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UNITED STATES

This invention has to do in a general way with
the construction of airplanes, and is more par-
ticularly related to improvements in the con-
struction of the wings or airfoils which facilitate
the control of the airplane and reduce the hazards

. in landing and taking off.

More specifically my invention contemplates a

‘ flap which is mounted in the wing structure for.

swinging movement relative to the substantially
rigid portion of the wing, and is particularly
related to mechanism for controlling such a flap.

It is a primary objection of this invention to
produce a control mechanism for actuating flaps
and the like in the airfoil structure which is com-'
pletely enclosed within the wing or airfoil struc-
ture. Through the use of an enclosed mechanism
of this nature, I provide a structure which does
not interfere in any way with the stream line of
the airfoil, thereby avoiding the introduction of
wind resistance which would otherwise result
from mechanism projecting beyond the airfoil
surface. Furthermore, by enclosing the mecha-
nism within the wing, I am able to use parts of
lighter weight in the control mechanism since

-the parts are not subjected to wind stresses dur-

ing the travel of the airplane.

The flaps contemplated by this invention are
what may be termed a split trailing edge type
in that they are pivotally mounted in the trailing
edges of the wings so that the trailing edges of
the flaps are substantially coincident with the
trailing edges of the wings, the flaps being pivot-
ed along axes which lie a substantial distance
ahead of the trailing edges. These flaps, as was
pointed out above, will find their most extensive
use during landing and taking off in that when
they are lowered or swung. downwardly from the
wing, they increase the head resistance and the
1ift, and decrease the air speed of the plane.

For most satisfactory operation, I have found
that the flaps must be constructed so as to per-
mit their being swung downwardly at an angle
in excess of 40° with their normal folded posi-
tion. - It is, therefore, a further object of this
invention to produce a control mechanism of the
class described which is capable of swinging the
flaps downwardly at angles in excess of 40°.

Although the control mechanism contemplated
by this invention may be manually operated or
adapted for manual operation, I consider it a
further object of the invention to produce a con-

- trol mechanism which operates automatically

within certain limits, depending upon the air
speed of the airplane or the wind pressure around
the airplane which is a function of the air speed.

In other words, the automatic feature of my in-
vention contemplates the provision of means
which will automatically lower the flaps when the
air speed of the plane decreases beyond & pre-
determined ‘limit or which will automatically
raise or fold the flaps when the air speed ex-
ceeds s predetermined limit. In other words, in
taking off, the air speed is relatively low and the
flaps are in a lowered position thereby increasing

[+

the lift which assists in attaining high elevation 10

within a short distance relative to the ground so
that a plane built for normally high speeds can
be easily maneuvered to obtain ample “clearance”
elevation before it passes the boundary of even

plane has reached the predetermined speed limit,
mentioned’ above, the automatic means referred
to are effective to withdraw the flaps without any
attention whatsoever from the pilot. When the
plane is being maneuvered for landing, the pilot

will cut off the motor, and when the velocity of

the airplane decreases to a predetermined point,
the flaps will be automatically lowered, which fur-
ther reduces the velocity so that the airplane can
be landed in safety. ‘This feature is obviously
very valuable in planes which are designed and
built for extremely high speed. ‘

Since the flap, or flaps, contemplated by this
invention, are preferably constructed so as to'ex-
tend the full length of the wing, I have devised 2
novel aileron construction which permits a full
length flap of this nature,” and my invention,
therefore, further contemplates such an aileron
construction. In this connection, it is a further
object of this invention to produce an aileron of
the class described which is disposed at an angle
other than 90° with the direction of the flight or
is substantially normal to the line of air flow
across the wing in the tip portion where the
aileron is located.

My invention also contemplates a novel flap
type of aileron mounted on the trailing edge of
the wing in the upper surface thereof, and con-
trol means for actuating such an aileron.

It is a still further object of this invention to
produce a control mechanism of the class de-
scribed which is of simple form and construc-
tion; is light in weight; and has a minimum of
operating parts.

