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My invention relates to certain improvements
in airpianes; and particularly to the lateral con-
trol thereof; and the nature and objects of the
invention will be readily recognized and under-

5 stood by those skilled in the aeronautical art in
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the light of the following explanation and de-
tailed description of the accompanying drawings
illustrating what I at present consider to be the
preferred embodiments or mechanical and aero-
dynamic expressions of my invention from among
various other forms, arrangements, combinations
and constructions of which the invention is capa-
ble within the spirit and the scope thereof.

- A type of lateral control system'for airplanes
that has been found to be very effective in control
throughout the flight range includes lateral con-
trol surfaces or ailerons mounted in the upper
surface of a wing, and provides for a lateral con-
trol operation of such surfaces or ailerons by
which lateral control is obtained by mainly up
movement or upward swinging of an aileron from
8 normal or neutral control position, while the
opposite control surface or aileron remains sub-
stantially without movement or has relatively
small downward movemen{ from its normal or
neutral control position. However, with such
type of control system it has also been found that
a considerable force is required to operate. or
actuate a control surface or gileron to the fully
raised or upwardly swung maximum control po-
sitions, due to the high control surface or aileron
hinge moments developed by the reaction of the
airflow at the upper surface of the wing on the
raising or upwardly moving ailéeron. The neces-
sity for large operating forces for actuating such
a control system, constitutes a serious problem
and a disadvantage that in practical applications
of this type or control system tends to offset or

nuilify the high degree of control effectiveness of

which a system obtaining lateral control mainly
through its up aileron movement is capable, and
especially such a system in which the control sur-
faces or ailerons are mounted in the upper sur-
face of & wing:

" A general object of my present invention is
to reduce the operating forces required. in the

control actuation of a lateral control system in -

which lateral control is cbtained mainly by up-
ward control surface or aileron movement, to a
sufficiently low order to enable practical and ef-
. ficient control operation throughout the full con-
trol range, including maximum raised control
surface or aileron positions; and further to carry
out the operating force reduction in such & man-
ner as to increase the control effectiveness and

(CL 244—12)

to augment the favorable yaw characteristics of
the airplane under lateral control, tending to

thereby avoid the inadvertent or unintentional -

spin.

A further object of the invention is to obtain
the reduction in control operating forces required -
for such types of lateral control systems, by pro-
viding an aerodynamically efficient and struc-
turally simple aerodynamic balance mounted on
each lateral control surface or aileron for down-
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ward movement with upward swinging of the .

aileron into a position such that the reaction of
the airflow thereon will exert forces assisting the

upward movement or swinging of the control sur~

face or aileron and thereby reduce the operating
force that must be applied to the aileron to raise
or move it upwardly. .

Another object of the invention is to provide.

a design and mounting of such an aerodynamic
balance for a control surface or aileron, to permit
of the use of the balance on and with a control
surface or aileron mounted in the upper surface
of a wing in which a lift increasing member such
as a wing flap is mounted on the under surface
of the wing below the lateral control surface,
without interference between the control surface
or aileron balance and the under surface member
or flap throughout the operating ranges of both
the control surface and the wing flap.

Another object of the invention is to provide
such a control surface or aileron aerodynamic
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balance member and mounting therefor, in which ‘

a dynamic mass balance weight can be incor-
porated and combined therewith, in -order to
prevent or reduce control surface and wing flut-
ter in high performance or high speed aircraft;

and further to so design the balance weight and
the aerodynamic’ balance mourdting that -the
balance weight can be secured on and be carried
by thé mounting in a manner to brace and
strengf.hen such mounting ’

- A'further object of the invention i$ to provide:
such an aerodynamic balance member and its
mounting as & separate unit for each control sur-
face or aileron; and which can be readily mount-
ed on or removed from a control surface as a
unit for replacement or alteration.

- Another object of the invention is to provide
& design of aerodynamic balance member and
an a.rrangement for attaching the same to its
mounting, by which the member is removable
from the mounting for replacement or for ad-
justment in its position on the mounting.

