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To all 1l it Duey concern:. e
Be it known that we,” ORviLLE WRIGHT -

UNITED STATES.

PATENT OFFICE.

ORVI.I';LE WRIGHT AND WILBUR WRIGIHT. OF DAYTOXN, OH10.

FLYING-MACHINE.

No.821.393,

Bpecification of Letters Patent, -

_Patented May 22, 1906,

Application filed March 28,1003 - Serial No. 149,220,

- and WiLBUR Wrienr, citizens of the United
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‘5 of Montgomery, and State of O

States, residing in the city of Dayton, county
1o, have in-

vented certain new

a specification. .. .
ur inventjon rélates to that class of fly-

ing-machinesan 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. inciaence, either by
the apf_;h'cqti(m_ of mechanical power or by
the utilization of the force of gravity.

The objects of our invention are to 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 horizontall 7, and to pro-
videa structure conibining lightness, strength,
convenience of ‘construction, and certain
other advantages:which’ will hereinafter ap-
pear. . - ‘ ; .
To these ends ur 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 acconpatiying drawings; Figure 1 is
& perspective view of an apparatus embody-

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

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

side elévation, and Figs. 4-and 5 are detail.

views, of one form of flexible joint for connect-

ing the upright standards with the aeroplanes.”

Tn ff ing-machines of “the character to
which this invention relates the .a-glpamtus 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 forward 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-

A 1 ; 'w and useful Improvements
in Flying-Machines, of which the following is”

“tions of the structure w

. havin%
I

ous disturbing forces which tend to shift
the machine from the position which it should
oceupy -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 construction
bgr means of which these results are accom-
plished. ’ : B

_In the accompanying- drawings we have
shown en apparatus embod yingourinvention

In one form. In this illastrative cmbodi-
ment the machine is shown as comprising
two parallel superposed aeroplanes 1 and 2,

and this construetion we

B i prefer, although our
Invention ma?f

: be embodied in a structire
having a single aeroplane. Each aeroplane
18 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-}et,tbrs a, b, ¢, and d, while the
corresponding eorners of the lower acroplane
2 are indicated by the reference:letters e,df,
g,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 laterarl) 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 g &. e

Before proceeding to a ‘description of the

60
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funda-nental theory of operationf the struc- -

ture we will first describe the preferred mode
of constructing the aeroplanes and those por-
Eich serve to connect

the two aeroplanes. : L
Each aeroplane 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,"

their ends being connected by bows 4, ex-

95

tending from front to rear of the machine..

The front and rear spars 3 of each geroplarne
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 'V{om{
‘the -necessary strength, combined

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 ori the biss and
made up into a single piece approximately
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the size and’ shape of the aeroplane, having ! direction or the other, the cradle being mov-

{the threads of the fabric arranged diagonally
to the transverse spars and loxrlﬁltudmal ribs,
as indicated at 6 in Fig. 2: Thus 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 the cloth 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 & rearwardly-extending
flap-or portion of the aeroplane. This con-
struction 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 seroplanes’are employed, asin
the construction illustrated, they are -con-
nected together by upright standards 8.
These standards are substantjally rigid, beé-
ing Yreferably 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 a bracket-

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

- ard to the opposite ends of the adjacent
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- at the front corners ¢ and f of the

6o

standards, and as a convenient -mode of at- |

taching these parts I have showna .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.constric-
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-
nectton extending lengthwise of the front of |
the machine above tlie lower aeroplane, pass-
ing under pulleys or other suitabﬁa guides 16
lower aero-
plane, and extending thence upward and
rearward to the upper rear corners.¢ 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 a
means for moving the rope lengthwise in one -

lower séroplane, 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 cradle as & convenient

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

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

the movements of the operator’s body.
will be understood, however, that the rope 15
may be manipulated in eny.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 % of the lower aeroplane,
| and extending thence 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 secured to the corner d will bs
under “tension, while slack -is F_ai’d out

the rope

blytv

o

i
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15. The part of the rope 15 under tension

-exercises & downward pull upon the rear up-

per corner @ 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.cornereto move:
upward.  As the cofner ¢ moves upward: it
carries the corner ¢ upward with it, since the
intermediate standarg 8 is substantialiy.rigid
and maintains an equal distance between the
‘corners.a and e af; 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 ¢

