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Among the known control surfaces for aireraft,
spart from a simple aileron disposed at the trail-
ing edge of a wing near the tip thereof, are a piv-
oted flap extending the full span of a wing with~
out any aileron, or with an aileron forming part
of the wing, the flap being arranged in rear of
the trailing edge of the wing and of the aileron,
and also a so-called spoiler, usually arranged to
bé projected upwardly from the upper surface
of a wing for the purpose of destroying the lift.
It is also known to arrange s flap to be lowered
bodily below the level of a main aerofoil and to
be turned, about an axis at, or near to, the centre
of pressure, to raise or lower the leading edge
of the flap, the turning of the flap being effected
independently of, or concurrently with, the bodily
lowering movement,

In another known arrangement a flap may be
housed in a recess at the trailing marginal por-
tion of a wing or lowered rearwardly to an in-
clined position, while a gap through the main
portion of the wing may be opened and closed by
members pivoted at the upper and lower sur-
races of the wing and operated concurrently with
said flap. Further, it is known to effect the bodily
lowering and raising of flaps by means of a pair
of double acting hydraulic jacks, the circuit of
which is controlled by known means. In such a
hydraulic system the movement of the pistons is
transmitted to levers or similar members by
which the flaps are actuated via operating shafts
formed with long pitch threads co-operating with
corresponding female threads in the aforemen-
tioned levers or similar members, to convert rec-

tilinear movement of said shafts into rotary .

movement of the levers or similar members, the
pitch of the threads being such that movement
cannot be transmitted in the contrary direction.
The object of the present invention is to retain
the advantages of a full spin flap, to obtain a
great degree of control of the aircraft at its slower
speeds and to obtain a clean wing at its higher
speeds.

To this end and in accordance with the in-
vention a wing provided with a full span flap
arranged to be housed in a recess in, and to be
lowered bodily below the level of, the main wing,
has the tip portion of the flap arranged to be
usable as an aileron. The wing may also be pro-
vided at its upper surface with a spoiler, which
may be used either alone or in conjunction with
the aileron flap-part for control purposes. ‘The
spoiler and the aileron flap-part, when both are
provided, may be actuated independently of one
another each by its appropriate control means
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or they may be actuated concutrently by common
control means. Preferably common control
raeans for the spoilers and the aileron flap-parts
on the opposite sides of the aircraft are so ar-
ranged that when the flaps are in their housed
positions the nmeans act only on the spoilers and
do not produce any movement of the aileron
fiap-parts, but when the flaps have been lowered
the means act on the spoilers and on the aileron
flap-parts concutrently. Further, the connec-
tions of the spoilers and the aileron flap-parts
with their common control means, as for ex-
siaple, the usual control lever or joy-stick, may
bé such that when the spoiler at one side of the
aireraft is raised the leading edge of the aileron
flap-part at the same side is depressed and the
leading edge of the aileron flap-part at the other
side is raised, but to a smaller extent than that
to which the aileron flap-part at the first men-
tioned side is depressed. Simultaneously there-
with the spoiler at the other side is depressed,
but since the depression of the spoiler takes place
within the thickness of the wing it is of no effect.

If desired, the inboard parts of the flaps (when
the flaps, each as a whole, have been lowered
hodily) may be arranged to be turned simultane-
ously and in the same direction about a trans-
verse axis independently of the aileron flaps to
act as air brakes for use when diving. For this
purpose a single control lever may be arranged
to act through alternative control means, one of
said control means bringing about the bodily
lowering and raising of the flaps, each as a whole,
and the other bringing about .the turning of the
inhoard parts of the flaps to act as air brakes.
For example, a pivotally mounted control lever
may be movable in a slotted arcuate guide.
Notches are formed in .one side of the slot to re-
ceive the lever when it has been brought to pre-
determined positions corresponding with prede-
termined positions of the flaps, each as a whole.
The control means on which the lever acts when
it is moved in the slot bringing about the lower-
ing and raising of the flaps; each as a whole.
The other side of the slot may be provided, at a
predetermined position, with a gate through
which the lever may be displaced laterally and
then moved about its pivotal axis to act on the
alternative control means which bring about
the turning of the inboard parts of the flaps to
act as air brakes.