A further object of the invention is to pro-
vide a design and construction of such an aero-
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dynamic balance surface in which a minimum
of structure with a minimum of weight is pos-
sible; and further which can be mounted on a
control surface or aileron in the upper surface
of the wing in such a manner as to locate the
balance member of the unit at the under sur-
face of the wing, remote from the control sur-
face for downward movement by upward control
surface movement, but which balance member
in normal or neutral control surface positions is
disposed at and forms a portion of the normal
wing under surface contour.

With the foregoing general objects and results
in view, as well as certain others that will be
apparent to those skilled in the aeronautical art,
my invention consists in certain novel features
in construction and design, and in combination
and arrangements of elements and parts,—all as
will be more fully and particularly referred to
and specified hereinafter.

Referring to the accompanying drawings in
which similar reference characters refer to cor-
responding parts throughout the several figures
of the drawings:—

Pig. 1 is a vertical transverse sectional view,
more or less diagrammatic through a wing of
the passageway trailing under flap type hav-
ing an upper surface aileron, with an aerody-
namic balance unit of my invention mounted on
the aileron, the aileron and balance unit being
shown in normal neutral control position in full
lines and in lowered or drooped position of the
aileron in dotted lines.

Fig. 2 is a transverse vertical sectional view
similar to Fig. 1 but showing the aileron in fully
raised lateral control position with the aerody-
namic balance in its fully lowered operative posi-
tion at the under side of below the wing, the
under surface trailing wing flap being shown in
full lines in normal raised position and in dotted
lines in lowered lift increasing position.

Fig. 3 is a view in front or leading edge ele-
vation of a portion of a wing of Figs. 1 and 2,
with the aileron in raised lateral control position
and the aerodynamic balance in its correspond-
ing lowered position, and showing the dynamic
mass balance weight in position on the balance
mounting, and the attachment of the balance
member to its mounting arms.

Fig. 4 is a detail, fragmentary vertical sectional
view through one of the balance mounting arms
and a portion of the balance member attached
thereon, showing particularly one of the balance
member attaching screws and its locking wire
by which the balance member is removably
mounted, and also showing a shim by which the
balanced member position may be adjustad on
the mounting arm.

Fig. 5 is a longitudinal sectional view through
the balance weight in position on the aerody-
namic balance member mounting arms, the arms
being shown in transverse section.

Fig. 6 is a detail vertical sectional view through
a portion of the wing under surface showing a
modified formation thereof to receive the aerody-
namic balance member when in raised positions.

Fig. 7 is a diagram schematically indicating the
forces and their resultants acting on the balance
unit with an aileron in raised position, the wing
aileron and balance unit being shown schemat-
ically in outline.

The problems and difficulties that my present
invention has overcome are particularly encoun-
tered in those so-called high or variable lift wings
for aircraft that include ailerons or Jateral con-
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trol surfaces in the upper surface of a wing
above a lift varying member, such as a wing
flap, in the under surface of the wing, and where
lateral control is obtained by mainly up move-
ment or upward swinging of an aileron. It has
been established that during large angular con-
trol movements of such an aileron, the control
operating force not only must overcome the posi-
tive pressure working against the raising aileron
on the upper surface of the wing, but must also
overcome a considerable negative pressure below
the aileron that tends to hold the aileron down
against raising, and in addition where control
is obtained in the main from raising of but one
aileron, the displacement of such aileron or con-
trol surface must be greater than for the con-
ventional aileron operation, thus further adding
to the operating forces required for control ac-
tuation of an aileron of such a lateral control
system.

I have therefor selected for purposes of ex-
plaining my invention, a high or variable lift
wing of the so-called “Hall” type in which there
is present the upper surface aileron with the un-
der surface wing flap and the control system
that depends mainly upon up aileron movements
for lateral control, and I have illustrated a form
and adaptation of my aerodynamic aileron or
contrel surface balance unit designed for use on
and with such type of wing to meet the particu-
lar conditions there encountered. My invention
is not, however, limited to the adaptation here
shown or to the particular type and design of
wing of the illustrated example but is equally
adapted to various other wings and to other em-
bodiments to meet the particular aerodynamic
and structural conditions of the wing and con-
trol surface thereof with which the invention is
to be used.

