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To all whom it may concern:

Be it known that T, MaxaMTLLIAN STUPAR,
a citizen of the United States, and a resident
of Chicago, in the county of Cook and State

5 of Illinois, have invented certain new and
useful Improvements in Aeroplanes; and I
do hereby declaxs that the following is a
full, clear, and exact description thereof, ref-
erence being had to the accompanying draw-

10 ings. and to the characters of reference
marked thereon, which form a part of this
specification.

This invention relates to improvements in
acroplanes and refers more specifieally to

15 an improved construction in  the plane
proper amd controlling means therefor de-
signed to enable the speed of a heavier-than-
air flying machine to be varied while main-
taining a given load-carrying efficiency, and

20 also arranged to effect and maintain iateral

-equilibrium of the machine.

Tt ds the purpose of the invention to pro-
vide means for adjusting the camber of an
aeroplane, so constructed as to enable the

25 camher to be adjusted at will during flight
and to be maintained at « given adjustient,
both for the purpose of enabling the speed
of a flying machine carrying a given load
to be varied in a way that. will admit of the

30 natural functioning of the ordinary stecr-

ing and controlling means of the machine,
and which will also enable the lateral hal-
ance of the machine to he maintained with-
out warping the planes in a manner hereto-

85 fore common in the control of aeroplanes.

,One of the purposes of the invention is to
provide an aeroplane having the character-
istics above described wherein the adjnst-
ment of the camber, for the purposes set

40 forth, can be made without affecting the
syinmetry of the plane with respect to is
center of pressure or chunge -in center of
pressure when change of angle of incidence
18 made, so that the machine is not thrown

45 out of balance, wherehy changes in the an-
gle of incidence of the plane mects with Tike
responses in all eamber adjustinents of the
plane. " Therefore variations of cambher, for
the purpose set forth. do not introduce new

53 problems ot additional changes in plane con-

trol. -

A further object is to provide an nero-

plane which may thus he symmetrically
cambered and the frame of which may be
made light and strong and the parts of

which are very flexible so
and prompt control,

A further object of the invention is to
provide an aeroplane having means to in-
crease its lift without introducing nndue or
correspondingly increasing head resistance
and_which does not present the planes or
auxiliary surfaces at unnatural or inefficient
angles to the air.

Other ohjects of the invention are to pro-
duce a very simple method for controlling
the eamber of an acroplane and to otherwise
improve acroplanes. and the invention con-
sists in the comwhination and arrangement of
the parts shown in the drawings and de-
seribed in the specification, together with the
mechanical equivalents thereof, and is set
forth in the appended elauns.

The gystem of speed control emploved in
my invention is based upon the fact that a
plane with a deep camber has a greater lift-
Ing power, at a given speed, than a flat plane
or a plane having a small camber. There-
fore. in accordance with my ifweikion the
speed of an aeroplane mav he décreased or
lowered hevond “a normal speed, without
limiting its load earryving capacity, by the
operation of increasing the camber ‘of the
plane. Tt has heretofore heen the practice,
in order t slow down the speed of a flying
machine, to materially inerease the angle of
incidence or an operation Which has been
termed by acronauticians” as ¢ stalling.”
Such stalling operation does not, however,
permit a very great range of speed, and is
moreover dangerons inasmuch as if the en-

gine he killed dnring the stalling operation
the machine is likely to glide or skid hack-
wardly before it ean he controlles for for-
ward velplaning, B '

Tn using my new princijle of adjustable
eamber for Tateral <tability of a flying ma-
chine he planes and contiol therefor are so
adjnsted relatively to each other that whon
the camber of the plane on the side toward
which the machine tends to dips is increased,
therely inereasing the lifting power of suel,
plane, ihe plane at opposite sicle of the ma-
clhine is simnltaneonsly and automatically
decrensed. and s therefore ‘partially de-
prived of its lifting efficiency,-so that said
planes coact to bring the machine to an
éven keel or to a stabilized equilibrium.