‘thus moves upward and-the corner % moves

downward, that portion of the'rope 19 con-
nected to the corner ¢ will be
through the pulley 20 at the corner kb, 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 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 e b at
one side of the machine are moved from their
normal positions,in which theylie in the nor-

100

10§

pulled upward 7

120

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 lateral margins b-¢ und f ¢ at the
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[l)osite direction from its normal po-
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-
ation it is possible to move the forward corfier
of the lateral edges of the aeroplane on one
side of the machine cither above or below the

normal planes of the aeroplanes, a reverse:

movement of the forward corners of the lat-
eral margins.on the other side of the machine
occurring simultaneously. During this op-
eration each acroplane 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 mar-

- gins to different angles extending across each

30
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aeroplane from side to side, so that each aero-
plane-surface is given a helicoidal warp or
twist. We prefer this construction -and
mode of oFeration' for thereason that it gives
a gradually-increasing angle to the b

of
each aeroplane from the central longitud)irna.l,

line thereof outward to the margin, thus giv-
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
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 "noi'malIx;)lanes of said
aeroplanes comes within' the scope of our in-
vention. ' Furthermore, it should be under-
stood that while the lateral margins of the
aeroplanes move to different a
tions 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 hori-

zontal plane, since the normal planes of the
bodiés of the aeroplanesare inclined to the | p

horizontal when. the machine is in flight, said
inclination being downward from front to rear,

-and while the forward corners on, one side ot

the machine may bé depressed below the nor-
mal planes of the bodies of the aeroplanes
sald depression is not necessarily sufficient to
CarTy tﬁem below the horizontal planes pass-

ing through ‘the rear torners on that side..

Moreover, although we prefer to,so construct

the apparatus that the movements of the lat-.

"gins @ d and e & will be inclined downward

ar posi-:

| their pivots being indicated at 24.

eral margins on the opposite sidés of the ma-
chine are equal in extent and opposite in di-
rection, yet our inverition is not ﬁmitcd to a
construction I;]'>roducing this result; since it
may be desirable under certain circumstances

g

7o

to move the lateral marginson onesideof the

machine in the mariner just described. with-
‘out moving the lateral margins on the other
side of the machine to &n cqual extent in the
opposite direction. Turning now to the pur-
pose of this provision for moving the lateral
margins of the aernplanes in the manner de-
scribed, it should be nwemised that owing to
various conditions of wind-pressure and other
causes the body of the machine is apt to be-
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
this difficulty and preserve the lateral bal-

75
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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
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 the:lateral margins b ¢ and
J g will be inclined upward and rearwsrd with
respect tothe normal planesof thebodiesof the
aeroplanes. : With the parts.of the machine
in this position it will be seen that the lateral
margins a ¢ and ¢ % present a larger angle of
in¢idence to the resisting air, while the lat-

“eral anargins on the otherside of the machine

present a 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 in the case of a machine employ--

ing only d single aeroplane. * =~ )
nﬁ'n ct))'rnneclﬁon with the body of the ma-
chine as thus operated we employ a vertical
rudder or. tail 22, so supported .as to ‘turn
around a vertical axis. This rudder is sup-
orted at the rear ends of supports or-arms
23, pivoted at their forward ends to the rear
margins of the upper and lower aeroplanes,
x tively. These supports are preférably
-sﬁaped, as shown, so that their forward -
ends are comparatively widely separated,

ports are free to-swing upward ‘at their free

‘rear ends, as indicated in dotted lines in Fig.
-3, their

downward movement beirig limited
in any suitable manner. - The vertical pivots.