The wing W of the “Hall” type illustrated in
the accompanying drawings is well known and
familiar in the art and includes the upper skin
or surface 10, the under or lower skin or sur-
face 11 and the longitudinal air displacement
passage P extending rearwardly therethrough
from a forward inlet through the wing under
surface 11 controlled by a vane V, to the trailing
or rear portion of the wing. A wing lift and un-
der surface camber varying flap F forms the
trailing portion of the under surface 11 of wing
W, and lateral control surfaces or ailerons A,
only one of which is shown in the present exam-
ple, are mounted in and form a portion of the
wing upper surface 10 above the under surface
flap or flaps F.

The flight operation and aerodynamic func-
tioning of this type of wing W is familiar in the

- art, and 'may be either automatic in accordance

with flight conditions or manually and arbitra-
rily .controlled by the pilot. With the wing in
high speed and low attack angle flight, the flap F
is raised to the full line position of Figs. 1 and 2,
and carries out the normal or high speed contour
of the wing, with the passage inlet vane V closed
and the rearward air displacement or flow
through passage P stopped. In the low speed or
high attack angle flight condition' and to in-
crease wing lift capacity, the wing flap F is
swung downwardly and lowered to the dotted
line position of Figs. 1 and 2, opening the rear
or trailing end of passage P and increasing wing
under surface camber, forward inlet vane V
opening for rearward flow or displacement of air
through wing passage P, (

The trailing under flap F is suitably mounted
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for the indicated vertical movement or swinging
and it is not deemed necessary to here illustrate
such a mounting but, as an’example, the mount-
ing can take the form as shown in my U. S.
Patent 1,875,593 granted September 6, 1932.
The lateral control surfaces or ailerons A of

"~ which. only one is here illustrated, are located
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conventionally on a wing W, that is, at opposite
sides of the fore and aft axis of the aircraft of
which wing W forms a part, but are mounted in
and form trailing portions of the upper surface
10 of the wing W above wing flap or flaps F.
Such ailerons A in their normal neutral control
positions, that is, the full line position of aileron

A of Fig. 1, join with the flap or flaps F' there- .
below in the normal raised position of the latter,
o carry out and define the normal airfoil section

or contour of the trailing portion of wing W, as
well as to substantially close the trailing or rear
discharge end of passage P. In the particular
example hereof, each aileron.A is mounted for
vertical swinging on a hinge or pivotal axis a

disposed longitudinally or spanwise of the aileron .

and located in the upper portion of the aileron
adjacent but spaced a distance rearwardly from
the leading edge of the aileron.

The lateral control surfaces or ailerons A of
the wing W, so mounted and arranged thereon
relative to the under flap or flaps F, are actuated
for lateral control by a type of lateral control
system (not shown) that obtains such control
through mainly up movement or raising of an
aileron, while the opposite aileron remains sub-
stantially without movement from neutral con-
trol positions, or has a relatively small downward
movement. Any . desired orsuitable actuating

mechanism can be utilized for such control oper--

ation of ailerons A, but as illustrative of one pos-
sible arrahgement of such type of control system,
reference is made to my U.'S. Patent 1,875,593,
granted September 6, 1932,

broad features of my invention, in order to mate-
rially. reduce the operating forces required, due
to the conditions hereinbefore explained, to raise
or swing an aileron A upwardly for lateral con-
trol, I provide an aerodynamic balance unit for
each lateral control surface or aileron A. Such
a balance unit in the embodiment here illus-

trated as designed for the type of wing W, in-.

cludes an aerodynamic balance member 20, and
& amounting provided by the arms 21 on an
aileron by which the balance member is posi-
tioned at the under surface of the wing remote
from the aileron and for downward swinging
by the aileron as the latter is swung upwardly
to lateral control positions.