In the accompanying drawings, Figure 1 is a
diagrammatic plan of the leading end of the
port side of an aircraft having control surfaces
arranged in accordance with one form of this
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invention; Figure 1A is a diagrammatic eleva-
tion of a portion thereof; Figure 2 is a diagram-
matic presentation of the links and their con-
nections, while Figures 3 and 4 illustrate the ac-
tual arrangement of the links and their con-
nections. Figures 2, 3 and 4 are sections taken
on the lines 2—2, 3—3 and 4—4, Figure 1, re-
spectively; and Figure 5 is a fragmentary di-
agrammagtic section similar to Figures 2, 3 and
4, but illustrating a modification.

As shown in Figures 1 to 4a is the fuselage of
an aircraft, b is a wing thereof and ¢ d is a full
span flap mounted on the wing b substantially
in a known manner by means of pair of links
such as e f so that it may be lowered bodily
from its normal housed or retracted position
shown in full lines in Figures 2 and 4 to positions
below the wing level. Figure 2 is purely di-
agrammatic in order to illustrate the general

arrangement and positions to which the inboard :

parts of flap ¢ 'd may be moved as some of the
sections of such-links e 7 with the flap ¢ d as a
whole are modified for the purposes of the pres-
ent invention. The actual means for carrying
the inboard part ¢ are shown in Figure 3 and
those for carrying the outboard part d are shown
in'Figure 4. The dotted line positions illustrate
(I) a normal cruising position indicated at ¢’
in Figure 2, and d’ in Figure 4 when the links
e f will be in the positions e’, f/; (II) a landing
position indicated at ¢% in Figure 2 and ¢2 in
Figure 4, when the links e j will be in the positions
€? f2; and for part ¢ (III) a diving position ¢3
when the link e will remain in the position e! but
the link f will be in the position f3,

The flap ¢ d is formed in two parts, an inboard
part ¢ and an outboard aileron flap-part d, both
sgid parts moving as one during the bodily lower-
ing movement to the position ¢!. The aileron flap-

D= 4
part d when actuated by the joy-stick has a

further turning movement (up or down), while
the inboard part ¢ of the flap, for diving pur-
Doses, may be turned independently of the
aileron flap-part-d to the. position ¢3 by alterna-
tive actuating means as hereinafter described.
The upper end.of the front link e of each pair
is pivoted to the aircraft wing on the axis of a
shaft-¢g formed with long piteh threads (as men-
tioned above and to which further reference will
be made hereinafter) above the recess in the
wing b in which the flap ¢ d is housed. The
lower end of the link e is pivoted, virtually at k,
in relation to the leading edge .of the flap ¢ d.
The upper end of the rear link f of each pair
is: pivoted, actually or virtually at 7, to a bracket
k extending upwardly and rearwardly from the
trailing marginal portion of the wing b. The
lower end of the link is pivoted, virtually at m,
in relation to the flap ¢ d near its upper surface
and in rear of its centre of pressure at n. 'The
lengths of links e f is such that during the bodily
lowering movement of the flap ¢ d, as a whole,
said flap moves through a series of positions
substantially ‘parallel with its housed position.
However, after the links e 7 have passed from
forward and downward inclination, through ver-
tical positions, to rearward and downward in-
clination, the flap rises again and the leading
edge is raised slightly when it reaches its “cruis-
ing” position ¢l. Further rearward movement
of the links e j causes the leading edge of the
flap-part ¢ to be raised further to bring the flap
to its “take off” position (not shown in Figure
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2) and still further rearward movement of the
links ¢ f causes said leading edge to be raised
still further to bring the flap-part to its “land-
ing” position c2

5 At the ends of the outboard part d of the flap

(see Figure 4) the lower ends of the flap-lowering
links e f are pivotally connected at  and m with
the front and rear ends of carrier links such as
0,’and the aileron flap-part d is pivotally mounted

10 on a spindle p extending between a pair of such

carrier links, one at each end of the aileron fiap.
The axis of the spindle p passes through, or near,
the centre of pressure of the aileron flap~part
d and through intermediate points approximately
midway of the length of the carrier links o.

