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To «ll whom it may concern.:

Be it known that we, Urvsses Graxr Lie
and WitLzad Avustiy Darran, citizens of
the United States of America, and both re-
siding at 1164 Forfy-fourth street, in the
¢ity ‘of Brooklyn, county of Kings, and
State of New York,

~new and useful Tmprovements in Flying-
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Machines, of which the following is a speci-
fication.

Our Invention Iehtea to flying machines
of the type in which the weight-is sustained
by the reactions resulting from the move-
nient of one or more surfaces through the
air, either by mechanmal power ot the force
of trmntv

The objects of our invention are: 1st, to
provide a supporting surface of such’ de-‘
signe that it will tend to return, automati=’

LJHV to the - normal position if temporarily

dlbplacec ; 2d, to provide additional means.

for mdmtnnmrr lateral stability, or for re-

gaining the same; and 3d, to provide means
for duectm«r the machine.both ver tically and
hormontany and for maintaining such di-
rection; and such. other purposes as are set

“forth.

To accomphsh these ends, our mventlon

consists of certain novel features which are.|

shown in the*accompanying drawings, -de-
seribed in the spe(*lﬁumon. and then defi-
nitely pointed out in the claims.

In the pccompanying drawings, Figure 1
is a perspective view of a ﬁymw machine
embodying our invention in one form. Fig.
2 is a side elevation showing the devices for
directing the motion of the machine. Fig.
3 is a plan view showmrr the mechanism for

operating the vertical Tudder. Fig. 4.is a
section  on lme a—b showing the auxiliary |
gaining transverse equilibrium. .

means ¥or'r

Our mventmn velates to those ﬂymp' ma-

chines in which the weight is supported by
the reactions resulting from the movement
of one or more sur facec through the air, the
said surfaces being of such shape and in-
clined at such. an angle that the air adja-
cent to said surfaces. is accelerated in a

_ downward direction.
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- Experience has shown that it is not dif-
ficult to lift a comparatively large weight
by the reaction between the hupporunb' sur-

face and the air, but with all types of ma-

chines which have previously been devised,
it is a very difficult matter to meintain

have invented certain

Lthbruun. requiring the constant“ﬁiten— '

tion of the operator.
It is the object -of | our mventmrr to pro-

vide a supporting: surface which; as ‘a re-

sult of its shape, will tend to dqtoxnatmaﬂy
regain its equilibrimmn if. disturbed, and

wlich will not. have.its. equlhbnmn “dis- .
turbed .by- changes of ‘the relative velocity .
of the machine and the air, or by changes .

of direction. To. best obtain these ends it
“is preferable, though. not absolutély neces-
sary, that the means for, direeting the mo-

’
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tion of the machine be co-nstructed as herem ‘

-described. Co
Turning now to the drawmgs I‘lo' 1

shows in perspective -one type of surface

having the features. which_we have diseov-

ered to be necessary to insure an automatic

maintenance of equilibrium, 2 constatit po-
sition” for the center of upward pressure,

and the other advantages which we claim..

©ur surface is built on a keel, 1, to which the
ribs 2, are rigidly fastened at their lower
ends.
the ribs are.Lent on arcs of circles, increas-

In the construction which we prefer = -

30"

ing in size from front to rear, so that the re-

sultant surface is substantially cone-shaped.
‘To the outer ends of the ribs and to the for-
ward end of the keel, longitiidinal strips 3,
are attached. At the rear extremity of the
surface formed by covering the framework
“just described with ‘any suitable material,
two floating ribs 4 ave attached. - The float-
ing ribs 4, ave fastened at their outer ends
to lonoritudinal strips 3, while at their in-

ner end they are fastened together and piv--

oted to the bell-crank .5, by pivot 6. The
lower end of the bell erank 3, is plvoted by
‘pin 7 to the rear end of connecting rod 8,
which at its forward end is pivoted to le]
-ver 8. One end of lever 9 is pivoted to the
keel 1 while. the other end is formed into a
handle 10. The frame eomposed of ribs 2
and 4, longitgdinal pieces’ 3 and keel 1 is
covered with any suitable material as for
instance canvas, tig;htlv stretched in plate
Two similav sections of a conieal surface
are thus formed, the sections being joined
together along an element at the keel.  The
two parts of this supporting surface are held
in their relative pomxons by spacing means
11 and 12 which are fastened to ribs 2 and
4 at their highest points. A’seat 13, is fas-
tened to the keel for the convenience of the
oparator.
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A rudder for steering the flying machine
in a horizontal plane is shown at 14, piv-
oted on pins 15, the said pins being held on

rods 16 and 17 which are fastened respec--

tively to the keel and to the spacing strut
12. The axis of the rudder-is situated in the

-vertical plane through the center of the keel.