The method herein deseribed for varying
the earher of the planes of & Aving machine

as to insure easy

60

65

70

75

80

85

90

95

100

105

110



10

15

20

25

30

35

490

59

2

may be conveniently correlated to the con-
trolling mechanism which is under the di-
rect supervision of the driver in such a way
that through the action of the same hand
operated device the camber of the planes at

‘both sides of the machine may be simulta-

neously increased or decreased to vary the
speed of a machine carrying a given load,
or the reduction of the camber of one side
may occur at the same time the camber at
the other side of the machine is increased to’
effect lateral balance of, the machine. -

T have shown in the drawings, in a some-
what diagrammatic manner, one practical
embodiment of my invention and have con-
fined the illustrated embodiment to two
planes. It will be understood, however, that
said planes may be the wings of a mono-
plane type of flying machine, or that they
may be the upper wings of planes of a bi-
plane type of machine. .

In the Jdrawings:— ‘ '

Figure 1 is a diagrammatic top plane
view of a monoplane flying machine and con-
trolling clements embodying my invention.

Fig. 2 is a transverse section of a plane
embodying my invention.

Fig.'3 1s an underside view of the skele-
ton frame of the machine.

Fig. 4 is a fragmentary plan view
plane. ‘

Fig. 5 is a detail section on the line 5—5
of TFig. 2. - - :

As shown inthe drawings, and referring
in the immediately following parts of the

>of the

“specification to a single plane,—10 desig--

nates the plane as a whole. The frame of
the plane comprises an upper series of lon-
gitudinal members or ribs 11 and a series
of lower longitudinal members or ribs 12
which arve spaced from each other by spac-
ing blocks 13, 13, and transversély extend-
ing spars 14, 15 and 16, the latter spar be-
ing located at the entering edge of the plane.
The said upper and lower members and
spacing members or blocks constitute skele-
ton. or open work ribs which may be made
of ample strength while yet sufficiently
flexible to be readily bent or curved for a
purpose hereinafter described. The said
spars 14 and 16 are herein shown as fixed to
the upper and lower ribs 11 and 12, respec-

. tively, while the spar 15 is fixed to the lower
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ribs and s unattached to the upper ribs.

The spacing blocks 13 are fixed to the lower.

ribs 12 but have sliding engagement with
the upper ribs 11. Such engagement may
De effected by providing the blocks 13 with
grooves 17 which are engaged by guides 18
on the lower sides of the upper ribs 11. 19
designates one of a series of plates or webs
arranged in rear of the spar 15 and fixedly
attached in any suitable manner to the asso-
ciated lower member ot rib 12 of the plane
frame. Said "web or plate 19 is movable

1,220,374

relatively to the upper rib 11 of the plane
frame, and a spring 20 is attached at one end
thereot to the forward wider end of the said

web or plate 19 at 21 and is attached at its'

other end to the upper fabric cover 22 of
the plane which overlaps and terminates in
rear of the forward edge of the fubric cover
strip 23 at the trailing edge of the plane
which is stretched between the spar 15 and
a spar 24 at the said trailing edge of the
plane. A
ployed and an equal number of plates or
webs 19, and the purpose of the springs is
to maintain the upper fabric covering 22
tight under all conditions and various de-
grees of camber and to aid to assist to de-
crease the camber of the plane. The plane

A number of said springs is em-’
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is so constructed that it assumes a normiak-

camber, such as is shown in full lines in
Fig. 2, which is an adjustment to adapt the
plane to its maximum speed. ‘

95, 95 designate toggle rods or Lars which

“are pivotally connected: at -their opposite
ends in any suitable manner to the spars 14,

15, respectively, in front and in rear of the
center of pressure of the plane, which center
is herein shown as located about one-third

.of the distance between the entering and

trailing edges of the plane. The said rods
are loosely connected at their adjacent ends
to a controlling wire or cable 26, arranged
beneath, and extending from end to end of,
the plane for connection beyond the inner
end of the plane with an operating mecha-
nism to be hereinafter described. A restor-
ing member 27, which connects the outer end
of each cable 26 -to the plane frame at its
outer end and which may have the form of
a helical spring or of a stout elastic band,
tends to normally draw the cable 26 out-
wardly, and acts in conjunction with the
controlling gear hereinafter described to
hold the rods 25 in adjusted positions and
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alds to vestore the plane to its normal cam- .

ber, as shown in Fig. 2 when the controlling
gear is.adjusted to normal position. The
normal positions of said rods 25 when the
plane occupies its normal camber is shown
in Figs. 1, 8 and 4 wherein it will be noted
that they are disposed at a slight angle to
each other and to the ribs and that they lie
on the sides of their associated ribs adja-

“cent to the inner end «lges of the wing.