In order that the aileron flap-part d may be
moved above its pivotal axis p to act as an
aileron after the flap ¢ d, as a whole has been
lowered, the flap-part d has pivotally connected

0 therewith the lower end of an operating link i

which corresponds with a rear flap-lowering link

f. The upper end of link i is pivoted at a point

which is-normally coaxial with the upper pivot

of said rear flap-lowering link f to one arm q of
“ a bell crank lever q r pivoted at s on the wing b,
the other arm r of the bell crank lever being con-
nected by links £ # with the control lever or joy-
stick (not shown). Hence it is seen that when
the joy-stick is actuated, the pivot 7 at the upper
end of link i is raised or depressed, for example,
to the positions 42 or 52 Thus the aileron flap-
part d may be turned about its pivotal axis p
irrespective of the inclination imparted to the
carrier links o according to the position to which
the flap ¢ d, as a whole, has been moved by the
flap-lowering links e f.

In Figure 4 the aileron flap-part d is shown in
full lines in its housed position and in broken
o lines in (4) its cruising position d?, angularly ad-
justable as at dl! and d'2 and (i) its landing
position @2, angularly adjustable as at d2' and
d%, The corresponding positions of the lowering
and carrier links are indicated at e?, 1, 0! and
€, 12, o? respectively and the corresponding posi-
tions of the pivotal points &, m and P being in-
dicated at Al, m! and p! and K2, m2 and p? re-
spectively.

In the upper surface of the wing b and for-
ward of the recess for the aileron fap-part d,
there is pivoted on a spindle v a spoiler w, the
top of which, when in its neutral position is sub-
stantially flush with the upper surface of the
wing. A crank arm z is mounted on the spindile
v of the spoiler w and is connected by a link
with one .arm - {1 of a lever (( , 12 :of the first
order. -The lever I{, {2 is pivoted at i3 on the
wing b. - The other arm 12 of said lever is shorter
than the arm I{ and is connected by the link ¢
with the:arm 7 of the bell crank lever ¢ r which
brings about the turning of the aileron flap-part
d. As stated above the link ¢ is also connected
with-the link % which in turn is connected with
the. control lever or joy-stick. Hence, when the

65 flap ¢ 'd as-a whole, is lowered and the control

lever or joy-stick is actuated, the spoiler w is
raised or-lowered concurrently with the actua-
tion of the aileron fap-part d. When' the flap
¢ d,-as a whole, is in its housed position the

70 pivotal axis m -of the connection between the

lower ends of the rear flap-lowering links 7 and
the rear ends of the carrier links o coincides
with that s-of the bell crank lever q 7. Hence,
- the actuation of- the control lever or joy-stick to

75 raise or lower the spoiler » does not produce any



£,479,619

movement of the aileron flap-part d but merely
turns the rear flap-lowering links f about the
common axis.

At the ends of the inboard part ¢ of the flap
¢ d (see Figure 3) the upper ends of the front
and rear flap-lowering links e and f are pivoted
to the wing b at ¢ and virtually at § to the up-
wardly and rearwardly extending bracket k, re-
spectively. 'The lower ends of the links e, f are
pivotally connected at » and m with the front
and rear erds, respectively, of carrier links such
as [4 as shown in Figure 3, the inboard part ¢
of the flap ¢ 4 is pivotally mounted between a
pair of such carrier links {4 on an axis n passing
through, or near, the centre of pressure of the
inboard part ¢ and through intermediate points
approximately midway of the length of the car-
rier links (4. .

In order that the inboard part ¢ of the flapc d
may be turned about its pivotal axis n to a “brak-
ing” position ¢ for diving, shown in broken lines,
after the flap ¢ d as a whole, has been lowered
to its “cruising” position ¢!, (not shown in Figure
3, but-see Figure 2) the front flap-lowering links e
are not actually pivoted to the inboard part ¢ but
their pivotal connections at 72 with the front ends
of the carrier links {4 are situated at the leading
edge of part ¢. The lower ends of operating links
such-as #5 are pivoted to the inboard part c at i6
in rear of its pivotal axis n on the carrier links
1%, The upper ends of the cperating links (5
are pivoted to the rear ends of the horizontal
membkers, such as 17, of inverted T-shaped levers
i1, I8, the front ends of which are pivoied to the
wing b at the top of the flap housing. The pivotal
axes at the upper and lower ends of the operat-
ing links {§ are coincident, in all positions of the
inboard part ¢ except its “diving” position ¢8, with
those of the pivotal connections 5 and m of the
upper and lower ends of the rear flap-lowering
links f. In the same manner, the pivotal axis of
the front ends of the members {7 of the inverted

T-shaped levers {7, {8 is coincident, or substan-
tially coincident, with that m of the lower end
of the front flap-lowering link f when the flap-
part ¢ is in its “Housed” position.

