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57) ABSTRACT 

In an aircraft wing flap extending and retracting as 
sembly, the flap is carried from a pivotal mounting on 
a downward extension of a main bogie that runs in a 
main track fixed to the trailing portion of the wing, 
and is additionally supported, at a position displaced 
in the fore-and-aft direction from the main pivot, by a 
support member that depends from a further pivot on 
the main bogie and carries a runner travelling along a 
incidence control track. Both the main and incidence 
control tracks are above the recess in which the flap is 
housed when retracted, and above the path followed 
by the flap when it extends, so that the flap is not in 
terrupted to allow passage of either track. A tab 
pivoted on the flap is operated by a linkage connec 
tion to the main bogie. 

10 Claims, 13 Drawing Figures 
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AIRCRAFT 

This invention relates to aircraft wing flaps and more 
particularly to means for operating wing flaps to ensure 
the widest range of rearward extension accompanied 
by varying amounts of flap deflection relative to the 
wing section datum. 
Wing flaps are employed primarily to reduce the 

stalling speed of an aircraft of a given weight or to 
reduce the aerodynamic loading on the lifting surfaces 
in a given set of conditions, by two main effects: 

a. by translating the flap rearwards relative to the 
wing, thereby increasing the effective wing area. 

b. by deflection downwards, thereby increasing the 
wing camber and flow circulation. 

Criteria essential to the proper aerodynamic 
behavior of the complete system, are the shapes of the 
flap, the wing rear shroud and the airflow slot which is 
formed as the flap separates from the rear shroud dur 
ing the rearward translation and final stages of deflec 
tion. It is an object of the invention to provide an im 
proved flap control arrangement whereby no substan 
tial change in flap incidence occurs until, say, the last 
30 percent of rearward movement is reached. It is a 
further object to ensure that the airflow slot is conver 
gent to the point at which the air is expelled over the 
flap upper surface, throughout the whole range of flap 
in Oweent. 
According to the present invention, the flap is sup 

ported in its rearward travel by being pivotally 
mounted on a bogie or support running along a main 
track or guide on the wing structure, and separate in 
cidence control of the flap is obtained by turning of the 
flap about its pivotal mounting on the bogie by means 
of a second connection to an incidence control 
member which runs in a separate incidence control 
track or enters an incidence control extension of the 
main running track, the track or tracks being disposed 
substantially wholly above the path of the flap. 
The flap may be formed as two aerofoil elements, the 

rearmost element being hinged on the main flap to pro 
vide a tab action. By interposing a linkage to the prima 
ry control drive, this tab is caused to deflect relatively 
to the main flap, increasing the effective camber of the 
lifting system, and causing a variation in the lift and 
drag for effect during the landing approach and 
touchdown phases. 

In one embodiment, two tracks are disposed one 
above the other, one carrying a travelling bogie which 
supports the flap at a point near to its mid-chord while 
the other track is employed for control of the flap at 
titude (incidence) by means of a rocking lever attached 
to the leading edge region of the flap. In another em 
bodiment, two tracks are again provided one above the 
other. One track carries a travelling bogie which sup 
ports the flap at a point near its leading edge, while the 
other track is employed for control of the flap attitude 
(incidence) by means of a link attached to the flap at a 
point further aft. Alternatively, there may be only a sin 
gle track with varying curvature, carrying a bogie on 
which the flap is mounted near to its leading edge, 
whilst a rocking lever on the bogie is employed for in 
cidence control, this lever also engaging the track at a 
position spaced along it from the bogie. 

Various arrangements in accordance with the inven 
tion will now be described by way of example, with 
reference to the accompanying drawings, in which: 
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2 
FIG. 1 is a half plan of an aircraft wing with a flap 

which can be extended and retracted by means accord 
ing to the present invention, 

FIG. 2 shows one of the flap-extending and retracting 
mechanisms in elevation, with the flap in the retracted 
position, 

FIG. 3 shows the mechanism of FIG. 2 with the flap 
at an intermediate stage in its extension, 

FIG. 4 shows the mechanism of FIG. 2 with the flap 
fully extended, 

FIGS. 5 to 7 show a second embodiment in three 
views corresponding to FIGS. 2 to 4, 

FIGS. 8 to 10 show a third embodiment in three 
views corresponding to FIGS. 2 to 4, and 

FIGS. 11 to 13 show a fourth embodiment in three 
views corresponding to FIGS. 2 to 4. 

