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The present invention relates to certain im 
provements ‘in airplanes; and the nature and 
objects of the invention will be clearly recognized 
and understood by persons skilled in the aero 

U1 planation and detailed description of the accom 
panying drawings illustrating what I now believe 
to be the preferred embodiments or_ mechanical 
and aerodynamic expressions of my invention 

10 from among various other forms, embodiments, 
designs, combinations, and constructions, of 
which theinvention is capable within the spirit 
and the broad scope thereof. 1 
The invention is speci?cally concerned with 

15 the airfoils or lift surfaces forming the wings 
‘ and/or the control surfaces of an airplane, and 
is directed generally to the reduction of certain 
aerodynamic ine?ciencies' and limitations and 
of certain ?ight hazards that are encountered 

20 as a result of certain design factors and aerody 
, namic characteristics of such wings and- control 
surfaces. 
An airfoil or wing having an airfoil section and 

design characteristics that result in a sudden 
25 loss of lift when the wing attains the stall angles 

of attack, as indicated by the sudden'break and 
relatively sharp drop in the lift curve for such a 
wing, may be generally efficient with a high maxi 
mum lift value, but due to the sudden loss of 

30 and drop in lift at and beyond the stall angles, 
an airplane with .the wing has a tendency to and 
will spin easily. Such tendency to readily go 

. into the spin from stall conditions is a constantly 
present and inherent hazard of a serious char 

35 acter with such wings. 
On the contrary, an airfoil or wing that has 

design characteristics such that the lift curve is 
relatively ?at at and beyond the stall. to indicate 
‘but small and slow lift loss, will not easilyor 

40 readily cause a spin, but such a wing is usually ' 
inemcient with a low maximum lift value, and 
‘therefore generally undesirable, notwithstanding 
the reduction in spin tendencies. ' 
Attempts have been made to design an airfoil 

45 or wing that will retain high ef?ciency with high 
maximum lift value but with reduced spin caus 
ing tendencies, by modifying a‘ high “efficiency 
wing whose lift curve breaks suddenly at the stall 
condition, through sharpening or otherwise al- v 
tering and redesigning the leading edge or nose 
portion of the wing, so as to give the wing a lift 
curve that is ?at at the stall condition and there 
by lessen the danger of the spin with the wing 
stalled. However, while such modi?cation of a 

55 wing will change its characteristics so that its 

nautical art in the light of the following ex-' 

lift curve is ?attened at the stall condition, and 
the hazard of the spin will be reduced at the stall, 
a permanent sacri?ce in lift and a reduction in 
e?iciency of the wing results. ' ' - 

It is a general object and a. feature of my in- 5 
vention to provide for the modi?cation during 
?ight of a normally e?icient, airfoil or wing hav-v 
ing a. normally high maximum lift value, when the 
wing is under ?ight conditions leading to the spin 
in order to temporarily change the wing, charac- 1o 
teristi'cs to reduce the tendency of the wing to 
cause a spin, and for the restoration of the wing 
to its normal characteristics upon removal of the 
spin inducing ?ight conditions, so that, the nor 
mal e?iciency and lift of the wing is retained and 15 
permanent loss in maximum lift of- the wing is 
avoided during normal ?ight conditions, without 
such modi?cation. V , . ' 

' A further object of the invention is to provide 
‘for controllably modifying'the leading edge or 20 
nose of an airfoil or wing during ?ight, and par 
ticularly with the wing at high angle of attack 
?ight approaching the stall condition in order to 
at will modify the airfoil or wing characteristics 
to those that will give the wing a lift curve that 25 
is ?attened at its peak, so as to reduce the hazards 
of the spin with the wing at stall ?ight condi 
tion, as well as changing the wing characteristics 
by such modi?cation for other‘ purposes and re- - 
sults, such as control. 7 ' 30 
Another object of the invention is to provide 

