining support is to cause the current produced by the
action of the jets or other motive power to pass over the upper side of a
plane or extended surface so that pressure is produced on its upper side.
When the aerial vessel is supported by the buoyancy of gas a similar method
may be employed for raising and lowering it. Also the different methods of
obtaining support or counteracting gravity may be used in conjunction.
When aerial vessels are thus supported they may under certain
circumstances be guided by attaching to them a keel or keels moving
through the sea so as to resist the action of a side wind and enable the vessel
to be steered in the course desired. When it is not desired to use this action
the vessel may move at an altitude above the sea. Such a vessel may carry
an apparatus for generating gas to replace loss by leakage. Vapour or
products of combustion discharged after performing work, or these mixed
with air may be used for this purpose while the propelling power is in action.
The jets employed in the apparatus previously described may be jets of
steam or of products of combustion, or of these mixed with steam, and may
be generated in various ways. The following are methods which may be
employed for this purpose: — Substances which do not require a supply of
air for combustion, such as compounds of nitre with carbonaceous matter
are introduced by a feeding apparatus into a vessel in which combustion is
maintained. They are introduced into a cool part of the vessel and
subsequently moved to the hot part, where the combustion goes on.
Another method of generating aeriform fluid is as follows: — Two
substances which when mingled are capable of producing combustion
without a supply of air, such for instance as nitre and carbonaceous matter,
are introduced separately by feeding apparatus into a vessel in which
combustion is going on, and by the supply of ingredients thus furnished the
combustion is maintained. Liquids for this purpose may be fed from a pump.
As examples of such liquids may be mentioned oils to supply carbon and
hydrogen and nitric and chloric acid to supply oxygen and chlorine. The
weight of water for the generation of steam and the weight of substances for
supplying oxygen are both objectionable for the purpose of aerial navigation.
In these respects there is advantage in using for the motive power

inflammable gas or vapor mixed with air, as in this case the weight both of
the oxygen and of the water is dispensed with.
In using this motive power for the production of jets one mode of
proceeding is as follows: — Inflammable gas or vapor is produced at high
pressure by heating in a boiler a hydrocarbon or other suitable substance,
and the aeriform fluid produced issues constantly in a jet from an orifice,
this jet acting in an apparatus such as previously described, and creating a
current of inflammable vapor mixed with air. This mixture is ignited, the
expansion of the current thus caused increasing its energy and propulsive
effect. The heated current may be treated for the production of propulsive or
useful effect as previously explained. A portion of its heat may be used to
generate the inflammable gas or fluid. I prefer to employ liquids which
vaporize without any solid residue. Also such as are converted into gas or
vapor of high density as these at a given pressure produce a jet of lower
velocity and consequently of greater propulsive efficiency.
In the methods above described the jet flows continously, in the one
which I proceed to describe it acts intermittently. A jet of inflammable fluid
draws air into a tube or chamber, filling this with an inflammable aeriform
mixture. The tube or chamber is furnished in front with a valve opening
inwards so that when pressure is created within the tube the valve closes,
while when the pressure is removed the valve opens and the inflammable
fluid and air freely enter and flow along the tube. The motion of this valve
also regulates the issue of the inflammable fluid from the vessel supplying it
so that the closure of the valve stops its issue, while its opening allows it to
take place freely. The hinder part of the tube is furnished with a valve which
opens when there is no pressure in the tube so as to allow the free passage of
a current through it, while when pressure is created in the tube this valve
prevents exit of the fluid except by a small orifice through which it issues
with high velocity as a jet.