FIGS. 1 to 4 show an adaption of a known circular 
arc track system. This known system, if used without 
the modification now proposed, produces a flap motion 
which has the following undesirable characteristics; 

a. Rearward translation of the flap produces a rapid 
increase in flap incidence for only a small increase 
in wing area. 

b. Over the major portion of the total translation, the 
airflow slot which opens up between the wing rear 
shroud and the flap upper surface is very small and 
divergent instead of convergent. 

These disadvantages are overcome in the system shown 
by providing a flap incidence control mechanism which 
functions as now described. 
As shown in plan in FIG. 1, the wing 8 of an aircraft 

has a flap 13 operated by two flap-extending and 
retracting units 10 spaced along the wing. One of these 
flap-extending and retracting units is shown in eleva 
tion in FIGS. 2 to 4. FIG. 2 illustrates the stowed or 
retracted position of the flap in which it is received in a 
recess 34 in the under side of the trailing portion 8A of 
the fixed wing. 

In each unit 10 a bogie 11 is driven by any con 
venient means along a circular-arc track 12. The flap 
13 (or the main section of the flap if a tab 14 is in 
cluded as shown) is pivoted, at its approximate lift 
center, on a rearward extension of the bogie 11 at a 
point 15 some distance below the track 12. The nose of 
the flap 13 is connected by a link 16 to the lower end of 
a depending arm of a rocking lever 17 also pivoted on 
the bogie 11 at a point 18 fairly well forward on the 
bogie and above the track 12. The lever 17 is con 
trolled by an additional incidence-control track 19 
which is above the track 12 and in which runs a roller 
20 on the rear end of an arm of the lever 17 that ex 
tends rearwardly from the pivot point 18. As the bogie 
11 translates rearwards the rocking lever 17 pushes the 
nose of the flap 13 downwards from the normal circu 
lar-arc path thus maintaining a low incidence. This 
deviation from the normal circular-arc motion reaches 
a maximum at about 70 percent of the full travel thus 
allowing a large wing area increase for a small increase 
in incidence (FIG. 3). From this point on, the flap in 
cidence rapidly increases back to the maximum in 
cidence, associated with the basic circular-arc motion, 
at the full travel (FIG. 4). These incidence changes are 
brought about by the control track 19 which has a 
generally cranked configuration, first rising gradually 
and then curving over quite sharply at 21 to descend 
more steeply. These changes in incidence produce con 
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vergent airflow slots of the required size and it is possi 
ble to arrange the two tracks 12 and 19 so that any 
desired combination of slot configuration and flap in 
cidence can be achieved. 
The hinged tab feature included in the system shown 

is provided to reduce the maximum incidence required 
on the main flap for the aircraft approach and landing 
conditions. It comes into operation shortly after the 
main flap has reached the point of maximum deviation 
from the normal circular-arc motion as shown in FIG. 
3 
The tab 14 has a web 22 extending below it and 

pivots about a hinge 23 located at the bottom forward 
region of the web 22 and connecting this web to an arm 
24 projecting rearwardly and downwardly from the 
main flap 13. The tab is deflected with respect to the 
main flap by two fore-and-aft extending pivoted links 
29 pushed rearwards by a lever 25 that is in turn con 

10 

15 

trolled by a reverse-curved rearward extension 26 of 20 
the main track 12. The lever 25 has a pivot 27 on the 
bogie 11, a roller 7 running in the main track 12 im 
mediately behind the bogie 11, and an arm 28 depend 
ing from the pivot 27 with its lower end pivotally con 
nected to the forward end of one of the links 29. This 
link extends rearward for pivotal connection to the for 
ward end of the second link which in turn has its rear 
end pivotally connected to the nose of the tab 14 at 30. 
The point of articulation 31 of the two links 29 is con 
nected by a short downwardly-extending link 32 to a 
pivot point 33 provided at the lower end of a portion of 
the main bogie 11 projecting down below the pivot 15. 
As the tab 14 deflects a convergent slot is opened up 
between the tab 14 and flap 13 thus increasing the air 
flow circulation around both. 
A similar mechanism could be used to operate a sin 

ple plain-hinged tab instead of the slotted variety. It will 
be observed that both tracks 12 and 19 lie entirely 
above the path of the flap and tab which therefore do 
not have to be cut in any way to allow passage of these 
tracks. The portions of the flap-extending and retract 
ing mechanism 0 that project above the trailing por 
tion 8A of the fixed wing are enclosed in a shroud or 
fairing 37. S. 

