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LEWIS 'G. YOUNG, OF BRONXVILLE, NEW: YORK

. AEROFOIL CONSTRUCTION

* . Application filed June 21,

_This invention relates to the construction
of aerofoils’ or aeroplané wings,-and is'par-
ticularly. concerned with the provision of a

. spar for-intérnally bracing a wing which is
8 curved ‘along-its span. , 3
It has -been found that’'a laterally curved
wing which has its main lifting surface rela-
tively near the fuselage of the aeroplane,
~ and ‘which has a stabilizing surface merging
10 with the lifting surface-and extending lat-
erally- therebeyond, is very difficult to con-
struct, especially- when -a - dibedral angle
exists between said surfaces. In fact it has
~_ hitherto been thought impossible' to brace
15 adequateély  such a-wing merely by the use
of internal bracing. The present invention
resides, theréfore, 1n' the' provision'of spars
for'wings ‘whose 'surfaces’ are: curved later-
_ ally, ‘which sparis light in weight and easy
20 to manufacture, which’ has a high factor of
safety, which is” wholly internal of the
wing, and ‘which' takes such”form ‘that the
wing surfaces- conform' to“the upper’ and
 Jower edges theréof, wheréby the wing may
25 gssuiiie’ the best outward contour for lift as
well as stability. A
- Spécifidally, the: main’ feature of the in-
ventiofii:conSists 'in a’ spar for’ internally
“bracitg awing ‘whose main lifting surface
30 muleés 2’ dihedral ‘angle with the: stabilizing
surface; ‘whereby' the' control-of the’ plane
beeéonies - practically automatic, without at
the-same timé any saerifice of ‘speed, Lift, or
. safety; and’ aveidimg external or-insufficient
88 brieing. * -~ R '
Other ‘objects‘and’ advantages will be ap-
parent from the following detailed ‘descrip-
tion of a preferred embodiment of my inven:
ti0fi- i1y  conhection” with the accompanying
‘drawings, wherein-: - o ‘
Figuré-1'ig'a’plan view of a wing con-
stritcted according to the present inverition.
Figure 2 is a fronf elevation of the wing.
Figure 3-is a ‘front viéw 'of the forward
‘sptir showniin Figuire 1. - ,

" Figures 4 to 10 inclusive, are cross sec-

tions of the witig-taken on the lines 4—4 to

10--10' inclusive; in’ Figure 1, and looking

~_ in-the direction of the arfows. -
80 - Figiire 11 is-a front view of a single wing

1929, Serial No. 372,650.

spar extending on both sides of the fuselage.

Figure 12 1s a cross section of the wing
taken on the line 4—4 of Figure 1, and show-
ing a‘modified form of comstruction. =

It will be understood that throughout the
desctiption” the term “longitudinal” refers
to a dimension fore and aft of the aeroplane,
whilé “lateral” means widthise' or along
the wing span thereof. - _

In a general sense each wing has a sup-
porting surface adjacent to the body and to
the front edge of the wing, with a longitu-
dinally stabilizing surface to the rear of the
supporting 'surface and ‘a laterally stabiliz-
ing surface at the side or toward the tip of 65
the wing rémote from the fuselage. The
supporting surfaces are so-curved that the
pressure résultants of the two surfaces,
whethér the flying machine be inclined in .
one direction or the other, meet at & point in 70
a line-above the center of gravity of the ma-
chine, and although the distance of the ceh-
ter of pressure of one wing from the longi-
tudinal axis of the machine varies inversely
as the distance of the center pressure of the
other-wing in a bank, the resultant of the
upward pressure against the lowermost wing
is'increased -while that against the upper-
most wing is decreased, and the machine is
therefore returned to a position of equi-
librium. Moreover it has been found, in the
present instance, that it is desirable to pre-
serve in the structure of the machine a defi- -
nite relationshipy thus, if the main part of
each' wing, as will be explained hereinafter,
has a ratio of length (in'a lateral direction
from-the fuselage) to chord (in a longitudi-
nal direction) of two to one, then the dis-
tances of the center of pressure of the later-
ally stabilizing surface and of ‘the center of
upward-pressure on the underside of the
wing from the longitudinal axis'should also
be in the ratio of two to one, and the dis-
tances of the center of pressure of the longi-
tudinally stabilizing surface and of the cen- ©
ter” of upward pressure on the supporting
surface from the lateral axis should also be
in‘the ratio of two to one.