An endwise pull on the eabie 28 shifts the
rods 25 to the dotted line positions shown
in Tig. 8 with the result of drawing the spar
15 toward the spar 14. By reason of the
initial slight camber of the planes, the ef-
feet of drawing one spar toward the other
springs_the ribs upwardly as indicated in
dotied line in g, 2, Tt may be assumed
that the dotted line position shown in Fig. 2
is the extreme camber which the plane is

‘capable of assuming, that the full line po- -

sition of the plane us shown in Fig. 2 is the
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minimuni eamber thereof, and that hetween
these two positions the eamber may be ad-
Justed to any degree desired to correspond
with a speed correlative to the curve of the
camber and o given load,

Referring now to the manner of connect-
ing a central control device to the wings, it
will be noted that cables 26 extend inwardly
past the inner end edges of the planes and
are weapped about a drum 28 loeated at the
center of the machine in front of the driver's
position, and said cables are fastened to the
drum in such a way that when the con-
trolling lever 29 of the said drum is swung
along a segment 30 Doth cables will be

-wound upon the drum and, therefore, both

lanes will be cambered equally. through the
p Ly, i3

‘operation of the rods 25, as is necessary to

change the speed of the aeroplane. When
the lever 29 Is swung in the other direction
the spring elements 27, assisted by the
springs 20, restore the planes to a smaller
camber. The lever 29 may be provided with
any well known means for locking it to the
segment. : ) '

31 designates a hand. wheel which is
adapted to be connected in any suitable man-
ner, not necessary to be herein shown, with
the steering rudder of the machine. The
steering wheel post or column 32 on which
the steering wheel is mounted is pivoted at
33 below the drum so that it may be swung
from side to side and the drum is mounted
in said column so as to be thereby shifted
in an arcuate path, when the column is
swung on its pivot. This movement of the
steering column is provided for controlling
the lateral balance of the machine through
the camber adjustment described. Assum-
ing, for instance, that the machine shown in
Fig. 1 should tip down toward the left. the
steering wheel column is swung to the right
and this movement of the column and the
drum carried thereby acts through the left
hand cable 26 and the associated bars 25 to
increase the camber of the lower plane while
the spring elements 27, 20 act on the other
cable, which is at this time slackening, to
correspondingly decrease the camber of the
higher plane. The effect of increasing the
camber of the lower plane is to increase the
lifting capacity of the said plane and the
effect of decreasing the camber of the higher
plane is to decrease its lifting capacity.
Thus the balancing functions of the ad-
instable camber on each side of the machine
cotiperate to bring the machine to an even
keel' without decreasing the load carrving
capacity of the machine or the speed of the
machine.  Assuming  that the machine
should tip toward the right the steering
wheel column i swung toward the left with

“the result of reversing the operation of the

parts 26, 25, 20 and 27 to bring the machine
to a balance. The tendency of the plane is

2]

to remain at the same camber at which it is
manually set, regardless of the changes in
the air pressure, the spring controlling ele-
ments keeping the wires 26 tight and to
assist in straightening the plane.

It will be observed from an inspection of
Fig. 2 that the varving curvatures or cam-
bers of the plane are symmetrical with re-
spect to the center of pressure of the plane,
so that the adjustment of the camber does

not tend to. or actually throw the plane out.

of balance by presenting unnatural or inef-
ficient angles of the plane to the air, and
this without regard to the angle of inci-
dence_at which the plane is presented to
the air. In other words, the plane at its
minimum_ camber has the same character-
istics, such as location of.center of pressure
and change in center of pressure, resulting
in change of angle of incidence, as at -the
greater camber, | - ‘

It will be understood that thie essential
features of my invention are capable of em-
bodiment in neroplane flying machines of
varyving structural details and that the in-
vention is not limited to the particular em-
bodiment shown except as the details are
hereinafter specifically claimed and as im-
posed by the prior art: and it is the intent
to elaim all of inherent novelty shown in
the drawings and described in the specifica-
tion.

T claim as my invention :—

I In an deroplane flving machine, means
to vary the speed of the machine compris-
ing means to adjust the camber of the plane
at will during fHight svmmetrically to the
fore and aft center of pressure of the plane

embracing elomgated neang extending from

the inner to the outer end of the plane and
resiliently sanchored at its outer end to the
outer end of the plane with means for con-
necting it to the plane in front and in rear

of the center of pressure of the plane.