It is a further object of this invention to pro-

duce a control mechanism of the class described
which is formed so that the pressure or force
required to open the flap will remain substan-
tially constant at all times -irrespective of the
wind pressure against the flap. In other words,
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2‘
it is an object of this invention to produce a con-
trol mechanism in which the power ratio of the
“flap operating means increases as the flap is
opened so as to compensate for the increasing
pressure against the flap as it is swung down-
wardly into the wind,

The details in the construction of a preferred
form of my invention, together with other objects
attending its production, will be best understood
from the following description of the accompany-
ing drawings which are chosen for illustrative
purposes only, and in which—

Fig. 1 is a plan view which illustrates, more or
less diagrammatically one form of flap construc-
tion and flap control mechanism contemplated
by this invention;

Fig. 2 shows an airfoil section whxch may be
considered as having been taken in a plane rep-
resented by the line 2—2 in Fig. 1;

" Fig. 3 is an airfoil section showing a modified -

form of control mechanism;

Fig. 4 is a sectional view which may be con-
sidered as having been taken in & plane repre-
sented by the line §4—4 in Fig. 3;

Fig. 4A is a diagrammatic view showing .a. mod-
ified form of pressure operated flap actuating
means;

Fig. 5 is a fragmentary a,irfml section showing
another form of flap operating mechanism; ’

Fig. 6 is a plan section taken in a plane rep-

resented.by the line 6-——6 in Fig. 5;

Fig. 7 is a fragmentary plan section with parts
broken away showing part of a fuselage and a
wing, and illustrating a preferred form of auto-
madtic flap control contemplated by this invention;

Fig. 8 is a wiring diagram showing one manner
of controlling the flap actuating mechanism
shown in Fig. 7;

Fig.9is a fragmentary airfoil section showing
another modified form of my invention;

Fig. 10 is a fragmentary plan view of a wing
or airfoil showing another form of flap and aile-
ron construction with a modified form of control
mechanism;

Fig. 11'is a sectional elevation taken in a plane
represented by the line {{—I1 in Fig. 10; and

Fig. 12 is a sectional elevation taken in a plane
represented by the line 12—I2 in Fig. 10.

More particularly describing the invention as
‘herein illustrated, reference numeral {{ indicates
an airplane comprising a fuselage {2, and wings
i3 and 13’. The fuselage is equipped with a pro-

peller unit generally indicated by reference nu- -

meral {4, and is provided with a cockpit indi-
cated at I5.

In the airplane shown in Fig. 1, the wings are
equipped with a flap unit shown as comprising
a plurality of flaps which T may refer to as an
inner flap 16, an intermediate flap 7, and a tip
flap 18. By arranging the flap unit in this man-
ner, I may form the inner and outer fiaps so that
they “wash” or load the air inwardly toward the
center of the wing which carries the intermedi-
ate flap. However, it is to be understood that a
single flap extending the entire length of the
wing, may be employed and that such flap may
embody the characteristics of any one of the
three flaps shown. In other Words ¥ may em-
ploy a flap which extends the entire length of the
wing wherein the leading edge of the flap con-
verges from a point nearest the fuselage toward
the trailing edge of the wing, or the fiap may be
one in which. the leading edge of the flap is paral-
lel with the trailing edge of the wing, or the flap
may be one in which the leading edge converges

2,026,728 ‘ T

from a point nearest the tip towa,rd the trailing
edge of the wing, each of these flaps having the
attending advantages for the particular use for
which the plane is designed.

It is another feature of the flap construction, 5

contemplated by this invention, that the flap is
of the split trailing edge type in that it normally
cooperates with a substantially fixed portion 20
of the wing to form a stream line airfoil section.
In other words, the wing may be considered as
having a flap opening 22 disposed at or near the
trailing edge and, as shown in Figs. 2 and 3, the
flap indicated by reference numeral I8 is piv-
otally mounted as indicated at 23 along the front
or leading edge of the flap opening 22. The flap 15
is of a width such that when it is in a closed or

normal flying position its trailing edge-engages

and -closes the trailing edge of the flap opening,

The present invention, however, is more par-
ticularly concerned with the flap operating mech- 20
anism than it is with any specific type of flap,
and in Fig. 2 I show one preferred form of flap
operating mechanism which comprises a pair of
links, or a plurality of pairs of links, indicated at
248 and 25, such links being pivotally connected 25
at 26 to form g hinge.

The “free” end of the link 25 i3 pivotally at-
tached to a brace member or other suitable sup-~
port in the substantially fixed portion 20, as in-

- dicated at 27, and the “free” end of the link 23 30
is pivotally connected to the flap {8 as indicated

io

_at 28. This hinge member, made up of links 24

and 25, is constructed so that when it is in a
folded position it is effective to close the flap, and
when it is opened it is effective to swing the flap 38
downwardly. It is one feature of this mechanism
that it is capable of opening the flap to an angle

in excess of 40°.