- In accorddrice with the invention each .. _
wing or aerofoil has adjacént to the fuselage
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or longitudinally of the machine and its
own forward edge a supporting surface, con-
cave below, curved both in a longitudinal
direction and in a lateral direction, with a
reversely curved longitudinally extending
stabilizing surface to the rear and a reverse-
ly curved laterally stabilizing surface at the
side remote from the body, the centers of
prossure of these surfaces having, as already
indicated, substantially the same ratio of
distances from the longitudinal axis and
from the lateral axis as that which the
length of the wing portion has, in a general
sense, to its width., ) o

It will be understood that the two wings
are symmetrical with respect to the Iongi-
tudinal axis of the machine and a descrip-
tion of one will suffice for the other. ,

There is shown at w a wing constructed in
accordance with the present invention.
This wing consists, generally, of a lifting
portion, being the part between the lines
4—4 and 8—8 of Figure 1, and a stabilizing
portion being the part shown between 8—38
and the wing tip.” This wing is connected
to the fuselage of the plane at 4—4, and is
provided with supporting spars ¢ and o’ and
with ribs 5. The leading edge of the wing
is at ¢ and the trailing edge at d, the usual
supporting members ¢’ and @’ being pro-
vided adjacent the leading and trailing
edges. The wing is shown as tapering, gen-
erally, to a point ¢ at the wing tip. In the
cross sectional views in Figures 4 to 10 in-
clusive, there is shown a wing tapering in
thickness and having a particular surface as
will be described in detail below.
As the particular curvature of the wing
along its span is of the utmost importance,
the exact positions of the wing with refer-
ence to a given plane determined by the lines
s—s1in Figure 8 and s’—s’ in Figures 4 to 10
is shown in great detail. It will be seen that
the wing makes between its ends what may
be termed a dihedral angle. That is, look-
ing at the front elevation of the wing, there
is at first an upward curve. The wing then

curves downwardly to form a depressed por-
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tion between its ends and then curves up
slightly, preferably not reaching, however, a
height as great as the first raised portion as-
sumes. This is shown best in Figures 4 to
10, wherein the reference lines s'~—s’ are hor-
izontal and in a plane passing through the
lower front corner of the spar a.

Since it is the particular construction of
the spar which constitutes the main feature
of the present invention, the spar ¢ is shown
in detail in Figure 8. The spar o’ is similar
in construction to the spar @ and takes posi-
tions relative to the latter as shown in Fig-
ures 4 to.10.

- The upper and lower wing surfaces are,

of course, designed with generally stream
line form, but the lower surfaces have more

1,818,519

particularly a concave portion m and a con-
vex portion n, the former being forward of
the point % at which the curve reverses and
the latter being to the rear of said point.
It will be noted that the curve m is approxi-
mately twice the length of the curve 7,
though this proportion is not absolutely es-
sential. However, when these curves are in
a given ratio at one wing section, the ratio
should be preserved at the other wing sec-
tions.  For convenience in description of
the definite relationship between the lifting
portion of the wing and the stabilizing por-
tion, it may be noted that the lifting portion

=}

‘between lines 4—4 and 8—8 is of trapezoidal

shape with long sides of approximately
twice the length of its short sides. This
approximate ratio of two to one between
the length and the width of the lifting sec-
tion is the ratio which determines the loca-

70

75

80

85

tions of the centers of pressure, whereby the -

plane is properly balanced. It will be un-
derstood, of course, that this definite rela-
tionship is approximate only and is not ab-
solute. The other portion of the wing, from
the line 8—8 to the wing tip comprises the
stabilizing portion of the wing and has a
leading edge which sweeps back to the wing
tip which is approximately in line laterally
with the trailing edge of the wing. at the
fuselage. A ‘ ,
Although the wing is shown as tapering
in thickness from the fuselage to the -wing
tip, a wing of constant thickness is ~also
within the scope of this invention. It will
also be apparent that the wings ‘may form
a dihedral angle between them or lie in
generally the same plane, and may have
sweep back or make any desired angle with

the line of flight. The wing spars, of

course, need not be located exactly in' the
position_shown nor have the same relative
lateral .dimensions but may be varied pro-
viding the wing curves shown: are general-
ly maintained. ~Although wooden spars.are
shown in Figures 4 to 10. inclusive, metal
spars as shown in Figure 12 could be used
instead. The particular type of rib used
forms no part of the present invention,