For instance, referring to Figs. 1 and 2 of the
drawings . in particular, the mounting for the
balance member 20 of a unit is formed in the
present example by a pair of the arms 21, each of
which is of substantially S-form and includes
the upper forwardly and horizontally disposed
portion 21a, the depending intermediate con-
necting portion 219, and the lower forwardly and
horizontally. disposed portion 21c¢ that forms at
its forward free end the base upon which the
aerodynamic balance member 20 is removably
mounted and attached. The mounting arms 21
are attached in substantially paralle], spaced
relation (see Fig. 3) to the undér side of the lead-

ing edge portion of an aileron A (see Figs. 1 and.
2) by means of the attachment bases 214 formed .

at the upper rear ends of the arm portions 21a.
In attached and mounted position each  arm

thereof has the horizontally disposed upper por-
tion 21a extended forwardly through the wing
passage P, with the depending intermediate por-
tion 21b of the arm extending downwardly
through a suitable slot or opening 1lle in the
wing under or lower surface 11, and the lower
horizontally disposed arm portion 21c¢ positioned
at the under side of and beneath the wing lower
surface.

The aerodynamic balance member 20 of each
balarice unit may as in the example hereof, con-
sist of a flat, rectangular plate of relatively thin,

light-weight material, such as a suitable metal or’

metal alloy, and such balance member is mounted
on and extending across and between the upper
side of the forward free ends of the lower arm

portions 21¢ located beneath the wing lower

surface. The forward free ends of arm portions
21c are formed to provide the balance member

mounting bases 20a having the flat upper faces.
“to receive the balance member and the internally
"threaded vertical bores 20b to receive the bal-

ance member attaching screws 22 (see Fig. 4).

-The balance member 20 is.removably mounted

on the. bases 20a of arm portions 21c, by the
machine screws 22 threaded through the mem-
ber into the base bores 20b, respectively. Pref-
erably the balance member attaching screws 22
are also each provided with the usual or other
suitable locking wire or pin 22a, referring here
to Fig. 4 of the drawings, extended through the
base and each screw 22,

For the purpose of permlttlng adjustment of a
balance member 20 on the mounting arms 21,
I provide in this instance shims or washers such
as 22b between each base 20a and the balance

member, referring to Fig. 4, and stch shims can.

either be coextensive with the upper surface of a
base or provided as separate shims at each at-
taching screw 22. By varying the number or

. - thickness of the shims 22b between the arm bases
In accordance with the principles and the.

20a and the balance member 20, such member
can be adjusted to a desired position on and
relative to the arms 21, as by raising or lowering
one end, or ralsmg or lowering both, to bodily
adjust the member on the arms.

With a balance unit mounted on an aileron A

and with the aileron in a normal or neutral con-
trol position as shown in full lines in Fig. 1, the
design of tl}e mounting arms 21 is such that the
aeérodynamic balance member 20 is disposed re-
mote from the aileron A at the under side of
wing 20 and forming a portion of the wing lower

surface 11, with the major portions 21¢ and 215

of the arms within the wing removed from the
airflow. In order to position the balance mem-
ber 20 in its normal inactive position as a portion
of the wing under surface, a slot or opening 11b
(s2e Figs. 1 and 2) is provided in the wing under
surface to receive the balance member.

The slot 110 in the wing under surface 11 for
receiving the balance member 20, serves the
further purpose of permitting the balance mem-
ker to swing upwardly from its normal position,
to a position within thé wing. Where the type of
lateral control system used, even though depend-

ing for lateral control mainly on up aileron-

movement, causes a down movement of the
aileron opposite an upwardly moving dileron; or

where an aileron A is of the type having a-

limited downward movement or droop for the

purpose of adding to the wing lift capacity under .

certain flight conditions, in accordance with-the
latéral control surface-system of my U. S. Patent

11,916,475, granted July 4, 1933; then the aileron’
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A may take a dotted line position as shown in
Fig. 1 and the balance unit will be swung up-
wardly to the Fig. 1 dotted line position with the
balance member 20 raised through wing opening
11b into the wing without interference.

If the use of a wing under surface opening to
receive a balance member 20 is not desired, then
the wing under surface can be formed with an
inwardly extended or reentrant portion 1llc to
provide a pocket or recess for receiving the
balance member 20, as shown in Fig. 6, of the
drawings. Obviously, if deemed expedient such
reentrant portion llc can be of sufficient depth
to care for the upward movements of the balance
member 20, where the aileron has downward
movements imparted thereto under certain con-

-ditions.