for the modi?cation of the characteristics of an 
airfoil or wing, through the medium of a nose or 
leading edge member or members projectable and’ 
retractable by the‘pilot to change and vary or 35 
modify the shape and contour of the nose or 
leading edge portion of the airfoil or wing; and 
further, to provide such a nose or leading edge 
member that is projectable and retractable under 
the control‘of the pilot for the purpose of break- 40 
ing up and removing ice that may form on the 
airfoil or wing leading edge._ ' 
The invention is further characterized by and 

holds as another general object, the application 
of the broad principles of the modi?cation in 45 
?ight of the characteristicsof an' airfoil or wing 
for- the purposes hereinbefore expressed, to air 
foils or wings generally of the'so-called high or 
variable lift types; and especially, to wings of 50 

- such types that include air displacement slots or 
passageways, by the control of the air displace 

, ment through such a slot or passageway to modify 
the wing characteristics'so as to give the wing 
a lift curve ?attened at the peak. , 55 
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Another important object and feature of my 
invention, is the operative association of the 
means or medium for modifying the airfoil .or 
wing of an airplane, with the pilot actuated lon 
gitudinal or elevator control therefor, in such a 
manner as to result in wing modi?cation as the 
longitudinal control approaches the position for 
stall condition of the wing; and further in de 
tachably associating the wing modifying means 
with the control, so that such means may be re 
leased from the control at will, with the modify 
ing means either remaining in its position at the 
time of disengagement, or returning to its nor 
mal inactive or neutral position, as may be de 
sired. 
With the above general objects, features and re-‘ 

sults in view, as well as certain others not speci? 
cally referred to but which will be readily recog 
nized and apparent from the following explana 
tion, my invention consists in certain novel fea 
tures in design and in combination and construc 
tion of elements, all as will be more particularly 
referred to and speci?ed in detail hereinafter. 

Referring to the accompanying drawings:— 
Fig. 1 is a view in front elevation, somewhat 

schematic, of a portion of the fuselage and oppo 
site wings of an airplane, in which the wings em 
body a projectable and retractible nose member 
for changing the shape or contour of the nose 
or leading edge of the wings, portions of the pilot 
controlled mechanism for operating such mem 
bers being more or less diagrammatically shown. 

Fig. 2 is a View, more or less schematic, in side 
elevation of the pilot control mechanism and the 
wing nose member actuating mechanism asso 
ciated therewith, and showing the wing in outline 
with the projectable nose member and its mount 
ing in the wing in vertical section, the nose mem 
ber being shown by dotted outline in its projected 
position. 

Fig. 3 is a detail transverse vertical section 
through the projectable nose member and its 
mounting, of Fig. 2, with-the projected position 
of the member indicated by dotted lines. 

Fig. 4 is a detail perspective view of the guide 
crank on the nose member shaft, together with 
the lock for releasably engaging the guide crank 
to the nose member shaft. 

Fig. 5 is a detail view in side elevation of a sup 
port bearing for the nose member shaft, and its 
mounting in the wing, the shaft being shown in 
cross section. 

Fig. 6 is a more or less diagrammatic view in 
side elevation of thepilot operated control for 
projecting and retracting a nose member inde 
pendently of the pilot control mechanism opera— 
tion of the member, for the purpose of breaking 
up ice formation on the leading edge of the wing. 

Fig._ '7 is a graph showing the wing lift curves 
for the wing of Figs. 1 and 2, with the nose mem 
ber in normal retracted position, and in project 
ed. position. ~ - 

Fig. 8‘ is a more or less diagrammatic view in 
side elevation of the pilot controlled mechanism 
for opening and closing the inlet vane of the air 
displacement passage of a ‘variable lift wing, a 
portion of the wing with the passage inlet vane 
and fuselage structure being shown in outline 
with the vane open position indicated in dotted 
lines. 