FIGS. 5 to 7 of the drawings show an adaption of a 
known 'hockey stick' track system which, without the 
modification now proposed, involves cutting through 
the flap at each track unit with a consequent increase in 
weight and reduction in flap efficiency. In the system 
now described this disadvantage is overcome by 
running the normal articulated bogie on two tracks 
both of which are above the line of flap movement, 
which allows the flap to be kept in one piece and gives a 
cleaner airflow over the flap. 
The forward part 54 of the articulated bogie is driven 

in any appropriate manner along a generally straight 
lower track 35 whilst the pivoting rear portion 36 pro 
jects upward to be guided by the hockey stick' type 
upper track 38. The flap 13 (or main flap if a tab 14 is 
included as shown) is hinged near its leading edge at 
the bogie articulation point 39 which is disposed below 
the lower track 35. The flap 13 is also supported 
further aft by a link or links 40 depending from the rear 
portion 36 of the bogie. As the flap translates rearwards 
the incidence is controlled by the upper track 38 inde 
pendently of the lower track 35 which is used to control 
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4 
the size of the airflow slot 41 between the wing trailing 
portion 8A and the flap upper surface. It is possible, 
therefore, to arrange the two tracks 35, 38 so that any 
desired combination of convergent airflow slot and flap 
incidence can be achieved. 
The provision of the hinged tab 14, by reducing the 

incidence required on the main flap 13 for the aircraft 
approach and landing conditions, also reduces the 
amount of curvature required at the rear end of the in 
cidence control track 38 thus allowing the two tracks 
35, 38 to be mounted closer together. 
The tab 14 pivots on the hinge 23 provided low down 

below the trailing portion of the main flap 13 and is 
connected by a long fore-and-aft link. 42 to an anchor 
point 43 on a portion of the forward part 54 of the 
bogie that depends below the main pivot 39. The point 
43 is positioned relative to the main bogie pivot 39 such 
that deflection of the flap 13 automatically produces 
the required rearward movement and deflection of the 
tab 14 and opens up a convergent slot 41 between the 
tab and the flap. 

Again, a similar mechanism could be used to operate 
a simpie plain-hinged tab; and both tracks 35, 38 lie 
wholly above the path of the flap. 

FIGS. 8 to 10 show a simplification of the system of 
FIGS. 5 to 7, for use with a constant chord flap with the 
track units 10 arranged in a plane at right angles to the 
flap hinge line. The system functions in the same 
manner as before except that the rear bogie part 36 is 
now fastened directly to the flap 13, instead of being 
pivoted to the forward bogie part 54 and connected to 
the flap by a link or links. This reduces the number of 
moving parts with a consequent reduction in cost, com 
plication and weight. 

FIGS. 11 to 13 show a further adaption of the basic 
circular-arc track system which overcomes the disad 
vantages of the latter with a single track arrangement, 
as distinct from the arrangement of FIGS. 2 to 4 which 
has two tracks. This reduces the depth of the track unit 
fairing 37 required, with a consequent reduction in 
drag. 
A bogie 44 is driven in any appropriate manner along 

a large radius circular-arc track 45. The radius and 
setting of this track 45 is determined by the flap in 
cidence and position required for the aircraft take-off 
condition, rather than by the aircraft landing condition 
as in the arrangement of FIGS. 2 to 4. The flap 13 (or 
main flap if a tab 14 is included as shown) is hinged at a 
low pivot point 46 near its leading edge on a depending 
portion of the bogie 44 below the track 45, and is sup 
ported further aft by a link or links 47 connected to a 
forwardly and downwardly extending arm of a rocking 
lever 48 pivoted at 49 on the rear end of the bogie 44. 
The lever 48 itself has a portion running like a bogie in 
the track 45 aft of the bogie 44 and is used to control 
the incidence of the main flap 13 after the datum take 
off position (FIG. 12) is reached. For this purpose, a 
more sharply and reverse curved rearward extension 50 
of the circular-arc track 45 is provided such that 
further translation of the bogie 44 past the datum take 
off position causes the lever 48 to enter this reverse 
curved portion 50 of the track and rotate, pushing the 
link(s) 47 downwards with consequent deflection of 
the flap 13 to the desired setting. At all times during the 
translation of the flap the resulting airflow slot 41 
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between the wing rear shroud and the flap upper sur 
face is convergent. 
The hinged tab 14 comes into operation immediately 