In a normal neutral control position of an
aileron A as shown in Fig. 1, the wing trailing
under flap F below the aileron is perfectly free
in its vertical swinging between the full line

raised position and the dotted line lowered posi-

tion of Fig, 1, from interference by the balance
member mounting arms 21 due to the space pro-
vided between arm portions 21e¢ and 21b within
the wing forward of and above the flap leading
edge portion. When the aileron A is raised or
swung upwardly to a lateral control position as
shown in full lines in Fig. 2, the balance unit
arms are swung rearwardly and downwardly
therewith, to a position with the portions 21b
and 21c thereof below the wing flap F. In order
to provide for operating clearance, the flap F
below an aileron A is slotted rearwardly a dis-
tance through its leading edge at and in line with
each balance unit mounting arm 21, as indicated
at f, in Figs. 1 and 2, so that when the flap F
is swung downwardly to the dotted line position
of Fig. 2, the portions 21g and 21b of arms 21
dass into and extend through slots f without
interfering with the vertical movements of the
flap. Similarly with a flap ¥ in normal raised
position shown in Fig. 2, with aileron A raised
and its balance unit lowered, the slots f of the
flap may receive the portions 21a of the balance
mounting arms and prevent interference between
the flap F and such arms. )

In lateral control operation of a control sur-
face or aileron A provided with the aercdynamic
kalance unit of my invention as hereinbefore
described, when the control surface A is in a
normal neutral control position shown in Fig. 1,
or in the lowered dotted line position of Fig. 1,
the aerodynamic balance member is inactive, but
when the aileron is actuated by the lateral con-
trol system to raised control positions, then the
balance member 20 becomes operative to apply
forces to the raising aileron to aid in its upward
swing and reduce the operating forces that must
e applied by the control system. The raising
or upward swinging of an aileron A causes the
balance unit carried thereby to swing down-
wardly and lower the balance member 20 from the
wing. As the balance member 20 moves down-
wardly away from the wing under surface 11, the
airflow at the under side of the wing flows against
the balance member and creates a pressure or
force thereon to move the balance member 20
rearwardly, which force is transmitted to the
aileron as a force acting to swing or move the
aileron upwardly around its hinge axis a¢. In
this manner the actual high operating forces that
must be applied to an aileron A of the type and
mounting disclosed are substantially reduced by
the action of the balance member 20. While at
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the very start of the upward aileron movement

the balance surface or member 20 will not be -

greatly effective, the operating force required at
the start of the up aileron movement is also not
large but increases as the angular movement of
the aileron increases, whereupon the balance
member 20 then becomes effective in reducing the
required. operating forces.

The balance unit with the balance member 20
not only reduces the operating forces required for
raising an aileron A to lateral control positions
but also increases control effectiveness and aug-
ments the favorable yaw characteristics to there-
by reduce the possibilities of the unintentional
spin. I have diagrammatically indicated in Fig.
7 of the drawings the force components and
resultants developed by the aileron and its balance
unit when in lateral control positions by which
the operating forces for the aileron are reduced
and the increase in control effectiveness ob-
tained. Referring to Fig. 7, with the aileron A
raised and the balance member 20 in lowered,
active position beneath the wing under surface,
the force acting on the substantially flat surface
of the balance member will be nearly normal to
the surface and the vertical component R of
which increases the rolling control, while the
rearwardly acting component Y of such force
tends to slow the wing W at the proper side to
augment the favorable yaw characteristics to
avoid the tendency to fall into the inadvertent
spin. The resultant force S acts, of course, to
swing or raise the aileron A and thereby reduce
the operating forces that must be applied by the
control system to raise an aileron A, but this
raising force resulting from the airflow reaction
on balance member 20 is also aided by the leverage
resultant L between the aileron hinge axis a and
the remote position of balance member 20 on
arms 21.