Fig. 9 is a somewhat schematic view in per 
spective of the mechanism of Fig. 8 in relation to 
the fuselage and opposite wing vanes of an air 
plane, the airplane fuselage, wings and wing _ 

2,037,626 
vanes being partially shown and indicated die 
grammatically in partial outline. , 

Fig. 10 is a graph showing the wing lift curves 
for a wing of Figs. 8 and 9 with the wing vane 
closed and with the vane in open position for air 
displacement through the wing passage. 
‘In one possible embodiment expressing aero 
dynamically and mechanically the broad prin 
ciples and a basic feature of my invention, by 
which the performance characteristics of an air 
foil or wing are changed and modi?ed by the pilot 
in ?ight to those characteristics that will give 
the wing a lift curve?attened at the peak or stall 
condition, I have provided for varying or modi 
fying the shape or contour of the nose or leading 
edge portion of an airfoil or wing as the stall 
condition is approached in order to attain such 
wing characteristic modi?cation. Such embodi 
ment by which modi?cation or change in wing 
nose or leading edge shape and contour is ob 
tained, is broadly adapted generally to various 
types of wings both of the conventional forms 
having ?xed‘ performance characteristics, and to 
the various forms of the so-called variable or 
high lift wings, but in the particular example of 
such embodiment illustrated in Figs. 1 to 7 of 
the accompanying drawings, I have selected a 
conventional type of wing and have embodied 
this feature of my invention therein. 
For instance, I have selected in the present ex 

ample for purposes of explanation, referring now 
to Fig. 1 of the drawings in particular, an air 
plane that includes the usual or other desired 
body or fuselage B and the opposite wings W ex 
tending therefrom and which may be taken as 
forming a low wing monoplane, or as the lower 
wings of a biplane or multiplane wing cellule, 
although it is to be understood that no particular 
wing arrangement is essential to the feature of 
my invention now under discussion. The wings 
W may be of the conventional or other suitable 
or desired construction to provide wings of the 
?xed or constant performance characteristics 
type, and are preferably of a design and airfoil 
section having a relatively high efficiency and a 
high maximum lift value, with a lift curve that 
corresponds to the lift curve a of Fig. 7, that 
breaks suddenly at its peak b and drops sharply 
at the stall condition. ‘ 
In carrying out the invention, I provide a 
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member It] in the nose or leading edge portion 
of each‘ wing W disposed longitudinally thereof 
and mounted for projection from and .retraction 
to a normal position in the wing carrying out and 
de?ning the normal shape and contour of the 
nose or leading edge as a part of the normal air 
foil section of the wing that has the lift curve 
a of Fig. 7. In projected position the member 
ill of a wing so changes or modi?es the shape and 
contour of the leading edge or nose of the wing 
as to change the performance characteristics of 
the wing to modify the lift curve thereof as will 
be more fully explained hereinafter. 
The projectable nose or leading edge member 

ill for a wing can be'mounted in or on a wing 
in a variety of ways, but I have illustrated as 
an example in Figs. 2, 3, and 5, of the drawings, 
one possible e?icient and practical mounting 
which requires a minimum of structure and calls 
for ‘a minimum of structural reorganization and 
modi?cation in the construction of a wing. In 
such mounting, a channel member I l is provided 
in the nose or leading edge portion of a wing W, 
and extends longitudinally therealong with its 
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forward open side opening through the nose of 
the wing. Such a channel I I may, as in the ex 
ample hereof, have its lower side ?ange Ila, at 
or forming a portion of the lowerv or under skin 
of the wing nose, and its upper side wall or flange 
bent or extended downwardly over ‘the open side 
of the channel to form‘the wall I lb at or forming 
a portion of the wing nose. (See Figs. 3and 5). 
By this channel formation and mounting, a slot 
or ‘opening is formed longitudinally‘ of and 
through the nose of the wing between channel 
?anges Na and I I b, to receive and through 
which the wing nose member’ II! .when mounted 
in the channel I I, can be projected. 
The nose member III of a wing is mounted on 

