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To wll whaean. it Puey concern:. . o
Be it known that we,’ OrviLLE WriguT -

UNITED STATES.

PATENT OFFICE.

ORVILLE WRIGHT AND WILBUR WRIGIHT. OF DAYTON, oulo.

FLYING~MACHINE.

No.821.393.

Bpecification of Letters Patent.

_Patented May 22, 1906,

Application filed March 28, 1903. Serial No, 149,220,

--and WiLBuR Wrienr, citizens of the United
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States, residing in the city of Dayton, county

‘5 of Montgomery, and State of O hio, have in-
vented certain new and useful Improvements;
following is’

by
' 'pﬁshed..

inF Iying-Machines, of which the
& specification. . .

ur inventjon rélates to that class of fly-

ing-machines.an which the weight is sustained
-by the reactions resulting when one or more
aeroplanes are moved through the air edee- |

wise'at a small angle of. inciae'nce, either T)y
the aplpli'cati(Jn of mechanical power or by
the utilization of the force of gravity.

The objects of our invention are fo provide

medns for maintaining or restoring the equi--

librium or lateral balance of the apparatus,
to provide means for guiding ‘the machine
both vertically and horizontally, and to pro-
videastructure comibining lightness, strength,
convenience of construction, and certain
other advantages:which” will Kereinafter ap-
pesar. . - : ; :

To these ends our invention consists in cer-

" tain novel features, which we will now pro-

ceed to describe and' will then particularly

- point out in the claims. .
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- In the accoinpatiying drawings; Figure 1 is
& perspective view of an apparatus embody-

ing our.invention in one form.. Fig. 2 is a

plan-view of the same, partly in herizontal
section and partly broken away. Fig.3isa

side elévation, and Figs. 4 and 5 sre detail

views, of one form of flexible joint forconnect-

ing the upright standards with the aeroplanes.”

1n ff ing:machines of ‘the character to
which this invention relates the .aglpamtus is
supported in the air by reason of the contact

between the air and the under surface of one

or more aeraplanes, the contact-surface be-
ing presented at a small angle of incidence to
the air. The relative movements of the air
and aeroplane may be derived from the mo-
ticn 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 ma-
chine, as in starting from an elevated posi-

- tion 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 orward will
cause the air to support the machinein a simi-
lar manner. In either case owing to the va-
rying conditions to be met there are numer-

tions of the structure w.

. havinfi
I

ous disturbing forces which tend to shift
the machine from the position which it should
occupy -to obtain the desired results. It js
the chief object of our invention to provide
means. for remedying this difficulty, and we
will now proceed to describe the ¢onstruction

means of which these results are accom-

_In the accompanying- drawings e have
shown an apparatus embodyingourinvention

In one form. In this illustrative cmbodi-
ment the machine is shown as comprising .
‘aeroplanes 1 and 2,

two parallel superposed
and this construetion we
Invention ma?r

having a sing

‘ prefer, although our
be. e_mb;_)dled in a structure
e aeroplane. Each aeroplane

is of considerably greater width from side to

side than from. front- to rear.. . The four cor-
ners of the upper acroplane are indicated by
the refercnce-fet,tbrs a, b, ¢, and d, while the
corresponding eorners of the lower acroplane
2 are indicated by the reference:letters e,Jf,
g9,and k. The marginal lines a b and e findi-
cate the front edges of the aeroplanes, the
lateral margins of the upper aeroplane are in»
dicated, respectively, by the lines ¢ ¢ and b
¢, the latemﬁ) margins of the lower aeroplane

are indicated, respectively, by the lines-e A

and f g, while the rear margins of the upper
and lower aeroplanes are indicated, respec-
tively, by the lines ¢ d and ¢ k. e

. Before proceeding to a ‘description of the

6o
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funda-nental theory of operationof the strue- -

ture we will first describe the preferred mode
of constructing the aeroplanes and those por-

ﬁich serve to connect
the two aeroplanes. : L
- Kach aeroplame is formed by stretching
cloth or other suitable fabric over s frame
composed of two parallel transverse spars 3,

extending from side to side of the machine,

90.

95

their ends beinig connected by bows 4, ex- .
tending from front to rear of the machine. .