The action of the apparatus is as follows: — The tube or chamber being
filled with non-inflammable fluid and the valves at both ends being open,
the inflammable fluid and air enter from the front, driving out the noninflammable fluid and replacing it with an inflammable mixture. When the
inflammable fluid has reached the end of the tube on a point near it it comes
in contact with a flame kept constantly burning and is ignited by it. The
pressure thus produced inside the tube closes the valves at both ends and
thereby stops the flow of the air and of the jet while the orifice in the hinder
valve remains open, and the products of combustion are forced by the
pressure to issue through this as a jet with high velocity; this jet is treated as
previously explained so as to produce propulsive or useful effect. When by
the issue of the products of combustion the pressure within the tube is
removed the valves at both ends of it open, the inflammable mixture enters
at the front, driving out the products of combustion, and the operation is
repeated. Many tubes may be employed with jets acting simultaneously and
many jets may be employed acting at different times, so that a continuous
propulsive effect is exerted. The action in this apparatus is not so simple as
when the jets act continuously. The object aimed at in this method is that the
heat may be applied to the fluid at high pressure and thus be employed more
efficiently. It is also to be observed that in this plan the inflammable fluid is
not generated at high pressure, and thus the boiler or generator may be light.
A portion of the heat produced by the combustion may be utilized for
generating the inflammable vapor or fluid.
In order to generate vapor of oils or hydrocarbons at high pressure for
aerial propulsion I prefer to employ the following construction of boiler: —
Two vessels are employed, an upper and an under one, connected by
numerous vertical tubes, round the exterior of which the flame plays while
the vapor is generated within them. Circulation of the liquid is maintained
by means of a pump or forcing apparatus. By the action of this the liquid is
raised into a chamber or passage in the upper vessel, whence it constantly
descends in small streams on the surface of the tube plate which forms its
bottom, or on plates or surfaces a little above it, and thence flows constantly
downwards over the interior surfaces of the tubes and keeps these covered
by a thin stream or film of liquid. The liquid thus flowing along the tubes is
exposed to heat and gives off vapor which rises through the central parts of
the tubes. By such a construction difficulties arising from the viscidity of the
oil or liquid employed are obviated.
If steam is used for aerial propulsion a similar construction of boiler may
be used, being light and compact and charged with a small weight of water.
The following is another form of boiler constructed with the view of
securing lightness: — A cylindrical boiler is fitted with numerous tubular
flues like the barrel of a locomotive engine. Opposite to the mouth of each
of the tubular flues is the orifice of a tube communicating with a chamber
containing inflammable fluid which issues from each of the orifices in a jet.

The chamber is perforated with numerous tubes or passages allowing a free
flow of air through them. Each jet draws or forces air along with it into the
tubular flue of the boiler opposite to it. In order to secure a more complete
mixture of air with it intermediate tubes may be placed between the jet
orifices and the boiler tubes. The action of each jet creates an inflammable
mixture in the tubular flue opposite to it, which is ignited and passes through
that flue giving out heat to the liquid in the boiler. The jets which create this
effect may be of various kinds, such as jets of inflammable gas or vapor, or
jets of steam or of air carrying along with them inflammable liquids in the
form of spray or solids in the form of dust, as have been used in other
constructions. In this construction the products of combustion act on the
extended surface afforded by the numerous tubular flues at their highest
temperature and thus compactness and lightness of boiler are obtained. The
boilers may be fitted with diaphragms both longitudinal and transverse to
secure more rapid circulation of the liquid. Part of the heat of the fluid
passing through the tubes may be used to generate the inflammable gas or
vapor which may be employed in the jets. Boilers constructed as thus
described may be used for various purposes, as for instance, for marine and
locomotive engines. For the safety of aerial vessels it is important to provide
a controlling power not only to direct their horizontal and vertical course,
but also to prevent their turning over by rotating on the longitudinal axis. A
certain stability of the kind desired is afforded by using an extended surface
whose sides make an angle from the axis upwards as has previously been
described by others. But it is desirable to provide a more powerful action
preventing rotation of the body in this direction. For this purpose a rudder of
the following construction may be adopted: — Vanes or moveable surfaces
are attached to arms projecting from the vessel laterally or at right angles to
its length. When these vanes are not required to act they present their edges
to the front, so as to offer little resistance to the vessel’s movement, but if
the vessel should begin to rotate on the longitudinal axis the vanes are
moved so as to take inclined positions, those on the ascending side of the
vessel being caused to rotate to such an inclination that the air impinging
upon them exerts a pressure downwards, while those on the descending side
are so inclined that the air impinging upon them exerts a pressure upwards,
thus the balance of the vessel is redressed and its further rotation prevented.