. and carried by a shaft I2 within the channel II, 
which shaft is suitably rotatably supported in the 
channel for rocking to project and retract mem 
ber III. For instance, I have shown shaft I2 as 
of tubular form and mounted in and extended 
longitudinally of the wing nose channel II, in 
suitable bearings I4 in which the shaft is jour 
naled for rotation. Such a shaft bearing I 4 is 
shown in Fig. 5- of the drawings in particular, 
and is suitably ?xed, in the present example, to 
the bottom or base wall of the channel II, as by 
bolts, rivets or other fastening means Ma. Any 
required number of the bearings l4 for a shaft I2 

, can be provided at suitably spaced intervals in 
30 
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and along a channel II. The shaft I2, in its 
bearings, is so located and positioned within the 
channel II, as to lie partly beneath and covered 
by the channel wall Ilb, with the adjacent edge 
of wall II b" forming substantially a running ?t 
therewith, or at least in such close proximity 
thereto as to substantially close the channel 
along the edge of ?ange “b. The lower portion 
of the shaft‘is thus disposed extended beyond 
and below channel ?ange or wall I I b at the open 
ing through the nose of the wing W. - 
The nose or leading edge member I!) takes 

the form in the example here given, of a strip of 
wood-or other suitable or desired material that 
is ?tted along one edge, its upper edge, to the 
shaft I2, and‘ is suitably secured and ?xed to 
the shaft for movement therewith as the shaft 
is rocked, by the rivets, bolts or the like In, as 
shown in Fig. 3 of the drawings. The nose mem 
ber III extends along the shaft for the length or 
span of the wing nose opening or slot as de?ned 

' by the channel I I, and may be suitably cut away 
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or slotted at and around the shaft bearings I4 
for operating clearance, as indicated in Fig. 5 
of the drawings. The size and dimensions of 
the nose members III are such that when in nor 
mal retracted position, the member substantially 
?lls and occupiesthe space within the channel 
II below the shaft I2, to close the opening or slot 
in the wing, with the forward outer side’ Ina 
thereof forming a portion of and carrying out 
the normal contour or upper covering of the 
wing nose. The lower or under side or edgel?b 
of the nose member III, in normal retracted 
position may extend a slight distance outwardly I 
beyond the lower channel flange I la in continua 
tion of the wing under surface and'in effect de 
?ning the normal shape and contour of the wing 
leading edge, as. will be clear by reference to 
Figs. 2, 3, and 5, of the drawings 

Preferably, the leading edge or nose member 
' ID has sliding and frictional engagement with 
the lower or under side ?ange or wall Ila of 
channel I I, so that there is a sliding fit between 
such‘ flange and the lower or under side face Illb 
of the nose member I0. If desired, as shown in 

3 
the example hereof, in Figs. 2 and 3, of the 
drawings, the outer side Ilia and the under side 
lob of the nose member may. be covered with 
a suitable resilient material I5, such as rubber 
or the like, in order to prevent the entry ‘of dirt, 
water, and other foreign matter into the channel 
II, and also to give a desired frictional engage 
ment between under wall "lb of member III and 
?ange Ila of the channel thatwill retain the 
nose member in an adjusted position. 
The contour and shape of the nose member II 

for a wing W, is such that with the member in 
its normal retracted position, a nose or leading 
edge portion for the normal wing section and 
contour is presented, that will give the wing per 
formance characteristics with a wing lift curve 
corresponding to curve a-—_b, of Fig. 7; while with 
the nose member III in its projected position as 

I indicated by dotted lines in Figs. 2 and 3, the 
shape and contour of the nose or leading edge ‘ 
portion of the wing is changed to so modify the 
wing performance characteristics as to result in 
a lift curvecorresponding to the lift curve a—-c, 
of Fig. 7. By rocking shaft I2, the nose member 
I0 is projected and retracted to change the shape 
of the wing nose and thereby modify the airfoil 
section andcontour of the wing and consequently 
the wing performance characteristics. With‘ the 
wing W given as the example hereof, the normal 
and retracted position of the nose member ID pre 
sents the wing as of high ef?ciency with high 