Although various means may be employed to
actuate the hinge member, I show in Fig. 2, a 40
construction which is simple .and easy to operate.
In this construction, the flap is urged toward a
closed position by means of a tension spring 30
interposed between the hinge member and the
fixed portion of the wing, and is adapted to be 45
swung downwardly to an open position by open-
ing the hinge member through the medium of a
cable, or other flexible member, 32, which is
shown as being attached to the pivot point of the
hinge member and extends over pulleys 33 and 50
23’ mounted on suitable rigid elements such as
the spars 35 and 35’ of the airfoil. This cable
extends over other suitable pulleys, not shown,

- until it is brought to a convenient point in the

cockpit where it is attached to a lever member 53
36.

In the event a plurality of flaps are used, I may-
connect each pair of flaps (corresponding flaps in
opposite wings) to a separate lever so that they
can be independently operated, or I may connect
the cable from all of the flaps to one pair of main
control cables which in turn are connected to a
single lever. I may also dispense with the spring

' 80 and employ two cables, one leading from each

side of the hinge member so that the movement 65
of the lever in one direction is effective to open .
the hinge, and movement in the opposite direc-
ton is effective to close the same.

It was pointed out in the early part of the spec-
ification that, in addition to the flap control 70
mechanism, this invention contemplates a novel
type of aileron which is in the nature of an aux-
iliary flap. Such an aileron construction may be
mounted either on the top surface of the wing

or at the bottom surface of the wing, or, a flap [
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may be mounted on both such surfaces. In Fig.
2, this aileron type of fiap is shown as being
mounted on both such surfaces. The top aileron
1s indicated by reference numeral 31, and the
bottom aileron is indicated by reference numeral
38. These aileron flaps, unlike the flaps 18, are
adapted for reception in the recesses of the wing
surface, and are shown as being pivoted at their
leading edges as indicated at 3% and 40. It is
one feature of this type of aileron that it is
mounted between the centers of pressure travel
in the wing. In other words, the flap is prefer-
ably located substantially between the center of
pressure location. for high speed travel and the
center of pressure location for low speed travel.

1t is another féature of the flap 31, that it is
disposed or arranged in substantially normal re-
jation to the mean line of air flow across the wing
in the particular region where the flap is located.
This feature is best illustrated in Fig. 1 but the
line of air flow for the region of the aileron is
indicated by the reference letter L. It is to.be

- understood, of course, that this arrangement of
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the aileron may be used in both the top and bot-
tom flaps in the event two flaps are used. For
the purpose of illustration, however, the hottom

flap in this form of my jinvention is shown as

being arranged in the usual manner where it is
normal to the line of travel or parallel to the
leading edge of the wing. :

For the purpose of actuating the aileron I
show the same as being mounted upon & shaft
which is provided with a lever member 42 extend-
ing through a suitable slot or opening in the wing
to a point within the wing. The free end of
this lever member 42 is connected to a pair of
cables 43 and 43’ which extend over pulleys 44
and 44’ and additional pulleys (not shown) toa
point in the cockpit where they are attached to
‘an operating lever similar to the operating lever
36." The bottom flap 38 is rigidly associated with
a lever member 44 and is urged toward a closed
position by means of a tension spring 45 and is
adapted to be swung to an open position by means
of g cable #6. In this particular -grrangement,
the aileron flaps are adapted for independent
operation, but it is to be understood that they
may be interconnected for simultaneous opera-
tion by means of a suitable link mechanism or by
the cable control system.

In Figs. 3 and 4, wherein the wing structure
and the flap are identical with the wing struc-
ture and flap in Fig. 2, and are indicated by the
same reference numerals distinguished by the
prime mark, I show a modified form of flap con-
trol mechanism. This control mechanism is
shown as comprising a pair of links 50 and §i
pivotally connected at 52 to form a hinge. The
free ends of these links are connected, for swing-
ing movement, about two axes to the rigid por-
tion 20’ of the wing and the flap 8 as indicated
at 53 and 54 respectively. In this particular
arrangement, the hinge member is arranged to
operate in a plane extending ‘along the length of
the wing, and since the hinge must swing as a
unit during. the pivotal movement thereof which
opens and closes the flap, it is necessary to em-
ploy the double acting pivot units 53 and 54.