In Figure 11 there is shown a single spar
extending on both sides of the fuselage
and having a section g2 connecting the two
sections @, each of which latter is con-
structed according to the present invention:

The ‘tendency of forces applied -to the i

wings of the usual straight winged  ma-
chine, when equilibrium is disturbed, is to
tip the machine farther in the same direc-
tion. In the present machine, however, by
reason of the curvature of the wing not only
do the centers of sustaining pressure.of the
two wings that is, the points at which the
sustaining pressures act, shift with varying
positions of the machine but the resultants

of the sustaining pressure that is, the ‘pre’s-
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sures themselves exerted against the under-
sides of the two wings are also varied al-
though the resultants still meet in a line
drawn vertically through the center of
gravity of the machine and above the cen-
ter of gravity, so that the machine con-
tinues in a condition of indifferent stability
but with an increased pressure resultant
against the lower wing which tends to re-
store the machine to a position of equilib-
rium. Of course, as the machine tilts up-
ward on one side the center of sustaining
pressure on that side moves farther from
the longitndinal axis of the machine and its
leverage increases, although the resultant of
the sustaining pressure on that wing still
meets the resultant of the sustaining pres-
sure on the other wing in the vertical line
drawn through the center of gravity of the
machine, and such resultant is relatively
reduced.

Although the machine still remains in in-
different stability after its equilibrium has
been disturbed, with a tendency to return

5 to a position of equilibrium, as already ex-

plained, it is desirable to provide other
means to restore the equilibrium. This is
accomplished automatically by the stabiliz-
ing surfaces.
ward or downward, on the stabilizing sur-
faces, or rather the preponderance of pres-
sure upward or downward, depends upon the
inclination of the machine. If the machine
dips downward from the predetermined
angle of normal flight, so that the pre-
ponderance of pressure is exerted upon the
upper side of the longitudinally stabilizing
surface, then the center of pressure down-
ward will be located in rear of the center of
sustaining pressure and at a distance in
rear of the lateral axis, as compared with
the distance of the center of sustaining pres-
sure, in the predetermined relationship, that
is, in the wing shown, in approximately the
ratio of two to one. With its greater lever-
age of two to one the stabilizing pressure
will quickly correct the disturbing factor of
pressure and restore the machine to its po-
sition of equilibrium. In like manner, if
the machine tilts upward too much, the pre-
ponderance of pressure on the stabilizing
surface will be exerted against the under-
side of the wing and in the same relationship
so that the machine will be returned to its
position of equilibrium. It will be under-
stood that by reason of the curvature of the
sustaining surface of the wings in a longi-
tudinal direction, the resultants of the sus-
taining pressures exerted against the two
wings continue to meet in a vertical line
drawn through the center of gravity of the
machine, for all ordinary disturbances of
position, whether the machine dips down-

ward or upward in a longitudinal direction. -

In like manner when the machine is tilted

a

The direction of pressure, up--

3

laterally to one side a pressure is exerted
against the upper laterally stabilizing sur-
face of the wing on the upper side and as
the center of such surface has a definite re-
lation through the supporting and stabiliz-
ing surfaces on the other side of the plane,
the leverage through which the laterally
stabilizing pressure acts is greater than that
of the sustaining pressure on the same side
and the machine will be thereby restored
to its position of equilibrium. The action
of the laterally stabilizing pressure against
the higher wing, when the machine is tipped
laterally, is supplemented by an increase
of sustaining pressure on the lower side
through the direction of the flow of air,
in the manner hereinbefore explained, under
the lower wing into the region of the sus-
taining surface adjacent to the body of the
machine. '

The plane may be positively controlled
by ailerons, rudder and elevators, not shown.
Other details of the construction of the,
plane are not shown as they do not form any
part of the present invention.

Further, applicant does not wish to be
limited to the specific embodiment shown,
save as defined in the appended claim.

I claim as my invention:

In an aeroplane, a unitary spar internally
disposed in the wing, said spar being lateral-
ly straight and being alternately raised
above and depressed below a given horizon-|
tal plane, the portion adjacent the fuselage
being raised with respect to the fuselage.

This specification signed this 5th day of
June, A. D. 1929,

LEWIS G. YOUNG.
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