10 

30 

maximum lift value but with the lift curve a—b, ' 
breaking suddenly atthe peak or stall condi-‘ 
tion of the wing, so that the wing has a strong 
spinning tendency as a characteristic at and be 
yond the stall. 
An airplane, such as indicated in Fig. 1 as 

equipped with wing or wings W having the nose 
modifying members I0 and the characteristics 
above outlined, will‘ with the normal sections 

_ (members I0 retracted) spin easily under stall 
conditions,‘ but such spinning characteristics can 
be materially reduced and the hazard lessened by 
projecting the nose members I Was the airplane 
approaches the wing stalled condition, so that the 
wings W are modi?ed to give lift curves corre— 
sponding to curve a-c of Fig. ‘7, having the ?at 
tened peak for the stall condition, and-then main 
taining such modi?ed characteristics at and be 
yond the stall. 
In the adaptation of the wing nose modi?cation 

form of my invention to an airplane, my inven 
tion includes as a further feature, the operation 
of the nose members II! from and in accordance 
with the pilot actuation of the pilot’s control for 
the airplane; _ For instance, referring now to 
Figs. 1 and 2 of the drawings, the operating shaft 
vI2 for the nose members II) of opposite wings W, 
is continuous and extends as a single shaft across 
and through the airplane body or fuselage B, from 
wing to wing. A usual or other desired pilot’s 
control mechanism for the airplane, includes. 
referring here to Fig. 2 of the drawings, a control 
stick S pivotally mounted at the forward end of 
a torque'tube I6‘ for fore and after movement 
independently of such tube, and for lateral 
swinging to rock or rotate tube IS in a bearing 
or bearings I1 ?xed in the fuselage. The torque 
tube I6 connects through suitable mechanism 
(not shown) with the usual lateral control sur 
faces or ailerons (not shown) for actuation in 
the conventional manner by lateral swinging of 
the control stick S. A- push-pull tube I8 that 
connects with the usual longitudinal control or 
elevator (not shown) of the airplane, is coupled 
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at its forward end by the universal joint | 9 to the 
pivotally mounted ring or yoke 20 on the control 
stlck'S above the connection of the stick with 
torque tube l6. Fore and aft swinging of stick S 
actuates the push-pull tube | 8 in the usual or 
conventional manner to swing the elevator for 
the airplane upwardly as the stick S is pulled 
rearwardly and to swing the elevator downwardly . 
as the stick is moved forwardly. As such opera 
tion is purely conventional and,well known in the 
art, it is not deemed essential to illustrate the 
elevator in operative connection with tube l8 and 
control stick S. . 

As one possible manner of carrying out the 
operable connection of the wing nose members 
ID with the pilot’s control mechanism for cooper 
ative functioning in accordance with the inven 
tion, I provide a guide crank 2| on the nose mem 
ber shaft |2 at a point thereon intermediate the 
shaft section in the fuselage B and substantially 
in fore and aft alinement with the control stick S. 
This guide crank, referring here particularly to 
Figs. 2 and 4, embodies a hub portion 22 rotatably 
mounted on shaft l2, and the vertically disposed 
forwardly extended guide plate 23 having the 
curved slot 24 formed therein. The hub 22 of 
guide crank 2| is mounted on the shaft l2, in the 
present instance, con?ned between suitable ?xed 
collars or opposite shaft bearing members 25 (see 
Fig. 4) to maintain the guide crank in proper 
position on the shaft against displacement axially 
thereof. Extending rearwardly from hub 22 and 
carried thereby is a tubular casing 26, through 
which a locking pin 21 slidably extends. The 
channel II is cut away for a suitable distance 
around rearwardly extending casing 26 to per‘ 
mit vertical swinging of the casing as the shaft |2 
is rocked, as shown by Fig. 2 of the drawings. 
A coil spring 28, as shown in Fig. 2, is confined in 
casing 26 around pin 21. and continuously acts to 
force this locking pin, 21 inwardly into engage 
ment with the shaft l2. A suitably positioned 
bore, or bores, is formed through the wall of shaft 
| 2 to receive and through which pin 21 may ex-‘ 
tend under the action of spring 28 to releasably 
lock hub 22 and guide crank 2| to the shaft, as 
will be clear from Fig. 2, in which pin 21 is in 
position locking guide crank 2| to the shaft l2. 
By drawing pin 21 outwardly of casing 26 against 
spring 28, the pin is withdrawn from a shaft bore 
to release the guide crank 2| for rotation of shaft 
l2, independently thereof. 
For operating locking pin 21 to release and 