The front and rear spars 3 of each deroplarié -

are connected by & series of parallel ribs 5,
which preferably ektend somewhat. beyond
the rear spar, as shown. These spars, bows,
and ribs are preferably constructed. of wood
‘the -necessary strength, ecombined

with lightness and flexibility. - Upon this

' framework theeloth “which forms the sup-
‘porting-surface of the aeroplane. is secured,
the frame being inclosed in the cloth.. The-
cloth for each aeroplane previously to its at--

tachment to its frame is cut on the bias and
made up into a single piece approximately

Qo
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the size'and shape of the aeroplane, having ! direction or the other, the cradle being mov-

the threads of the fahric arranged diagonally
to the transverge spars and loxrllgltudmal ribs,
as indicated at 6 in Fig. 2: us the diag-
onsl threads of the cloth form truss systems
with the spars-and ribs, the threads consti--

tuting: the diagonal members: A-hem is

_formed at the rear edge of thecloth to receive

a wire .7, which is connected to the-ends of
the: rear spar and supported by the rear-
wardly-extending ends of the lorgitudinal
ribs 5, thus forming a rearwardly-extending
flapror portion of the aeroplane. This conr-
struction of the aeroplanes gives 8 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, asin
the construction illustrated, they are -con-
nected together by upright standards 8.
These standards are sugstantdally rigid, be-
ing ]l)refembly constructed of wood and of
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 draw-

. ings. In this construction .each end of the

standard 8 has secured to it an eye 9, which

~ engages with a hook 10, secured to & bracket-

plate 11, which latter plate is'in turn fas-
tened tothe spar 3. Diagonal braces or stay
wires 12 extend from each eénd of each stand-

- ard to the opposite ends of the adjacent

40
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- at the front.corners e and f of the

6o

standards, and as a convenient mode of at- |

taching these parts I have shown a.hook 13
‘made mtegral with the hook 10 to receive
the énd-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.constriic-
tion forms a truss system which gives the
whole machine great transverse rigidity and
strength, while at the same time tie jointed
connections of the parts permit the aero-
planes to be bent or twisted in.the manner
which we-will now proceed to deseribe. . '

15 indicates a rope or other flexible con- |-

nection extending lengthwise of the front of
the machine above the lower aeroplane, pass-
ing under pulleys or other suit&bﬁ guides 16 -
lower aero-
plane, and extending thence upward and
rearward to the upper rear corners.c and d-
of the upper aeroplane, where they are at-

* - tached, as indicated at 17. To the central
- portion of this rope there is connected a lat-

65

erally - movable cradle 18; which forms &
means for moving the rope lengthwise in one -

lower aéroplane, with his head to the front,

‘dle, and the cradle can be moved laterally

* throughout the other side or half o

able toward either side of the machine. . We

have devised -this cradie as a convenient

means for operating the rope 15, and the
machine is inténded-to be gerierally used with
the -operator lying face downward 6n the

so that the operator’s body rests on the cra-

the moyements of the operator’s body.
will be inderstood, however, that the rope 15
may be manipulated in any.suitable manner.

19.indicates a second rope extending trans-.
versely of the machine along the rear edge of
the body portion of the lower aeroplane, pass-

‘ing under suitable pulleys or guides 20 at the
rear corners g and k of the lower aeroplane,
.| and extending thenee diagonally upward to

the front corners ¢ and b of the upper aero-
plane, where its ends are secured in‘any.suit-

- able 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.¢ and securéd to the corner-d will bs
under ‘tension, while slack ‘is’ F_ai’d out

the rope

nytv
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15. The part of the rope 15 under tension

-exercises & downward pull upon the rear up-

per corner d of the structure and an upward -

pull upon the front lower corner e, as indi-
cated by the arrows. . This causes the corner
d fo movedownward and the.corner eto move:
upward.  As the cofner ¢ moves upward it
carries the.corner ¢ upward with it, since the
intermediate standard 8 is substantialiy.rigid
and maintains an equal distance between the
corners.a and e at, all times. Similarly,.the

‘standard 8, connecting the corners d and &,

causes the corner & to movedownward in uni-
son with the ‘corner'd. Since the corner .a

‘thus moves upward and-the corner & moves

downward, that portion of the'rope 19 con-
nected to the corner a will be pulled upward -
through the pulley 20 at the corner b, and the
‘pull thus exerted ‘on the rope. 19 will pull the -
corher b on the other side of the machine
downward and at the same time pull the cor-
ner g at said other side of the machine up-
ward., Thisresults in a downward movement
of the corner b and an-upward movement of
the corner ¢. -Thus it results from a lateral
movement of the cradle 18 to the right in
Fig. 1 that the lateral margins @ d and ¢ b at
one side of the machine are moved from. their
normal positions,in which theylie in the nor-