In view of this coincidence of pivotal axes ex-
cepi when the inboard part ¢ of the flap ¢ d is in
its “diving” position ¢3, only the housed and
“diving” positions ¢ and ¢3 of said part are shown
in Figure 3, the former indicating the coincidence,
while  the latter shows.the elements in their
“diving” no=1t1ons ¢3, e3, 13, h3, 43, (see also Figure
2), m3, n3, 143, This view also permits the operat-
ing link {5, the pivot 16, and the horizontal mem-
ber {7 to be seen; 183 indicates the position of the
member {8 of the inverted T-shaped levers {7, I8
when the part ¢ is moved to its “diving” position
c3.

The free ends of the upright members 18 of the
inverted T-shaped levers 1, I8 are connected
with operating means such as the plunger {9 of
an hydraulic jack 19, 20 mounted on the wing b.
The arrangement is such that, when the flap-
lowering links e 7 have been actuated to bring the
flap ¢ d to the “cruising” position and the hy-
déraulic jack 19, 28 is actuated to rock the inverted
T-shaped levers 11, 18 about their pivotal axis m,
they move the operating links !5 connected there-
with upwardly (each substantially in its own di-
rection), for example upwards from behind the
link f shown in full lines in Figure 3. 'This causes
the inboard part ¢ of the flap ¢ d to turn about
its pivotal axis n on the carrier links 14, its lead-

o,

ing edge being depressed and the inboard part ¢

is'thus brought to its “diving’ attitude ¢3.
Referring now to Figures 1 and 1A, the ﬂap-

lowering links e f are actuated by means of

- threaded parts-of longitudinally movable shafts ¢

co-~operating with nuts as set out in the specifica-
tion of Letters Patent No. 538,545, The con-
trolling means for the hydraulic jacks 2{ of such

_ mechanism includes a T-shaped lever 22, 23, the
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opposite ends of the member 22 of which are con-
nected by links 24, 24 and levers such as 25 with
the control valves such:as 26 for the hydraulic
jacks 21 on the opposite sides of the aircraft a;
the free end of the upright member 2% of said
lever 22, 23 is connected by a link 27 (including a
spring buffer box 28 to take up, or provide for,
lost motion) with ‘a crank arm 28 on a spindle
30 extending across a selector box and with which
an operating lever 31 may be connected by a
clutch (not shown) when it is displaced in the
appropriate direction along the spindie 30. On
said spindle 3§ is a second crank arm $2 which is
connected by g link 33 (including a spring buffer
box 34) with the free end of the member 35 of
another - T-shaped lever -85, 36, The obpposite
ends ‘of the horizontal member 36 are connected
through links 21, 31, to a bell crank lever 38, and
link 3§ with the control valves such as 48, Figure
3, for those hydraulic jacks 23 disposed on-the
opposite sides of the aircraft a which actuate the
inverted T-shaped levers i1, 18 for bringing the
inboard parts ¢ of the flaps ¢ d to their “diving”
positions ¢3. The operating lever &f is:movable
in a slot 41 in an arcuate guide 42 and is clutched
to the crank 2% on the spindie 38 so that move-
ment of lever 81 about the axis of the spindle 38
will actuate the flap-lowering links e 7. - At the
appropriate -side of the slot &1 in the arcuate
guide 42 are nofches 43 corresponding with the
“housed”, the “cruising”, the “take off”-and the
“landing” positions of the flaps (see Figure 1A),
into which notches 43 the lever 21 is spring urged.
At the other side,-and opposite the “cruising”
notch 43, the slot 41 is formed with a gate 44 lead-
ing to a short slot 45 parallel with the former so
that, after the flaps ¢ d have been brought to the
“eruising” position, the lever 3f may be moved
through the gate 44 and thereby declutched from
the crank arm 29 and clutched to the second
crank arm 32. Movement of lever 3{ in the short
slot 85 will then bring about the turning -of the
inboard parts ¢ of the flaps ¢ d to their “diving”
positions ¢3.