‘With the aerodynamic balance, my invention
also includes as an element incorporated in and
as a part of the balance unit, although not essen-
tial to the operation and results of the aero-
dynamic balance, a mass balance weight in order
to reduce the possibility of wing flutter, espe-
cially with the ailerons A and their aerodynamic
balance units mounted on a wing of high perform-
ance aircraft. Attention is directed to the fact
that the weight of the aerodynamic balance sur-
face or member 20 and its mounting tends to and
may afford a sufficient mass counter balance
weight for certain installations without the ne-
cessity for providing an additional balance
weight.

Such a mass balance weight in the example
hereof, takes the form of a tie rod 30, referring
now to Figs. 3 and 5, of the drawings, in partic-
ular, mounted extending across and between the
aerodynamic balance arms 21 and extended
through such arms with the opposite ends of the
rod spilled to secure the rod in position. The bal-
ance weight proper is in the form of a tube 31
fitted over and carried by tie rod 30 between the
arms 21. In this instance the balance weight
30—31 is mounted on the arms 21 at the upper
ends of the arm portions 21b, although of course
the location of the balance weight on the arms
is dependent upon each particular design of bal-
ance unit and the aileron and wing arrangement
on which installed.

In addition to its function as a wing flutter
reducing mass balance, the weight 3031 serves
as a bracing and strengthening unit between
the balance unit arms 21.
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Due to the Iarge leverage provided by the de-
sign of the balance unit, the area of the aero-
dynamic balance member or surface 20 thereof
need not be large, thus reducing weight and while
two arms 21 gre shown in the illustrated exam=
ple, a greater number of such arms may be pro-
vided where required. Also, where desired or
found expedient, more than one balance unit can
be provided for each control surface or aileron.
The balance units are each removably mounted
by the arm bases 21d to the ailerons or lateral
control surfaces and can thus be individually re-
moved and replaced as desired, while the arms
21 of each unit are so designed and shaped as to
reduce to- a minimum the size of the cut-outs or
slots in the under surface of a wing, as well as

-in a wing under surface fiap. By the removable

mounting of the aerodynamic balance surface or
member 20 on its mounting arms 21; provision is
made for interchanging such members as well
as for replacement by balance members of vari-
ous sizes.

While a balance unit of the invention is par-

ticularly adapted to high lift wings having lat~

eral control surfaces above an under flap of any
desired design or fiinction, such a balance unit
is applicable to aircraft, including the autogyro
types, and the wings thereof generally, and in
broad principle includes the use of a balance sur-
face in the airflow about & wing, and acted upon
by such flow, to assist the operation of -a con-
irol surface remote from the balance surface and
with which it is directly or indirectly connected. -

It is also evident that various changes, modi-
fications, additions, eliminations, ‘substitutions
and variations, might be resorted to without de-
parting from the -spirit and the scope of my in-
vention, and hence, I do not desire to limit my
invention in all respects to the exact and speciﬁc
disclosures hereof.

What I claim is: i

1. In an airplane wing, an aileron in the upper
surface of the wing removed from the wing lower
surface, and an aerodynamic balance for said
aileron at the lower surface of the wing with the

aileron in & normal neutral control position, said

balance operatively assoc1a.ted with the aileron

and lowered from the wing into the airflow be-

neath the wing as the aileron is moved upwardly
aga.mst the a1rﬂow at the upper. surface of the
wing.

2. In an airplane wing, an a,lleron in the upper .

trailing surface of ‘the wing removed from the
wing under surface, and an aercdynamic balance
operatively associated with said aileron for move-
ment from the wing into the airflow beneath the
wing as the aileron is moved upwardly against
the airflow above the wing, said balance in nor-
mal position of the saileron in position on the
wmg removed from the airflow.

--3. In an airplane wing, an aileron mounted in
the upper surface of the wing removed from the
wing lower surface and an aerodynamic balance
remote from the aileron but operatively associ-
ated therewith, said balance positioned at the
wing when the aileron is in & normal position

and moved from the wing into the airflow about

the wing and acted upon thereby as the aileron
is moved upwardly to assist upward movement
of the aileron.