the flap 13 translates past the datum take-off position. 
The tab 14 pivots about the hinge 23 provided low at 
the rear of the main flap 13 and is pushed rearwards 
and deflected by a fore-and-aft extending link 51, con 
nected at its forward end to the link 47, during the last 
portion of the travel of the flap. Thus, a convergent slot 
is opened up between the tab and flap, increasing the 
airflow circulation around both. A similar mechanism 
could be used to operate a simple plain hinged tab, as 
before. 
A further feature of this system is that a lift-dumping 

drag-increasing flap/tab position can easily be pro 
vided, if required, to reduce the aircraft landing run. 
This is achieved by adding a small further rearward and 
upward extension 52 to the incidence control portion 
50 of the track 45. A small final movement of the bogie 
44 then produces a small decrease in main flap in 
cidence and a large increase in tab deflection and slot 
width. The effect of this is a reduction in lift/drag ratio 
due mostly to the tab 14 being 'stalled.' 
As before, the track lies entirely above the path of 

the flap. 
What I claim is: 
1. An aircraft wing flap assembly, comprising a wing 

with a trailing portion having a recess in its underside 
shaped to receive a movable wing flap when the flap is 
retracted, a wing flap occupying a position in said 
recess when retracted, means for translating said flap 
between said retracted position and an extended posi 
tion substantially aft of said wing trailing portion, a flap 
support track fixed to said wing trailing portion and ex 
tending generally fore and aft above said recess so that 
the flap when retracted is substantially wholly at a level 
below said flap support track, a bogie mounted to 
travel along said flap support track, flap suspension 
means pivotally suspending said flap from said bogie, 
flap incidence control track means fixed to said wing 
trailing portion and extending aft of said flap when the 
flap is retracted but lying above the path taken by the 
flap as it translates between its retracted and extended 
positions, and an incidence control runner which 
travels along said incidence control track means as said 
flap translates and has a connection to said flap 
whereby said flap is turned about its suspension pivot 
on said flap suspension means during translation of the 
flap thereby to change the flap incidence. 

2. An assembly according to claim 1, wherein the 
flap comprises a main flap section and a separable and 
relatively deflectable tab section, the tab being 
operated automatically as the flap is extended by a link 
age interconnecting the tab and the bogie. 

3. An assembly according to claim 2, wherein two 
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6 
tracks are fixed to the trailing portion of the wing one 
above the other, so that they extend generally fore-and 
aft over said recess in the underside of the wing trailing 
portion in which the flap is received when retracted, 
the lower track guiding the bogie while the upper track 
constitutes the incidence control track means. 

4. An assembly according to claim 3, wherein the 
flap is pivotally mounted, in the region of its center of 
lift, on a rearward and downward extension of the 
bogie, and is additionally supported at its nose by a 38Ec to a SS Ev; BER depends from a Rot 
on the bogie and has a portion carrying said runner that 
travels along the incidence control track. 

5. An assembly according to claim 4, wherein the 
bogie track is substantially part-circular and the in 
cidence control track is cranked and has a portion 
gradually rising in the rearward direction followed by a 
more sharply descending after portion. 

6. An assembly according to claim 4, wherein the 
tab-operating linkage is connected to a second rocking 
lever that depends from a pivot on the bogie and has a 
portion carrying a second runner that travels along the 
bogie track aft of the bogie. 

7. An assembly according to claim 3, wherein the 
flap is pivotally mounted, in the region of its nose, on a 
downward extension of the bogie, and is additionally 
supported further aft by a further bogie section carry 
ing said runner travelling along the incidence control 
track. 

8. An assembly according to claim 7, wherein said 
further bogie section is articulated to the main bogie, 
and the flap is supported by it through the intermediary 
of a swinging depending link. 

9. An assembly according to claim 7, wherein the 
bogie track is substantially straight and the incidence 
control track is of the "hockey stick' type. 

10. An assembly according to claim 2, wherein the 
flap is pivotally mounted, in the region of its nose, on a 
downward extension of the bogie and is additionally 
supported further aft by a swinging link pivotally con 
nected to a rocking lever that extends down from a 
pivot on the bogie and has a portion carrying said 
runner that travels in the bogie track aft of the bogie, 
the track being primarily part-circular but having a 
rearward upturned extension constituting said in 
cidence control track means. 

11. An assembly according to claim 10, wherein the 
tab-operating linkage includes the swinging link. 

12. An assembly according to claim 10, wherein the 
bogie track has an additional extreme aft end portion of 
its upturned extension that serves to bring about lift 
dumping and increased drag by deflection and separa 
tion of the tab to an extent such that the tab enters a "- 
stalled' condition. 