This particular type of hinge construction
lends itself especially to use in connection with
a hydraulic actuating mechanism, and although a
cable or other type of actuating mechanism may
be employed with this hinge, or & hydraulic mech-
anism may be employed with the type of hinge
shown in Fig. 2, I show in Figs. 3 and 4 a hydraulic

3
cylinder or a plurality of such cylinders indicated
generally by reference numeral 55, the cylinder
55 containing a piston 56 which carries a piston
rod 51. The outer, or free end, of the piston rod
is pivoially attached to a link 58 which in turn is &
connected to the pivot point 52 of the hinge unit.
" The piston is adapted to be reciprocated in the
cylinder 85 for actuating the flap by means of
what I may term a power cylinder 60 which con- '
tains & piston 61 having a piston rod 62 adapted 10
for actuation by a lever member 63. The lever
member 63 is of course situated convenient to the
pilot in the cockpit. o :

The power cylinder 60 is connected to the flap
actuating cylinder 55 through the medium of a 15
pressure fluid conduit 64, and the whole system
is filled with a suitable pressure flund such as oil,
glycerin, or the-like. In this particular form of
my invention, I depend upon the suction, created
in the power cylinder by the retraction of the 20
power piston, to withdraw the piston 56 and re-
tract the flaps. It will be understood, however,
that I may employ fluid lines to connect both
ends of the respective cylinders so that there is
positive pressure on the piston 56 {or both the 25
opening and closing operation, also that a sylphon
bellows or a diaphragm system may be employed
as an operating means. A bellows system is
shown in Fig. 4A where the bellows, indicated
at 55’ and 60’, are interconnected by & fluid con- 30
duit 64°. The bellows 60’ is actuated by a lever-
§3’, and the bellows 55 actuates the flap operat-
ing links 50’ and §1°. . L

In Fig. 5, I show another modified form of my
invention in which the flap, indicated by ref- 86
erence numeral 18a, is rigidly .mounted upon a
shaft 671 which is rotatably supported by bear-
ing brackets 68 shown as being mounted on a
spar 35a, the shaft 67 extending substantially
parallel to the axis of the wing. The inner end
portion of the shaft 61 is provided with a lever
member 61’ which is connected through the me-
dium of a link, or system of links, 69, with a
manually actuated lever 70. This system pro-
vides a simple and compact flap operating mech~ 45
anism. , : ‘ _

It was pointed ouf in the forepart of the specifi-
cation as one object of this invention to provide
a flap control mechanism which was automatical-
1y effective to open and close the flaps, depending 50
upon the air speed of the airplane. Such & sys-
tem is illustrated in Figs. 7 and 8 wherein the flap
indicated by reference numeral 10 is of the gen-
eral construction referred to above, and is shown
as being provided with hinged members indicat- 53
ed at 71 and Ti’ for opening and closing the flap
in the manner described in connection with Fig. 2.

These hinge members are connected at their
pivot points to oppositely extending cables 13,
13’ associated with suitable supporting pulleys 14.
The cables 13 are shown as being ‘united at 15
where they continue as 2 single cable which ex-
tends over a pulley 16 and is connected to a
rack 17. The other end of the rack 17 is con-

40

60

" nected to a similar extension of the cables 13’. 65

The rack 17 is engaged by a pinion 18 which
is keyed to a.shaft of & suitable power device,
such as a reversible electric motor 19. The cur-
rent to the motor is adapted to be reversed by
means of a vane or other suitable wind pressure 70
mechanism indicated at 80. In this particular
form the vane 80 is shown as being pivoted in the
side of the fuselage and is pressed outwardly

by means of a compression spring 81.

“The vane 80 Is associated with, or as shown, 75 -
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is attached to a reversing switch generally indi-
cated by reference numeral 82 whereby the cur-
rent through the motor is reversed for effecting
opposed- movements of the rack 71. In opera-

_tion, the 'spring 81 is of a strength such that it

will re51st a predetermined wind pressure against
the vane, such pressure resulting from the move-

' ment of the plane 5o that when the plane is stand-

ing or moving at slow speeds, the vane 80 is

pressed outwardly, closing a circuit through the.

motor which drives the rack in the direction of
the arrow “A” to swing the flap downwardly, such
movement of the rack being continued until the
end of the rack engages a circuit opening switch

-indicated at 84. When the plane attains a pre-

determined speed, the wind pressure against the

vane 80 is sufficient to press the vane inwardly

against the action of the compression spring

thereby closing a reverse circuit through which’

the motor then drives the rack in the direction
of the arrow “B” thereby closing the flap. ’

In Fig. 8, I show a wiring diagram for one type
of circuit which may be used in conjunction with
a device of this character. From this diagram it

. will be noted. that the motor 719, when set for

automatic operation, is adapted to be driven from
a battery 85 through a circuit control switch 86
and g circuit generally indicated at C, such cir-
cuit containing the vane actuated control switch
82.

“The device is also equipped for manual opera-
tion, such operation being effected by throwing
the switch 86 to connect the battery with another
circuit C’. 'This last -mentioned circuit contains
a manually operated reversing switch 82’ which
is actuated by means of a lever member 89’ in-

stead of the vane 80. The lever member 86’ will -

be situated in the cockpit of the fuselage and its
actuation will have the same result upon the
ﬁaps as the vane actuated switch 82. .