4. In an airplane wing, an aileron in the upper
surface of the wing removed from the wing under
surface, an aerodynamic balance carried by the
aileron and spaced forwardly therefrom at the

under surface of the wing, and said balance

moved downwardly and resrwardly from the un-
der surface of the wing into the airflow beneath
the wing as the aileron moves upwardly against
the airflow above the wing.

5. In an airplane wing, an aileron in the upper
surface of the wing, an aerodynamic balance car-
ried by and disposed below the aileron and in a
normal neutral position of the aileron positioned
in the wing, and said balance moved downwardly

from the wing into the airflow beneath the wing

10

as the aileron is moved upwardly to latera.l con-

trol positions.

6. In an airplane wing, the combmatlon of an .

aileron mounted in the upper surface of the wing
for upward movement to lateral control posi-
tions, with an aerodynamic balance remote from.
the aileron and in normal position at the wing
under surface, and said balance moved from the

15

wing into the airflow beneath the wing by upward -

.movement of the aileron to lateral’ control posi-
tions. )

20 -

7. In combination, an airplane wing, an aileron.

mounted in the upper surface of the wing re-

moved from the wing under surface, and an aero-

dynamic balance unit mounted on and carried

by the ‘aileron, -said balance unit embodying sup-
port arms extending forwardly and downwardly
from the aileron through the wing to the under
side thereof, and an aerodynamic balance mem-
ber mounted on the forward ends of said arms at
the under side of the wing remotfe from the
aileron, said balance member moved downward-

Iy from the wing under surface into the airflow"

by upward movement of said aileron.

8. In combination, an airplane wing, an aileron
mounted in the upper surface of the wing, and
an aerodynamic balance unit removably mounted
on and cairried by the aileron, said balance unit
embodying a support means removably mounsed

. on the under side of the leading edge portion of

the aileron and extending forwardly and down-
wardly through the wing to the under side there-
of, and a balance member removably and adjush-
ably attached to and mounted on the support
means at the under side of the wing.

9. An aerodynamic balance unit for an air-
craft - control’ surface, embodying spaced sub-
sta.ntxally parallel support arms for remougble
attachment to a control surface in position ex-
tending downwardly therefrom, an aerocdynamic
balance member secured on and across the lower
end portions of said arms, and a mass balance
weight mounted on and extending between said
arms above said aerodynamic balance member.

10. In an airplane wing, an aileron in the up-

per surface of the wing, an aerodynamic balance

unit carried by the aileron and including an
aerodynamic balance member disposed at the
lower surface of the wing, said balance member
lowered into the airflow beneath the wing by
upward movements of the aileron, and a mass

_balance weight mounted on sald aerodynamic

balance member,
11. In an airplane wing, an aileron in the up-
per surface of the wing for up movements to

30
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5.

lateral control positions, an aerodynamic balance

for said aileron beneath the wing and operative-
ly associated with the aileron for downward
movement into the airflow beneath the wing as

the aileron moves. upwardly from neutral con-’

trol positions to raised lateral control-positions,
and said balance with the aileron in a neutral

control position disposed:at and forming & por-

tion of the under surface of the wing.

70

.12, In an airplane wing, an aileron in the up-'?ﬁlf :
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per surface of the wing, a wing lift increasing
member in the lower surface of the wing be-
neath said aileron, and an aercdynamic balance
for the aileron beneath the wing at the under
surface thereof and operatively associated with
the aileron for downward movement from the
wing under surface and into the airflow beneath
the wing as the aileron moves upwardly to con-
trol positions.

13. In an airplane wing, an aileron in the up-
per surfaze of the wing movable upwardly to
lateral control positions, a wing flap in the under
surface of the wing beneath said aileron and ver-
tically movable to wing lift varying positions,
an aerodynamic balance for the aileron located
beneath the wing and operatively associated with
the aileron for downward movements into the
airflow beneath the wing as the aileron moves
upwardly to control positions, and said balance
in normal neutral control positions of the aile-
ron disposed forwardly of the wing flap at the
wing under surface.