2. Tn an acroplane flying machine, a plane
comprising upper and lower longitudinally
flexible plane members extending fore and
aft across the center of pressure of the
plane: transverse spars between said mem-
bers fixed to the lower members and one of
which is fixed to the upper members, and
means for moving one of the spars toward
the ‘other to vary the caniber of the plane.

3. T an acroplane flying machine, a plane
comprising upper, and lower sets of flexible
ribs, front and rear transverse spars be-
tween the ribs. one of said spars being fixed
to the upper and lower sets of ribs and the
other spar heing fixed to one set of ribs and
slidable on the other set. and means for
moving one spar toward the other, :

4. Tn an aeroplane flving machine, » plane
comprising vipper and lower sets of flexible
ribs, front and rear transverse spars be-
tween the ribs, one of said spars being fixed
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to the upper and lower sets of ribs and the
other spar being fixed to oné .set of ribs
and slidable on theother set, a cable extend-
ing transversely beneath the ribs between
the spars, toggle bars loosely connected to

said cable and to the spars, and operating.

means acting on -the cdble and acting
through the toggle bars to vary the camber
of said plane. _ L
5. In an aeroplane flying machine, a
plane comprising a frame consisting of flexi-
ble longitudinal ribs and means for varying
the camber of the plane comprising a trans-
verse cable and a series of toggle bars con-

nected to said cable and connected also to

said ribs in front and in rear of the center of
pressure of the plane. -

6. In an aeroplane flying machine, a plane
comprising a frame consisting of flexible
longitudinal ribs and means for varying the
camber of the plané comprising a transverse
cable, a series of toggle bars connected to
said cable and connected also to said ribs in
front and in rear of the center of pressure
of the plane, a manual operating device con-

.nected to the inner end of said cable and a
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resilient member to anchor the outer end of

said cable to the plane structure. .-
7. In an aeroplane flying machine, a plane
comprising upper and lower longitudinally

flexible plane members, transverse spars be-

tween said members fixed to the lower mem-
Lers and one of said members being slidable
relatively to the upper member, a cable ar-
ranged beneath the plane and connected at
the inner end of the plane to an operating
element and at the outer end of the plane to
a resilient element, and cross bars connected
to said cablé and to said transverse spars.
8. In an aeroplane flying machine, a plane
comprising longitudinal ribs and transverse

sps % connected to certain of the ribs and.

movable relatively to the other ribs, whereby
when the spars are moved one toward the

5 other the camber of the plane is changed,

and a camber controlling cable extending
transversely beneath the plane and connected
to said spars. ,

9. In an aeroplane flyiirg machine, a plane
comprising lopgitudinal ribs and transverse
spars connected to certain of the ribs and
niovable relatively to the other ribs, whereby
when the spars are moved one toward the
other the camber of the plane is changed, a
cable extending trapsversely beneath the
plane and connected to said spars, & plane
controlling device connected to the inner
end ¢of said cable and a resilient device for
anchoring the outer end of the cable to the
plane structure. .

10. In an aeroplane flying machine, a

plane comprising longitudinal ribs and.

transverse spars connected to certain of the
ribs and movable relatively to the other ribs,

~whereby when the spars are moved one to-

1,220,374

ward the other the camber of the plane is-

changed, a cable extending transversely be-
neath the plane and connected to said spars;
a plane controlling device connected to the

inner end of said cable, a resilient device

for anchoring the outer efid of the cable to
the plane structure, a flexible plane cover,
and resilient means for connecting the rear
edge of said cover to the plane structure.
11. An aeroplane flying machine compris-
ing planes at the sides of the machine con-
structed to be curved to vary the camber
thereof, and means for curving the planes,
including cables extending beneath the
planes, restoring elements connected to the
outer ends of the cables and to the plane

76
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frames, and manually -operable means con-

nected to the inner ends of said cables.

12.- An aeroplane flying machine compris-
ing planes at the sides of the machine con-
structed to be curved to vary the camber
thereof, and means for curving the -planes,
including cables extending beneath the
planés, restoring elements ccoppected to the
outer ends of the cables and”to the plane
frames, manually eperable means connected
to the inner ends -of said cables, a flexible
plane cover and resilient means fixed to the
rear edde of said cover and acting in oppo-
sition to said manually operable means.