The said axis is however inclined at an an-
gle to the vertical, sloping from the lower
front end upward and backward to the rear
and upper end. With the relative propor-
tion of parts as shown in our drawings we
have found 45 degrees to be a satisfactory

. angle though for obvious reasons we do not
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‘the operator.

limit ourselves to this angle. The rudder
bar 18 is fastened at right angles to the
plane of the rudder through its forward
edge. Rudder ropes 19, are fastened to the
rudder bar 18and passgthrough rings 20 to
horizontal lever 21 to which the ropes are
fastened by rings 22. The lever 21 is piv-
oted to the leel at 23. The end of lever 21 is
formed into a handle at the end adjacent to

bearings 24 is a rod 25 carrying a rocker 26
and a Jever 27. Cords 27* are connected
from the longitudinal strips 3 at points ad-
jacent to the ribs 2 to the rocker arm and
tirmly fastened to the center of the rocker.
- From the above description.of the sup-
porting surface, together with ‘the drawings,

1t is clear.that the cutting edges of said sur- |

face, or the edges which first cleave the air,
extend diagonally from front to.rear, sub-
stantially the length of the machine,
it is a well established fact that the greater
part of the lifting power of any surface

‘which moves relatively to, the air is con-

centrated within a -short distance from the
cutting edge. It is further well known that
for different angles of inclination and for
different speeds with the same inclination
the position of the resultant upward pres-

_sure is very different. An approximate rule

is that as the angle of inclination varies
from 90 degrees (or u position: perpendicular
to the direction of flight) to 0 degrees (or a
position parallel to the direction of flight)

“the center of upward pressure,varies from

the geometrical center of the surface to the

forward or cutting edge. A similar shifting.

takes place as the relative speed of the air
and the surface is varied. It is understood
that the above shifting of the tenter of pres-

"sure takes place chiefly in surfaces, the cut-

ting edge of which is substantially perpen-

dicular to the direction of motion. It is also

common knowledge that the above described
phenomena of the shifting of the center of
upward. pressure is due to the fact that the
cutting edge supplies a’larget and larger
part of the total lifting power as the speed
increeses and as the angle of inclination de-
creases. ' o ‘

As a result of the shifting of the center of

Supported below the keel by

Now.

upward pressure all flying machines em-
ploying surfaces in which the cutting edge
‘15 substantially perpendicular to the diree-
tion of flight, experience a continual tend-
ency to dive upward or downward as the

- speed or angle of inclination changes. Such

changes of equilibrium require the constant
attention of the.operator to overcome them.
If, however, the cutting’edge extends sub-
stantially the entire length of the surface
from front to rear, any increase or decrease
in the lifting force at the cutting edge will

"be distributed the entire length of the sup-

porting surface with the result that the cen-
ter of pressure will be substantially un-
changed in position.
equipped with a supporting surface of the
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The machine whan -

character described 15 therefore stable longi- .

tu@inally ‘or about a horizontal transverse
axis, o T .
" Turning now to Fig. 4 and considering

the transverse stability of the supporting’

wsurface it will be seen:that there are two

85

causes Which operate.to return the machine -

-to its normal position when displaced for
any reason. The first cause is due to the
fact that as the machine tilts over, as for
example toward the left side, the projected
ares of the left side upon a horizontal plane
increases, while the projected area of the
right side decreases. Since the supporting
power of any surface is proportional to the
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projsected area, other conditions being equal, -

the upward. force on the left side increases
while that of the right side decreases with
the result that the flying miachine will tend
to right itself. The second cause which con-
tributes to automatic stability is due to the

fact that as the surface tilts toward one side,

the center of downward pressure due to the
weight, is shifted to the other side, thereby
ereating a couple tending to right the ma-
chine. ¥t therefore follows that a flying
machine equipped with a supporting surface
of the type here described 1s in a condition
of stable equilibrium both transversely and
longitudinull%r. ‘ : .
As an auxiliary means of regaining trans-
verse equilibrium we provide the means con-
sisting of rod 25, rocker 26 rigidly fixed
thereto, and flexible connections. 27* which
are ‘fastened to the rocker and to the sup-
porting surface at the rearward end of
strips 3. By turning down lever 27 as
shown in the dotted lines in Fig. 4 one
side of the supporting surface 1s pulled
down while the other side is allowed to
move upward, thereby sccomplizshing the

same end as the bodily rotation of the sur~

face about a longitudinsl axis, namely de-
creasing the projected sres on the side which
has -turned downwurd, and increasing the

projected ares.on therside which has rotated”

upwerd, thus producing & couple which acts

to restore the machine to ita normsl position,
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In order to direct the machine in a verti-

- eal plane, and as an auxiliary means of

maintaining longitudinal stability we have
provided the means shown in Figs. 1 and 4.