In a modification illustrated by Figure 5, the
upper ends of the front flap-lowering links e at
the ends of the inboard part ¢ of the flap ¢ d are
pivoted to the wing b at 45. Their lower ends
are pivotally connected at 47 with the inboard
part ¢ of the flap ¢ d near its leading edge. The
upper ends of the rear flap-lowering links f are
pivoted at 48 to one arm 49 of a bell crank lever
49, 59 and their lower ends are pivoted at 51 to the
inboard part ¢ of the flap ¢ d in rear of its
centre of pressure. 'The bell crank lever 49, 50
may be pivoted about the same axis 46 as the
upper ends of the front flap-lowering links e.
The arm 59 of the bell crank lever is connected
with an hydraulic jack 20 or like operating means,
the actuation of which will cause the bell crank
lever 49, 50 to be turned about its pivot 46 to raise
the upper ends of the rear flap-lowering links f
to bring the inboard part ¢ of the flap ¢ 4 to its
“diving” position, ¢3, the positions of other ele-
ments being shown at e3, /3, 493 and 505,

In the foregoing example of the invention



different means are described and illustrated in
Figures 3, 4 and 5 for bringing about the actua-
tion of the inboard and outboard parts of the
flaps ¢ d, but it is apparent that any of these
means may be used for either or both the in-
board and/or outboard parts of the flaps.

The improved construction is such that at all
speeds the advantages of a full span flap are re-
tained, while at slower speeds, as for example
when taking off and landing, when the spoilers
w are not very efficient, the positions of the
aileron flaps d below, and in rear of, the trailing
edge of the wing b give very efficient control of
the aircraft. At cruising speeds the spoilers w
and the aileron flaps d combine for effecting
lateral control. Further, at higher speeds when
the spoilers w are efficient, a very clean wing
may be obtained by housing the flaps ¢ d, each as
a whole. The means for turning the inboard
parts ¢ of the flaps enable very efficient air brakes
to be presented for diving purposes without de-
tracting from the lateral control which can beob-
tained by the aileron flaps d.

We elaim:

1. A full span flap for alrcraft wings, ea;ch of
said wings having a recess formed therein for
housing said flap, said wings being dispcsed on
opposite sides of an aircraift, means for lowering
said flap bodily from said recess to below the level
of sald wing, a separate outboard portion forming
part of said flap and pivotally mounted in rela-
tion to said wing, a spoiler mounted at the upper
surface of said wing, and common control means
for -actuating said spoilers and said outhoard
portions on the opposite sides of the aircraft, said
means acting on said spoilers only, when the flaps
are housed in said recesses, without producing
any movement of said outboard portions, and act-
ing on said spoilers and said outboard portions
concurrently, when said flaps are lowered from
said recesses, the connections of said spoilers and
said outhoard portions with the common control
means being such that when the spoiler at one side
of the aircraft is raised the leading edge of the
outboard portion at the same side is depressed
and the leading edge of the outboard portion at
the other side is raised, but to a smaller extent
than that to which the outboard portion at the
first mentioned side is depressed, said spoiler at
said other side being depressed simultaneously.

2. A full span flap for aircraft wings, each -of
said wings having a recess formed therein for
housing said flap, said wings being disposed on

10

15

20

25

30

35

40

50

8
opposite sides of an a,;rpraﬁ; fuselage, -said flap
ha,vmg an inboard nortion : and a tip or outboard
portion, pivotal relatively to said mboard poxtlon
means for lowering said flap hodily from said
recess o below the level of said wing and means

-for turmng the mboard porthns at the oppos1te

sides of the aircraft -.smnultaneously and in the
same direction al an axis transverse of the
aircraft indep n‘ently of pivotal movement of
the tip or outboard portions, both said means be-
ing operable by a single control lever acting
through alternative control means, one of said al-
ternative confrol means brmglng about the bodily
lowering and raising of the flaps, eachas a whole,
and the other aiternatlve control means bringing
about the turnmg of ‘the inboard portions of the
ﬂaps 1o act as air brakes, an arctiate guide having
a slot within which'said control lever is movable
the slot having at one side notches adapted to re-
ceive said lever when it has been brought to pre-
determined positions ‘corresponding -with prede-
termined posibions of the flaps, each as a whole,
the alternative control imeans -on which the lever
acts when it is moved in said slot bringing about
the lowering and raising -of the flaps; each as a
whole, and-the-slot having at a predetermined
position at its other side -a gate through which
the lever may be displaced laterally and then
moved about its pivotal axis to act on the alter-
native control means-which bring about the turn-
ing of the tip or inboard portiens.of the flaps to
act as air brakes.
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