In Fig. 9, I show another modified form of the
invention in. which the trailing edge -of the sub-
stantially fixed portion 20c of the:wing may be

-.considered as having been split to form two flaps

90 and 9f. These flaps are formed so that when

- they are in ‘a closed position they cooperate to
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‘the flap 90, as indicated at 93’,

form a streamlined airfoil section. For the pur-
pose of actuating these flaps, I employ two sets
of hinged links generally indicated at 92 and 92’.

The hinge unit 92 has one leg 93 connected to
and .the other
leg 94 is connected to a point 94’ on the substan-
tially rigid portion of the airfoil. Similarly the
hinge unit 92’ comprises a leg 96 connected to
the flap 91 as indicated at 96’ and a leg 97 piv-
otally connected to the wing séction as indi-
cated at 97’. These flaps are urged toward a

closed position:by means of tension springs 98

and 98’ and are adapted to be independently
opened by means of cables 99 and 99’. Inward
movement of the flaps is limited by stops S.

In Figs. 10 to 12 inclusive, I show another modi-
fied form of double flap construction in which
I have shown an upper flap £00 situated on the
tip of the wing adapted for use as an aileron.
This flap, as indicated in Fig. 11 is pivoted in
the substahtially rigid portion of the wing as
indicated . at 10§ and is connected through a
double action hinge 102 to .one leg 103 of a
link hinge unit i84. The other leg 105 of this
link hinge unit is connected through a double
hinge 106 with a rigid portion of the wing such
as the upper edge of the rear spar {07. The
hinge unit 104 is adapted to break in a plane
which extends along the length of the wing and

2,026,728

is moved in opposite directions by means of -

cables 08 and (09 extending over pulleys {10
and additional pulleys (not shown) to a point
in the cockpit where they can be actuated by a
suitable lever.

In addition to the aileron flap (08, the sub-
stantially rigid wing portion 20d is equipped
with a bottom flap 112 pivoted to the rear spar
as indicated at 1i3 and adapted to be folded
downwardly from the wing by means of a hinge
link unit {14 which is similar both in construc-
tion*-and operation to the hinge link unit de-

scribed in connection with Fig. 9. Instead of-

employing a tension spring to close the flap 112,
however, I use a pair of cable members 115 and
119’ which extend in opposite directions from
the pivot point of the hinge over pulley guide
means 116 and 17,

It will be observed in thls construction just
described, that the hinge unit, which operates the
top flap, works in a plane which is disposed at
right angles to the plane in which the hinge
unit actuating the bottom flap works.

It was pointed out in the forepart of the
specification that one object of the invention was
to produce a flap control or flap actuating mech-
anism which was formed so that the pressure or
force required to-open the flap remains substan-
tially constant at all times, or more specifically
one in which the power ratio of the flap operat-
ing means increases as the flap is opened, there-

‘by maintaining uniform stresses in the cable or

other means provided for operating the flap ac-
tuating mechanism. 'This object is accomplished,
in this form of my invention, by means of the
hinge link unit, the mechanical advantage of
which increases as the hinge is opened.

+ It is to be understood that, while I have here- .

in described and illustrated one preferred form
of my invention, the invention is not limited to
the precise construction as described above, but
includes within its scope whatever changes fair-
1y come within the spirit of the appended claims.

I claim as my invention: _

1. In combination with an airplane wing hav-
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ing a substantially fixed portion: flap means -

swingably mounted on the underside of said wing
at the trailing edge thereof and extending sub-
stantially the full span of said wing; means for

actuating said flap means; an auxiliary vane :

hinged to the under surface of said wing ahead

- of said flap means; and means for actuating said

auxiliary vane, said flap means comprising a plu-
rality of flaps having their leading edges posi-
tioned so as to wash the air stream from the
root and tip of the wing toward an intermediate
portion thereof.

2. In combination with an airplane wing hav-
ing a substantially fixed portion: flap means
swingably mounted on the underside of said wing
at the trailing edge thereof and extending sub-
stantially the full span of said wing; means for
actuating said flap means; an auxiliary vane
hinged to the under surface of said wing ahead
of said flap means; and means for actuating said
auxiliary vane, said flap means comprising a plu-
rality of flaps having their leading edges posi-
tioned so as to wash the air stream from the
root and tip of the wing toward an intermediate
portion thereof, and said auxiliary vane being
positioned so as to divert a part of the air stream
toward the said intermediate portion of the trail-
ing edge. -

GEORGE E. BARNHART.
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