‘Fhe said means consists of two floating ribs |

-4, at the rear extremity of the-suppeorting
© surfaee, the said ribs being fastened together
. at their inner and lower ends, and pivoted

10

‘15

at this point to the bell erank 5 which is

‘conmected by rod 8 to lever 9. If lever 9

be moved into the pesition shown in- the
dotted lines in Fig. 9 the bell crank will be
rotated as shown, and the rear end of the
supporting surface will bé depressed into
the position shown by the dotted lines. We
preter to depend upon the flexibility of the

.material forming the framework of our ma-

* chine to allow this deflection, though hinges
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or any, suitable pivots may be used. The
deflection of the rear end of the supperting
surfaee increases the pressure of ‘the air
upon this portion, thus shifting the center
of upward pressure backward with the re-
sult that the machine will be directed down-
ward. A movement of the lever in a reverse

direction will cause the rear margin of the

supporting surface to be raised, with the re-
sult that the center of upward pressure will
be shifted forward thus causing the ma-
chine to be directed upward. It is obvious
that the means of directing the machine in
a vertical plane may be used as an auxiliary
means of maintaining equilibrium.
Coming next to the means for directing
the flying machine in a horizontal: plane,

we have found that there "are two ferces.

which act to tend to over-turn a machine
which is turning about a vertical axis. The

‘first 15 the centrifugal foree due to the mass

of the machine. Since the center of mass is

-below thé center of upward pressure, the

- centrifugal force produced wheén the ma-

45

50

- 55

60

65

chine-turns about a vertical axis will act to
throw the weight outwsard, thus depressing
the side of the supporting surface, toward
which the machine ig- turning. * A slight
movement in this direetjon is advantageous
as it prevents the wachine from sliding side-
wise through the air. There is a second
force which is caused by the backward travel
of the center-of upward pressure as the ma-
chine turns. This foree acts to depress the
forward end of the machine causing it to
tend to dive forward. -

The part of our invention which relates

‘to.the vertical rudder provides means for so

designing the rudder that the forces upon
it are sufficient i marmitude and in the
proper direction to overcomes the - forces
which t-ud to dectroy the eguilibrium of the
fiying machine.  One: srrangement which
accomplishes these ends is shown in Figs.
1, 2, and 3. This consists of a rudder 14
which may be most satisfactorily formed by
stretching any suitable covering over a

frame work of the shape shown. We have
found it preferable to pivot the rudder on an
axis passing threugh 1its front edge though
| this Is not neeessary.” As shown in the drayy-
ings the rudder is pivoted by pins 15 on an
- 2x1s inclined abaut 45 degrees, the said axis
 sloping from the lower and forward edge
- upward and rearwardly te the upper and
- back edge. A cross-bar is connected to the
| forward edge of the rudder and to wires 19,
' which pass through rings 20 to lever 21.
- Thus when lever 21 is moved to the position
' shewn in the dotted lines in Iigs. 2 and 3,
* the rudder is retated as shown in the dotted
“lines. It will be noted that the center of
- pressure of the rudder is above the center
- of weight of the flying machine. As a re-
| sult, when the rudder is turned about. its

- of air upward and backward-and will thug

- By making the surface”of the rudder suffi-
 cienitly large the dewnward force will have
. a suflicient value to automatically overcome

the tendency of the machine to dive forward

| sharpness of the twrn, and consequently the
tendency to dive increases, tl1e effective angle

‘cally correcting .the diving tendency and
hence " automatically maintaining equilib-
rium. The tendency to overtwrn due to the

| centrifugal force exerted by the mass of the
| flying machine in turning is counteracted by

the side thrust of the air on the rudder due

rudder is turned. From an inspection of the
figures it’ will readily be seen that the side
thrust of the air is exerted on the side of the
rudder toward which the machine is turning.

center of support instead of belw, the two
forces may be made to neutralize each other by
making the area of the rudder sufficient and
the distance of the center of the rudder above
" the cetiter of mass the requisite amount.