lock guide crank 2| from and to shaft I2, I pro 
' vide a manual control for the pilot, that includes 
a ?exible cable 30 secured at one end to a fork 23 
at the rear or outer end of locking pin 21, and 
which extends rearwardly and downwardly 
around a guide pulley 3|, referring here to Fig. 2 
of the drawings. Flexible cable 30 then extends 
upwardly from pulley 3| to a suitable location in 
the fuselage or body of the airplane convenient 
to the pilot, such as on the dash or instrument 
board indicated at D, where the cable is con 
nected to the‘ end of a T-handle 32 mounted slid 
ably on or through dash D. This T-handle 32 
in its maximum downward or inward position on 
dash D releases locking pin -21 for‘ projection by 
spring 28 into locking engagement extended 
through a bore of shaft | 2 and releasably securing 
the guide crank 2| to the shaft, as shown in Fig. 2. 
By pulling or drawing handle 32 upwardly or 
outwardly of dash D a suf?cient distance, the 
locking pin 21 is withdrawn, by ?exible cable 33, 
from looking engagement with shaft 92 to release 
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guide crank 2| for rotation. of the shaft inde 
pendently thereof. 
The T-handle is provided with a notch 32a 

for engaging over the dash when the handle is 
withdrawn to its locking pin releasing position, 
and a ?at spring or the equivalent 32b continu: 
ously bears upon handle 32, so as to force notch 
32a into dash D engagement when the handle 
reaches its locking pin releasing position. Thus, 
with the handle notch 32a engaging dash D and 
held by spring 32b, the locking pin 21 is main 
tained disengaged from shaft |2 to release guide 
crank 2| from the shaft, until the handle is re 
leased by the operator. ’ 
The wing nose members I0 are placed in opera 

tive association with the pilot's control for actu 
ation by fore and aft movements of the control 
stick S by the pilot in longitudinally controlling 
the airplane, through the medium of the guide 
crank 2| mounted on the nose member shaft | 2. 
As an example of- such operative association to 
carry out this feature of my invention, I provide 
a crank 33, referring to Figs. 1 and 2, swingably 
mounted on a suitable horizontal ?xed axis formed 
by a pin or shaft 34 ?xed to suitable body or 
fuselage structure (not speci?cally shown) above 
and transversely of crank guide 2|. This crank 
33 depends from and is swingable on its axis 34 
in a fore and aft direction in substantially the 
vertical plane of guide crank 2|, and has its lower 
free end provided with a roller 35 that is movably 
received and ?tted in the curved slot 24 of crank 
guide plate 23. The depending crank 33 is oper 
atively coupled with the pilot's control stick S by 
the link 36 that is connected at its forward end . 
to crank 33 by the universal coupling 36m, and at 
its opposite or rear end to the stick carried ring 
or yoke 20, by the ball and socket coupling 36b. 
Thus, as control stick S is swung fore and aft for 
longitudinal control, the crank 33 is correspond 
ingly swung to move theroller 35 longitudinally 
of crank guide 2| in the curved slot 24. 
With the' control stick S in its neutral longi 