9@
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- of the rﬁ&dér 22 are indicated at 25, and one

 of these pivats has mounted thereon a sheave |
26, around which passes & tiller-

or pulley hich passes a
rope 27, the ends of which are extended out
5 laterally ‘and secured fo the rope 19 on oppo-
.site 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

1o flight. - It will be observed in this connection
.that the construction is such that the fudder
will-always be so turned as to present its re-
sisting-surface on that side of the machine on
which the lateral mar§ins of the aeroplanes
present the least angle of resistance. The
Teason of this construction is that when the
-lateral margins of the aeroplanesareso turned
. in the manner hereinbefore described as to
- present different a?les of incidence to the
20 atmosphere that side presenting the largest
- angle of incidence, although being lifted or
moved upward in the manner already de-
scribed, at the same time méets with an in-
creased resistance to its forward motion, and
is therefore retarded in its forward moticn,
while at the same time the other side of the
machine, presenting & smaller angle of. inci-

15

- 38

dence, meets with- less resistande fo its for-’

.- Ward motion and tends to.move forward more
30 |
the machine a tendency to turn around its

- vertical axis, and this tendency if not prop-’

erly met will not only ¢hange-the direction of

the front of the mac{xine, but will ultimately
35
" tion vertically below the other side with the
aeroplanes in vertical position, thus causing
the machine to fall. 'Fﬁe movement of the
rudder hereinbefore described prevents-this
action, since it exerts.a retarding influencé on
that side of the machine which tends to move
- forward too rapidly and keeps the machine
with its front properly presented.to the direc-
tion of flight. and with its body properly bal-
anced sround its central longitudinal .axis.
The: pivoting of the supports 23 so as to per-

40

45

" mit them to swing upward prevents injury to’

the rudder and its supports in case the ma-
“chine alights at such an angle as to cause the

50 rudder to_strike the ground. first, the parts

yielding upward, as indicated in dotted lines
‘In Fig. 3, and thus preventing injury ar
- .breakage. We wish it to be understood,
- -however, that we do not limit ourselves to
§5- the particular description of rudder set forth,
- -‘the essential being that the rudder shall be
. vertical and shall be so- moved as to pre-
. ~.gent its resistirig-surface on that side of the
machine which offers the Jeast resistance to

6o the atmosphexjei- 80 as to counteract the tend-

ency of the m
axis when the two sides thereof offer different

- resistances to, the air. . _
-1 From the central portion of the front of the
- b5 machine struts 28 extend horizontally for-

wchine to turn around s vertical

rapidly then the retarded side. This gives |

permit one side thereof to drop into a posi- |

|-grasped
-same-in either direction. - Bands 38 extend

" 821,808

ward-from the lower aeroplane, and struts 29
extend downward and forwsrd from the cen-
tral portion of the. uspelf deroplane, their
front ends being united to the struts 28, the
forward extremities 6f which are tu‘rned up,
as_indicatéd -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 for-

ward when it alights. . The Struts 29 serve to

brace the upper portion-of the main frame .

and resist 1ts tendency to move forward
after the lower aeroplane has been stopped
by its contact with the earth, thereby reliev-
ingtherope 19 from unduestrain, forit will be
understood that when the machine -contes

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

70

8o

85

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 guidés: 20

90

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 bedy, the same consisting of

three stiff cross-pieces or sticks 32, 33, and 34, -
and the flexibleribs 35, connecting said cross- .

ieces 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. - Therudderissupported.

from the struts 29 by means of the interme-
diate 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 asto constitute
& balanced rudder. To the front edge of the
rudder there are connected springs 36; which
sprin

such that said springs tend to resist any

movement eithér upward or downward of the-

- 95

100

105

] are connected to the upturned ends
‘30 of_.the struts 28, the construction being

115

front edge of the horizontal rudder. The = .

rear edge of the rudder lies immedigtely in

front of the operator and may be operated by -
him in any suitable manner. 'We have

shown a mechanism for this purpose. com-
prising a roller or shaft 37, which may be
by the opérator so as to-turn-the

120

from the roller.37 forward to and around &'

similar roller or shaft 89, both rollers orshafts

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

| @he rudder 31, The normal position of the

130
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rudder 31 is neutral ar substantially parallel.

with the aeroplanes 1-and 2; but 1ts rear
edge may be moved upward or downward, so
as to be ahove 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 for-
ward edge of the rudder to move in either di-
rection, so that when force is applied to the
rear edge of said rudder the longitudinal ribs

35 bend, and the rudder thus presents s con. -

cave surface to.the action of the wind either
above or below its normal plane; said surface
%)resenting a small angle of incidence at its
orward portion and said angle of incidencé
rapidly Increasing toward the rear. T(i].is
greatly increases the efficiency of the rudder
as compared with a plane surface of equal
area. By regulating the pressure on the up-
per and lower sides of the rudder through
cha.nges of angle and curvature in the man-
ner described a turning movemént of the
main’ structure around_its!transverse axis
may beeffected, and the course of the machine
may thus be directed upward or downward

at the will of the operator and the longitudi-
‘nal balance thereop ! . ‘

maintained.