The vanes may be moved by hand or by self-acting mechanism; for this
purpose a weight or heavy body is connected to the vessel which carries the
vanes so that the vessel may rotate on the longitudinal axis without
imparting such rotation to the weight or heavy body. When rotation of the
vessel in the direction described begins the relative positions of the vessel
and the heavy body change, and consequently by means of cords or other
suitable connections between the heavy body and the vanes the required
movement can be communicated to the vanes.
Stability of the kind desired may also be obtained by attaching to the
upper side of the aerial vessel receptacles rendered buoyant by light or
heated gases which may be replenished from time to time; these receptacles
may be of small content, so shaped as to offer little resistance to the air.
Valves acted on by self-acting mechanism of a kind similar to that above
described may also be used when desired for keeping the vessel in a fixed
course both vertically and horizontally.
DESCRIPTION OF THE DRAWINGS.
Figure 1 is a longitudinal section of a body or vessel constructed
according to my Invention, propelled by an annular jet issuing at its front. a
is the body or vessel containing fluid under pressure and shaped so as to
offer little resistance to longitudinal movement in the direction of the arrow
e; b is a tapering front or prow connected to a by thin ribs; and c is a cavity
so formed with an opening round its periphery that an annular jet of fluid
can issue by it perpendicularly to the longitudinal axis of a or nearly so.
When the jet so issues it tends to reduce pressure on all sides. By virtue of
this reduction of pressure the air (or other medium in which the body is
placed) in front being free to move flows backwards towards the jet and
mingles with it, while the body a being also free to move, moves forwards
in the direction of the arrow e. The jet instead of issuing from c
perpendicularly to the longitudinal axis of a may be made to issue at any
desired angle by suitably forming the passage round the periphery of c.
Figure 2 is a longitudinal section of an apparatus constructed according to
my Invention, whereby a jet of inflammable aeriform fluid is mingled with
air, and the mixture being ignited a jet of greater energy is caused to issue so
as to give propulsive effect. a is a tube conveying the jet of inflammable
aeriform fluid from any vessel in which it may be generated or contained; b
is a vessel attached by ribs to the tube a; c is a valve fixed on a stern fitted to
slide longitudinally in a boss attached to the interior of the vessel b by

means of cross ribs k. This valve has two faces, the one of them c to fit the
interior of the mouth of the vessel b, and the other face d to fit the mouth of
the tube a, so that when the valve is moved forward, it closes the mouths of
a and b simultaneously; e is another valve formed with a passage or channel
through it opening for the issue of a jet at f. This valve e is mounted on a
stem fitted to slide longitudinally in a boss supported by ribs g, and their
stern is fitted with a spiral spring h which keeps the valve e away from the
mouth of the vessel b to which it is fitted unless when the fluid pressure in
the interior of b is sufficient to overcome the force of the spring in which
case the valve e closes the mouth of b; the action of this apparatus is as
follows: — The valves being in the position represented in the Drawing a jet
of inflamable aeriform fluid issuing from a enters the vessel b drawing air
with it through the passage left open by the valve e and expelling the
contents of the vessel b by the channel f and the passage round the valve e as
indicated by the arrows; when the vessel b has been thus charged with an
inflamable aeriform mixture it is ignited and the expansion produced by the
ignition raises the pressure within the vessel b. This pressure causes the
valve e to close, thereby preventing the issue of any of the fluid at that
mouth of the vessel, and also closing the jet tube a so as to prevent the issue
of inflammable fluid from it, at the same time the valve e is closed and the
products of combustion issue only in a jet by the channel f giving a
propulsive effect in the direction opposite to that of their issue. When so
much of these products of combustion have thus issued as to reduce the
pressure within b to nearly that of the atmosphere, the spring h causes the
valve e to open and the pressure in the tube a opens the valve e, the action is
thus repeated and goes on continuously in a similar manner.