ing description that there are a number of
diffierently shaped surfaces which may have
the characteristics enumerated, and which
will therefore possess automatic stability
both about a central longitudinal axis and
also about a transverse axis which is hori-
zontal, and we do not desire to be understoed
to limit ourselves to any particular detail
of construction. , - :
The features which we have discovered fo
bs necessary for automatic stnbiligéy
ecentre]l longitudinel axis are as follows:—
1. At least one vertical surface or keel ex-
tending from iront to rear of the machine,
: . - h
and symmetrically located. 2. Such a dis-
position of weight and supporting surface

that the center of weight of the inachine is

a

' inclined axis its surface will deflect currents -

o turning. It will also be noted that as the '

-to'the sideward deflection of the air when the.
Since this side thrust is in the same direc-

tion as the centrifugal force but above the

It will now be evident from the forego-’

abont a
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- have a downward foree upon its.surface. -

90

| of inclinationt also increases! thus autometi- -
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below the center of upward force of the sup-
porting surface. The feature which we have
discovered to be necessary for securing auto-
matie stability about a traunsverse, horizon-
tal axis is a supporting surface the cutting
edge of which extends from Tront to rear
either by subdividing the surface into a
number of planes placed one behind the
other, by a cutting edge which extends diag-
onally from front to rear, or some equiva-
lent. " It is a supporting surface combining
these characteristics which we desire to claim
and we do not wish to be understood as lim-
iting ourselves to the exact construction de-

scribed, as this is merely the form which we

nave found successful with relatively small

Having now described the features of our
invention we make the following claims.
We do not wish to be understood” to limit
ourselves to the exact details shown as it is
obvious that many modifications can be
made therefrom, and still come within the
scope of our invention. We do not limit
ourselves to curved surfaces, though from
structural reasons they are much simpler to
build than plane . surfaces. We - include
under the term “ conical surface ” and “ sub-
stantially conical surface” as used in the

following claims and in the specification,,

those surfaces which are composed of sev-
eral individual elements or surfaces so com-
bined that the lines of intersection of the
component adjacent elements with each
other, or these lines of intersection continued,

~ converge toward the forward part of the ma-

40

.of o pyramidal wedge.

55

chine. In the limiting case when the indi-

" vidual surfaces are made numerous enough

this structure becomes a cone but we desire
to include also the surface of a pyramid and
It 1s of course
understood that the lines of intersection or
these lines continued do not necessarily con-

- ‘verge to a mathematical point, as a consid-

erable variation is allowable and still secure
the results of our invention. By the term
“element™ as used in the following claims
we refer to a line situated in the lifting sur-
face and extending from the front to-the
Tear of said surface. In case a strictly coni-
¢al surface were employed it would be the
line which would generate the surface

mathematically, though for obvious reasons |

we do not desire to confine ourselves o the
single case of the mathematical element,

posed in a vertical

. 989,786

By supporting surfaces we refer to that sur-
face of the flying machine which by reason
of its reaction with the air sustains the
weight of the machine. By the term cutting
edge we refer to the edge of the supporting
surface which initially enters the air.
Having now fully described our invention,

| what, we claim as new and desire to secure

by Letters Patent, is— ‘

1. In a flying machine, the combination of
a compound supporting surface, composed
of ‘symmetrical, substantially conical sur-
faces, concave downward and joined along
an element, the outer or cutting edges of
said supporting surfaces being disposed be-
low the central elements of said surfaces,
and a rudder for directing the course of the
machine, the axis of said rudder being dis-

plane and inclined from
front to rear. o L

2. In a flying machine a compound sur-
face composed of symmetrical, substantially
conical surfaces, concave downward and dis-
posed side by side, the said surfaces con-
verging toward the furward part of the
machine, . ‘

3. In a flying machine a compound sup-
porting surface, composed of symmetrical,
conical surfaces, concave .downward, and
joined along,an element, the outer or cut-
ting. edges of said conical surfaces being
disposed below the central elements of said
surfaces, L .

4. In a -flying machine a supporting sur-

face having substantially the shape of the.

surface of a segment of a cone, the apex of
the cone being in the direction of the for-
ward part of the surface. : .

.

5. In a flying machine, an automatically *

stable supporting surface composed of two
symimetrical portions of substantially coni-
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cal surfaces said surfaces being concave -

downward and disposed side by side, the
inner edges of said surfaces being continued
to form a vertical portion or keel extending
longitudinally. the length of the machine.
In testimeny whereof, we have signed our
names to this specification in the presence

‘of two subscribing witnesses, this eleventh

day of February 1910.
UCLYSSES GRANT LEE.
WILLIAM AUSTIN DARRAIL
. Witnesses: .
Fergrxanp Lk,
- Apam Harpoy.

Copiez of this patent may be obtaiuned for Ave cents eacii, by addressing the “ Commissionar of Patents,
Weshington, D. C.”
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