Contrary to the usual custom, we place the

horizontal rudder in front of the aeroplanes.

at a negative a.n;ﬂe and employ no harizorital
tailat all. By this arrangement we obtain a
forward surface which is almost entirely free

- from pressure under ordinary conditions of

35

,40

-the object which we obtain by

Ko

55
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flight, but which even if not moved at all
from its original position becomes an effi-
cient lifting-surface whenever the speed of
the machine is accidentally reduced very
much below the normel, and thus largely
counteracts that backward travel of the cen-
ter 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 horjzontal rud-
der of different construction hasbeen usedin
combination with a sup%qrting—surf&cp and a
rear horizontal rudder; but-this combination
was not intended to effect and does not effect

the arrange-
ment hereinbefore described, .

We have used the term “aeroplane” in this-

specification and the appended claims to in-
dll)cate the supporting-surface or supporting-
surfaces by means of which the machine is
sustained in the air; and by this term we wish
Lo be understood as including any suitable
supporting-surface which normally is sub-
stantially flat, although of course when con-
structed of cloth or other flexible fabric, as

we prefer to construct them, these surfaces-

Inay receive more or legs curvature from the
resistance of the air, as jndicated in Fig, 3.
We do not wish to be understood as limit-
ing ourselves strictly to the precise details of
construction hereinbefore = described and

5

without departing from the principles of our
invention. For instance,
construction illustrated in which each aero-
plane is given a twist along
in order to set its opposite
différent angles we have alréady pointed out
that our invention is not limited to this form
of construction, since it is only necessary to
movethe lateral marginal portions, and where
these portions alone are moved only those
upright standards which support the mov-
able ‘portion require flexible connections at
‘theirends. ~ ~ ~ - - " '
Having thus fully described our invention,
- what we claim as new, and.desiré to secure
by Letters Patent, is— . '

1. In a flying-machine,
aero}l))lane ‘having lateral marginal portions
capable of mevement to different positions
above or blow the normal plane of tie body
of the-aeroplane, such movement being abouyt
an axis transverse to the line of flight, where-
by ‘said lateral marginal portions may be
moved to different anglesrelatively to the
-normal plane of the body of the aeroplane,
80 as to present to the atmosphere different
angles o'g) incidence, and meang for so mov-
ing said lateral marginal portions, substan-
tifﬁly'a.s described. ‘ C

2. In a flying-machine, the combination,
with two normally parallel aeroplanes, su-
‘perposed the one sbove the other, of upright
standards connecting said planes at their
margins, the connections between the stand-
ards and aeroplanes at the lateral portions of
the a roplanes being by means of flexible
joints, each of said aeroglanes having lateral

arginal portions capable of movement to
different positions above or below the normal
planeof thebody of the acroplane, suchmove-
ment being about an axis transverse to the
 line of flight, whereby said lateral marginal
-portions may be moved to different angles

Tateral margius at

a norinally flat

-the aeroplane, so:as to présent to the atmos-
phere different angles of incidence, the stand- -
ards maintaining a fixed distance between
-the portions of the acroplanes which they con-
nect, and means for imparting such move-
ment 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
abovs or below the normal plane of the body
of the aeroplane, such movement being about

by said lateral marginal portions may be
'm{)ved to different angles relatively to the
normal plane of the body of the aeroplane,
"and also Lo different angles relatively to each
other, so a8 to present to the atmosphere dif-
ferent angles of incidence, and means for si-

?hqu in the accompanying drawings, as it-
is obvious that these details may be modified

its entire length -

-an 8Xis transverse to ths line of flight, where-

while we prefer the
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multaneously imparting such movement to
said lateral marginal portions, substantially