14. In an airplane wing, an aileron in the upper
surface of the wing and movable upwardly from
neutral control positions to raised lateral control
positions, a wing flap in the under surface of
the wing beneath said aileron and vertically mov-
able to wing lift varying positions, an aerody-
namic balance for the aileron located beneath
the wing, a support means for said balance car-
ried by the aileron and extending therefrom
downwardly through the wing to the under side
thereof, said balance moved downwardly with
said support means by upward movements of the
aileron to lowered positions in the airflow beneath
said wing flap, the wing flap formed for unob-
structed downward movements past said balance
support means, and said balance in normal neu-
tral control positions of the aileron disposed for-
wardly of the wing flap at and forming a por-
tion of the wing under surface.

15. In an airplane wing, an aileron in the up-
per surface of the wing for up movements from
a neutral control position to raised lateral con-
trol positions, an aerodynamic balance member
for said aileron beneath the wing and operative-
ly associated with the aileron for downward
movement into the airflow beneath the wing as
the aileron moves upwardly to raised lateral con-
trol positions, said balance member with the
aileron in a neutral control position disposed at
and forming a portion of the under surface of the
wing, and the wing under surface formed for
upward movement of the balance member upon
downward movement of the aileron from a neu-
tral control position.

16. In combination, an airplane wing, an
aileron mounted in the upper surface of the wing,

‘a wing flap in the lower surface of the wing be-

neath the aileron, and an aerodynamic balance
unit mounted on and carried by the aileron, said
balance unit including a support arm extending
downwardly from the aileron through the wing
to the under side thereof forwardly of said lower
surface wing flap, and an aerodynamic balance
member mounted on the forward end of said arm
at the under side of the wing remote from the
aileron.
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17. In an airplane wing, an aileron in the up-
per surface of the wing for movement to lateral
control positions, an aerodynamic balance for
said aileron disposed beneath the wing and op-
eratively associated with the aileron for down-
ward movement into the airflow beneath the
wing as the aileron moves upwardly from neutral
control position and for upward movement as
the aileron is lowered, and said balance with the
aileron in a neutral control position disposed at
and forming a portion of the under surface of the
wing.

18. In an airplane wing, an aileron on the wing
for vertical lateral control movements, an aero-
dynamic balance for said aileron beneath the
wing and operatively associated with the aileron
for downward movement from the wing into the
airflow beneath the wing as the aileron moves
upward from neutral control position and for
upward movement within the normal contour of
the wing as the aileron moves downwardly from
neutral position, said balance disposed at and
forming a portion of the wing under surface
when the aileron is in a neutral control position,
and the wing formed to receive said balance in
position forming a portion of the wing under sur-
face and in position moved upwardly within
the contour of the wing.

19. In combination in an airplane wing, an
aileron mounted on the wing for vertical move-
ments, an aerodynamic balance for the aileron
mounted on the wing remote from the aileron
and in normal position disposed at and forming a
portion of the under surface of the wing, and said
balance operatively associated with the aileron
and moved downwardly from the wing into the
airflow beneath the wing by upward lateral con-
trol movements of said aileron.

20. In an airplane wing, an aileron in the up-
per surface of the wing and vertically movable
for lateral control, a vertically swingable wing
flap beneath said aileron and forming a portion
of the under surface of the wing, an aerodynamic
balance for the aileron disposed beneath the
wing forward-of said wing flap, a support for said
balance mounted on and carried by the aileron
and extending forwardly and downwardly
through the wing to the under side thereof, said
balance moved downwardly by said support
means into the airflow beneath the wing when
said aileron moves upwardly, said downwardly
and forwardly extended balance support means
formed for unobstructed independent operation
of said vertically swingable flap In any position
of said support and balance, and said wing flap
formed for unobstructed downward and rearward
movement of said support means when the flap is
in positions swung downwardly from the wing.

21. In a wing, in combination, an aileron on
the wing, a wing flap on the wing beneath said
aileron, an aerodynamic balance for the aileron
at the under side of the wing forward of said flap,
and means operatively associating said balance
with the aileron whereby the balance is moved
downwardly from the wing into the airflow by
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upward lateral control movements of said aileron.

RANDOLPH F. HALL.