13. An aeroplane flying machine vompris-
ing planeg at the sides of the machine con-
structed te be curved tc vary the camber
thereof, and means for ctirving the planes, in-
cluding cables eXtending beneath the planes,
restoring elements connected to the outer
ends of the cables gnd to the plane frames, a
drum between the planes- about which the
inner ends of the cables are oppositely
wound, with means to rotate said drim to
simultaneously increase or decreage the cam-
ber of both planes, as desired, and means to
lock the drum rotating means.

14. An aeroplane flying machine compris-
ing planes at the sides of the machine con-
structed . to be curved to vary the camber
thereof, and means for curving ‘the planes,
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including cables extending beneath the

planes, restoring elements connected to the
outer ends of the cables and to the plane
framey a drum between the planes about

. which tlie inner ends of the cables are oppo-

sitely ¥ound, with means to rotate said drum
to simultaneously. increase or decrease the
camber -of both planes, as desired, means to
lock the drum rotating means, and means
to swing- the drum ‘on a prescribed arc to
increase the camber of one plane simulta-
neously with a decrease of camber of the
other plane.

15. An aeroplane flying machine compris-

ing planes at the sides of the machine con-

structed to be curved to vary the camber
thereof. and means for curving the planes,
including cables extending beneath the

115

129 .

125

130



15

20

25

30

1,220,374

planes, restoring elements connected to the
outer ends of the cables and to the plane
frames, a drum between the planes about
which the cables are reversely wound, with
means to rofate it to simultaneously change
the plane cambers, and means connected to
the cables constructed to increase the cam-
ber of one plane simultaneously with the de-

-cerease of camber of the companion plane,
10 .

16. An aeroplane flying machine compris-
ing planes at the sides of the machine con-
structed to be curved to vary the camber
thereof, and means for curving the planes,
including cables - extending beneath the
planes, restoring elements connected to the
outer. ends of the cables and to the plane
frames, and a drum between the planes about
which the cables are reversely Wound, with
means to rotate it to simultaneously cilange
the plane cambers, and a pivoted column on
Wwhich the drum is mounted, whereby swing-
ing movement of the column serves to in-
crease the camber of one plane simulta-
veously with the decrease of camber of the
other plane.

17. An aeroplane flying machine, a plaue
comprising light, flexible longitudinal ribs,
front and rear transverse spars between
them, with the center of pressure between
the: spars, and means acting on said spars
to longitudinally camber the planes without

. changing the characteristics of the planes
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relatively to the center of air pressure at any
angle of incidence.

18. In an seroplane ﬂyihg machine, means

to vary the speed of the machine, comprising
means to adjust the camber of the plane at
will during flight symmetrically to the fore
and aft center of pressure of the plane, em-
bracing metns extending from the inner to

the outer end of the plane, and connected to 4

sdid outer end of the plane, and connected

between its ends to the plane in front and in

rear of the center of pressure thereof, a flexi-,

ble plane cover and resilient means fixed to
the rear edge of said cover and acting in op-

- position to the camber adjusting means.

19. An aeroplane comprising longitudinal
ribs and transverse spars with adjusting
neans to vary the camber of the plane,
members attached to the plane at the trail-
ing edge thereof, a fabric cover for the plane
terminating short of the trailing edge there-
of, and resilient elements connecting said
rigid members to the rear edge of the fabric
cover and acting in opposition to the camber
adjusting means.

.20. An aeroplane comprising longitudinal
ribs, transverse spars, adjusting means ‘o
vary the camber of the plane, a plurality of
longitudinally arranged rigid members at-
tached to the rear ends of the lower ribs
and movable relatively to the upper ribs, a
fabric cover for the plane and spring ele-
ments connecting said members to the rear
edge of the fabric cover.

21. An aeroplane comprising longitudinal
ribs, transverse spars, adjusting means. to
vary the camber of the plane, a plurality of
longitudinally arranged rigid members at-
tached to the rear ends of the lower ribs and

rigid 50
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movable relatively to the upper ribs, a fabrie -

cover for the plane and a cover piece over-
lapped at its forward edge by the rear edge
of said fabric cover and attached at its rear
edge to the trailing edge of the plane.

In testimony, that I claim the foregoing

.28 my invention I affix my signature in the

presence of two witnesses, this 20th day of
January, A. D, 1914,
MAXAMILLIAN STUPAR.
Witnesses: .
W. L. Ha,
G. E.
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