.. asdescribed. ) S
© 4. In & flying-machine, the combination,
5 with parallel- superposed seroplanes, each
having lateral marginal portions capable of
movement to differcnt positions above or be-
_low the normal glane of the body of the aero-
plene, 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 planc’
of the body of the aeroplane, and to different
angles relatively to each other, so as to pre-
sent to tho atmosphere different angles ol in-
cidence, of uprights connecting said -aero-
planes at their edges, the uprights conneciing
- the lateral portions of the aeroplanes being
connected with said aeroplanes by flexible

IO

15

20
Ing such movement to said lateral marginal
portions, the standards maintaining a-
distance between the parts. which they con-
nect, whereby the lateral portions on the
same side of the machine are moved to the
-same angle, substantially as described. - .
5.Ina fiVI o-machine; an aeroplane hav-.
ing substantially the form of & hormally flat
rectangle elongated transversely to the line

25

.30
parting to the lateral margins of said aefo-
glanea movement. about an-axis fying-in the

ody of the aeroplane perpendicular to said-
lateral margins, and thereby moving said lat-

cral margins into different angular relations
“to thé-normal plane of the body of the aero-
plane, subistantially as described.- N
6. In a flying-machine, the combination,
with two super osod'and ‘normally parallel
acroplanes, ecach having substaniially the
form of a normally flat rectangle elongated
transversely to the line of flight, of upright
standards connecting the cdges ot 'said acro-
planes to maintain their equidistance, those
standards at the latéral portionsof said acro-
planes being connected. therewith by flexible
joints, and means for simultancously impart-
g to hoth tateral margins or both acroplanes

335

40

45

~ & moyement about axes which are perpeadie--
ular to.said wiargins and in the planes-of the.

50
bodies of the respective aeroplanes, and

thereby moving the lateral margins on. the
opposite stdes of the machine into different

angular relations.to the normal planes of the

$5

same side of the machine moving to the same

angle, and the margins on oneside of the ma-

.chine moving to an angle different from the

angle to which the margins on the other side

6o of the machine move, substantially as de-
scribed. - - S ’ '

7 In a tlying-machine, the combination, -
with an aeroplane, and nicans for simultane- -

ously moving the Jateral portionsthgreof into

joints, and means for simultaneousty impait-.

ed | tions on ohe side of ¢

of flight, in-.combination -with means for im-.

respective aeroplanes, ‘the margins on the-

821,398

different’ angular relations to the normal 65
plane of the body of the aeroplane and to..
each other, so as to present to the atmosphere-
diffcrent angles of incidence, of a vertical
rudder, and ;means whereby said rudder is
caused to present to the wind that side there- 70
of nearest -the side of the aeroplane haying .

‘the smaller angle of incidence and offeririg, the -
‘least resistance to the atmosphere, substan- -

tially as described.

8..In a flying-machine, the combingtion, 73
with two superposed and normally parailel
aeroplanes, upright standards connecting the

:edges. of said acroplanes to maintain their

equidistance, those standards at the lateral. '
portions ot said acroplanes being connected 8o
therewith by flexible joints, and means for si~
multaneously moving both lateral portions.
of bath aeroplanes into différent angular re-.

lations to the normal planes of the bodies of
the respective a.cro%lanes,r the jateral por- 8s -

moved
to an angle differeni trom that to which the
lateral portions on the other side of the ma-
chine are moved, so as to present different,
angles of incidence at the two sides of the ma-
chine, of a vertical rudder, and megns where-
by said rudder is caused to present to the

e machine bei

90

‘wind that side thereof nearest the side of the .-

acroplanes having*the smaller angle of inci-
dence and offering the least resistance to the g5
atmosphere, substantially as described. '
"9, In a flying-machine, an aeroplane nor-
mally flat and elongated transversely to the

line of flight, in combination; with means for

imparting to said aeroplane dhelicoidal warp 100

around an axis transverse to thé line of flight.

and extending centrally along thebedy of the -

aeroplane in the direction of the elongation”
of the aeroplane, substdntially as described.