100
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mal planesof theirrespective aeroplanes, into.-
angular relations with said normal planes, -

-each lateral margin on this side of the ma-
- chine being raised above said normal plane at

its forward end and depressed below.said not-

130
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mal plane at its rear end, said lateral margins

being thus inclined upward and forward. At
the same time a reverse inclination is impart-

ed to the Jateral margins b ¢ and f ¢ at the

5 other side of the machine, their inclination
being downward and forward. These posi-
tions are indicated in dotted lines in Fig. 1 of
the drawings. A movement of the cradle 18

in the op|i)osite direction from its normal po-

10 sition will reverse the.angular inclination of
the lateral margins of the aeroplanes in an
obvious manner. By reason of this con-
struction it will be seen that with the particu-
lar mode of construction now under consider-

15 abion it is possible to move thie forward corfier
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 lat-

zo eral margins.on the other side of the machine
occurring simultaneously. During this o

eration each aeroplane is twisted or distorted

around a line extending centrally across the

same from the middle of one lateral margin to

25 the middle of the other lateral margin, the

twist due to the moving of the lateral mar-

- gins to different angles extending across each

aeroplane from side to side, so that esach aero-

plane-surface is given a helicoidal warp or

30 twist. We prefer this construction and

mode of operation for the reason that it gives

a gradually-increasing angle to the b dy of

each aeroplane from the central longitudinal

line thereof outward to the mar%n, thus giv-
-35 ing a continuous surface on eac 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

40 not limited to this particular construction,
since any construction whereby the angular
relations of the lateral margins of the aero-
planes may be varied in opposite directions

. with respect to the normal planes of said
45 aeroplanes comes within the scope of our in-
vention.  Furthermore, it should be under-
stood that while the lateral margins of the

seroplanes move to different al:i.{ular posi-:
v b

tions with respect to. or above and below the
5o normel 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 hori-

zontal plane, since the normal planes of the
55 bodiés of the -aeroplanes are inclined to the
horizontal when. the machine is in flight, said
inclinationbeing downward from front to rear,

-and while the forward corners on one side ot

the machine may bé depressed below the nor-
6o mal planes of the bodies of the aeroplanes

said eﬁression is not necessarily sufficient to
earry ¢

em below the horizontal planes peass-

- ing through ‘the rear torners on that side..

Moreover, although we prefer to,so construct

65  the apparatus that the movements of theé lat-

eral margins on the opposite sides of the ma- -
chine are equal in extent and opposite in di-
Tection, yet our inverition is not Emitcd to a
construction producing this result’ since it
may be desira;lll)l_e under certain circumstances

7o

to move the lateral marginson onesideof the -

machine in the marinér just deseribed. with-
‘out moving the !ateml-margins on the other
side of the machine to &n cqual extent in the

opposite direction. Turning now to the pur- 75

pose of this provision for moving the lateral
margins of the aevoplanes in the manner de-
scribed, it should be prerised that owing to
various conditions of wind-pressure and other

causes the body of the machine is apt to be- 8o

come unbalanced laterally, one side tending
to sink and the other side tending to rise, the
machine turning around its central longitu-.
dinal axis. The provision which we have

just described enables the operator to meet 85

this difficulty and preserve the lateral bal-

ance 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 & tendency to drop downward, a ge

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 mar-

and rearward and thelateral margins b ¢ and
f g will be inclined upward and rearward with
respect tothe normal planesof thebodies of the
aeroplanes. : With the parts of the machine
in this position it will be seen that the lateral
margins a d and ¢ % present a larger angle of
inc¢idence to the resisting air, while the lat-

“eralanargins on the other-side of the machine

present & smaller angle of incidence. Owing
to this fact, the side of the machine present-
ing the larger angle of incidence will tend to
lift or move upward, and this upward move-
ment will restore the lateral balance of the
machine. ‘When the other side of the ma-
chine tends to drop, & 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 ixlx the ca,sleiof amachine employ-
ing only 4 single aeroplene. ©~ T
n{in ctj)"nnecI}:%on with the body of the ma-
chine as thus operated we employ a vertical
rudder or. tail 22, so supported .as to ‘turn
sround a vertical axis. This rudder is sup-

‘ported at the rear ends of supports or-arms

23, pivoted at their forward ends to the rear
margins of the upper and lower aeroplanes,
T tively. These supports are preférably
—sﬁaped, as shown, so that their forward -
ends are comparatively widely sesparated,
their pivots being indicated at 24. (
ports 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.

'gins ¢ d and ¢ % will be inclined downward g5
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