Figure 3 represents a section of part of a boiler constructed according to
my Invention for generating vapour of oils or hydrocarbons. a is a lower
chamber or vessel containing the liquid to be vaporized, and z is an upper
chamber or vessel connected with a by numerous tubes c, c. The flame of
the furnace plays round the exterior of the tubes c, c. d is a pump which
draws liquid from the lower chamber a and forces it through a pipe e which
enters the upper chamber z and extends along it, having numerous holes f, f,
along its under side. When the pump is worked liquid is discharged through
its holes f, f, upon the surface of the tube plate which forms the bottom of
the chamber z and it overflows down the interior surfaces of the tubes c,
keeping them covered by a thin stream or film of liquid, and giving off
vapour during its descent. The vapour so given off rises through the middle
parts of the tubes into the chamber z, and such of the liquid as may reach the
chamber a without being vaporised in its descent is again caused to circulate
by the action of the pump.

Figure 4 represents a section of part of a tubular boiler constructed
according to my Invention, in which a separate flame is provided for
each tube. a, a, are the tubes surrounded by liquid, as usual; b is a
vessel supplied with inflamable gas or vapour; c, c, are nozzles through
which the inflamable gas or vapour issues from b in jets; d, d, are
trumpet-mouthed air tubes fixed axial with the nozzles c, c; these
nozzles and the air tubes are fixed axial with the boiler tubes a, a. e, e,
are tubes for the passage of air through the vessel b. When jets issue
from the nozzles c, c, air being freely supplied to the space round them
from the air outside the vessel b and by the tubes e, e, which penetrate
that vessel, is caused to flow with the jets through the pipes d, d, and to
mingle with the inflammable matter. The mixture issuing from the pipes
d, d, being ignited a flame is thus caused to pass along each of the tubes
a, a. The air pipes d, d, being placed at a little distance from the mouths
of the tubes a, a, an additional quantity of air such as may be necessary
for complete combustion is drawn in by the current issuing from these
pipes and mingles with them in the tubes. The vessel b and the air pipes
d, d, being mounted in one frame can be set at a greater or less distance
from the mouths of the tubes a, and thus the quantity of air entering
these tubes along with the ignited currents can be adjusted as may be
desired. The pipes d, d, instead of having the form represented in the
Figure may be simple cylinders. Also they may be cylinders pierced
with holes for the inflow of the air.
Figure 5 represents a transverse section of a plane fitted with rudders
constructed according to my Invention to prevent its turning over on an axis
in its line of motion through the air. a is a section of the plane which is
supposed to have taken a position inclined to the horizon; b and c are two
vanes mounted on axes one at each side of the plane, so that it can be turned
round like a throttle valve; d is a heavy body suspended by an endless cord,
which passing over guide pullies is wound for several times on barrels on
the axes of b and c. When the plane takes an inclined position, as

represented in the Figure, the weight d tending to hang vertically under the
centre of gravity tightens the cord on one side and slackens it on the other,
and thus causes the vanes b and c to turn into inclined positions upon their
respective axes. The cord is so wound upon the barrels b and c that while the
one is caused by the action of d to rotate in the one direction the other
rotates in the opposite direction.
Figure 6 represents an end view of b and Figure 7 an end view of c when
these vanes are turned to suit the oblique position of a in Figure 5. The plane
being moved through the air in the direction of the arrow e the air presses
upon the under surface of the vane c and on the upper surface of b, and thus
tends to restore the plane to its horizontal attitude.

In witness whereof, I, the said Matthew Piers Watt Boulton, have
hereunto set my hand and seal, this Thirtieth day of July, in the year of
our Lord One thousand eight hundred and sixty-eight.
M. P. W. BOULTON. (L.S.)
Witness,
H. MILES, 21, Cockspur Street, Charing Cross.
—————————————————————————————
LONDON:
Printed by GEORGE EDWARD EYRE and WILLIAM SPOTTISWOODE,
Printers to the Queen’s most Excellent Majesty. 1868.
——————————————————————————————
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