10. In & ﬂffing-machine, two aeroplanes,
each normally flat and elongated {rans-

-
]
(23

.versely to the line of flight, and uprigin

standards connecting the edges of said-nero-
planes to maintain-their equidistance, the
connectionsbetween said standards and aero-
planes being by means of flexible joints, in

II0

' combination with means for simultaneously

imparting to each of said aeroplanes a heli-
, . Be
coidal warp around an axis transverse to'the

line of flight and extending rentrally along 15

the body of the aeroplane in the direction of

the elongation of the aeroplane; substantially

asdescribed. - ' .
11.Ina ﬁrng—machin‘e, two aeroplaites,.

each normally flat and -elongated trans- 120

versely to the line.of flight, and upright .

 stardards connecting the edges of said aero-
‘planes to maintain their equidistance, the

connections between such: standards and
acroplanes being by means of fiexible. joints, 125
in combineation with -means. for . simultane-

ously imparting te each-of said ‘meroplancs a -

helicoida, ‘warp around an.axis transvorse to

N
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. with means for €
surface to the resistance of the atmosphere,

50
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the line of flight and extending centrally
along the body of the aeroplane in the direc-

tion of the elongation of the aeroplane, a ver-

tical rudder, and means whereby said rudder
Is caused to present to the wind that side
thereof neavest the side of the aeroplanes
having the smaller angle of incidence and of-
fering the least resistance to the atmosphere,
substantially as described. '
12, Ina f‘{ying-‘machine, the combination,

with an aeroplane, of a normally flat and sub- |

stantially horizontal flexible rudder, and
means, for curving said rudder rearwardly
and upwardly or rearwardly and down-
wardly with respect to its normal plane, sub-
stantially as described. . :

13. In a flying-machine, the cmhbinaﬁion,

.with an aeroplane, of & normally flat and sub-

stantially horizontal flexible rudder ivotally
mounted on an axis transverse to the line of

-flight near its center, spril‘légs resisting verti-'

cal movement of the front edge of said rudder
and means for mm’rinfz_ the rear ‘edge of sai
rudder above or below the normal plane
thereof, substantially as described.

14. A flying-machine comprising super-
posed connected deroplanes, means Or Mov-
ing the opposite lateral portio\nos of said aero-
planes to different angles to the normal
planes thereof, a_vertical rudder, means for
moving said vertical rudder toward.that side

of the machine é)resenting the smaller angle:

of incidence and the least resistance to the
atmosphere, and a horizontal rudder pro-
vided with means for. presenting its upper or
under surface to the resistance of the atmos-
phere, substantially as described.

15. A flying-machine comprising super-
posed connected aeroplanes, means for mov-
Ing the opposite lateral portions of said aero-
planes 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 incidenceand the least resistancé to the at-
mosphere, and- a_horizontal rudder provided
presenting its upper or under

said vertical rudder being located at the rear
of the machine and said horizontal rudder at

-each aeroplane, said

‘1ts ends secured to

X

the front of the machine, sﬁbstantiaily as de-
scribed. - o :
16. In a flying-machine, the combination,

with two superposed and connected sero. }

planes, of an arm extending rearward from

arms being parallel and

55

free to swing upward at their rear ends, and a” -

vertical rudder pivotally mounted in the rear
ends of said arms, substantially as described.
o 17. A flying-machine comprising two su-
Eerpose@ aeroplanes, normally flat but flexi-

le, upright standards connecting the mar-
gins of said aeroplanes, said standards being
connected to sald aeroplanes by ammiversal
joints, diagonal stay-wires connecting the

| opposite ends.of the adjacent standards, s

rope extending ‘along the front edge of the
lower aeroplane,

‘the front corners thereof, and having its ends

-secured to the rear corners of the upper aero-

plane, and a rope extending along the rear
edge of the lower aeroplane,.passing through
guides at the rear corners thereof, and having
the front corners of the
upper aeroplane, substantially as described.
18. A flying-machine comprising two su-
gerpoéed aeroplanes, normally flat but flexi-
le, ugright'standards connecting the mar-
i said aeroplanes, said standards bein§

ins o
gonnected to said seroplanes by universa
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 aero-
plane, and a rope extending along the rear
edge of the lower aeroplane, passing through
guides at the rear corners thereof, and having
1ts ends secured to -the front corners of the
upper aeroplane; in combination with a verti-
calprudder, and a tiller-rope connecting said

rudder with the rope extending along the-

rear edge of the lower aeroplane, substan-

tially as described.
ORVILLE WRIGHT. .
- WILBUR WRIGHT.
- Witnesses: -~ . ' .
. Cuas. E. TAYLOR,
E. EarLE FORRER.
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