tudinal control position and the wing nose mem 
bers ID in their normal retracted positions, all 
as shown in Fig. 2 of the drawings, the crank 33 
is in a vertical position with its lower end carry 
ing roller 35 disposed intermediate the fore and 
aft length of. slot 24 of the guide crank 2|'. The 
guide crank slot 24 is so formed and designed, 
in the instant example that the major length 
thereof from its forward end rearwardly to ap 
proximately the point indicated at 24a is on‘a 
curve de?ned by an arc concentric with the cen 
ter of crank bearing or axis 34, as will be clear 
from Fig. 2, while the slot 24 from the point 24a 
rearwardly abruptly changes direction upwardly 
and is more sharply curved and non-concentric 
with the center of crank 33 axis 34. Now, as 
sume the guide crank 2| locked to shaft I2 by 
the locking pin 21, and the several elements in 
the relative positions of Fig. 2. Forward longi 
tudinal control movement of stick S-from neutral 
position (downward elevator movement) will, 
through link 33, swing crank 33 forwardly, but 
as the guide slot 24 forwardly is concentric with 
crank axis 34, the roller 35 on crank 33 will move 
forwardly in the slot without rocking or swinging 
the guide crank 2| to rock the shaft 12. 
Rearward longitudinal control movement of 

stick S from neutral position (upward elevator 
movement) will swing crank ,33 rearwardly and 
move its end mounted roller 35 rearwardly 
through slot 263. As the slot 251 is concentric with 
crank axis 33 rearwardly from crank 33 neutral 
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position to-point 21a, no movement of guide crank 
2| will result during the corresponding rearward 

, movement of stick S and crank 33, but when this 
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rearward movement is continued and roller 35 
enters the sharply upwardly curved portion of 
slot 2i rearwardly of point 24a, then the rear 
ward moving crank 33 and roller 35 will engage 
the slot walls to force the rear portion of guide 
plate 23 downwardly and rearwardly to rock the 
guide crank 2| upwardly and rotate the shaft l2 
to swing and simultaneously project the oppo 
site wing nose members III outwardly to their 
wing nose modifying positions as indicated by 
dotted lines in Figs. 2 and 3. .Forward move 
ment of the control stick S back to neutral will, 
through roller 35 in slot 24, return guide crank 2| ‘ 
to its normal position and rotate shaft l2 to 
swing vring nose members III inwardly totheir 
normal retracted positions. 
In the arrangement here presented, the curved 

portions of the guide slot 24 are so formed and 
designed that there is no movement of ‘and wing 
nose modi?cation by nose members III during 
?ight conditions that correspond to forward move 
ments of control stick S from neutral. Similarly, 
during ?ight conditions corresponding to rear 
ward movement of control stick S from neutral, 
up to point 24a in slot 24 of the guide crank2l, 
there is no movement of nose or leading edge ‘ 
members In from theirnormalrre'tracted posi 
tions in the wings W. This point 23a in the slot 
23 of the guide crank 21 corresponds to a rear 
ward control stick movement that through actu 
ation of the longitudinal control (elevator) ,' de 
velopes a condition of ?ight for the airplane ap 
proaching the stall. Such ?ight condition may 
be generally represented as between the points 
if and b on the normal lift curve for a wing W, of 
Fig.‘ '1. Thus, further rearward movement of 
control stick S with rearward swinging of crank 
33, engages roller 35_with ‘the abruptly changing 
curvature of slot 2t, rearwardly from point 23a, 
and results in a rapid rotation of shaft l2 to 
quickly simultaneously project the opposite wing 
nose or leadingr edge members to their extended' 
and wing characteristic modifying positions. 
The projected or extended position of the lead 

ing edge or nose member III of a wing W, modi?es 
the shape and contour of the wing nose or lead 
ing edge portion and changes the ?ow of air about 
the wing to vary the wing performance charac 
t‘eristics to those that will give a lift curve having 
the ?attened peak 0 ,as represented in Fig. '1. 
Such ?attening‘ of the wing curve means that the 
normal force curve is ?attened so that the air 
plane during a spin will have the forces acting on 
the tips of the opposite wings W more nearly in 
balance and that thereby the violence of the spin 
is reduced and recovery from the spin is facili 
tated. The projection of the leading edge N or 
wing nosemembers Ill under ?ight conditions rep 
resented by the point if on the lift curve of Fig. 7, 
avoids the break in the lift curve a—b, and ma— 
terially ‘lessens the tendency of .the airplane to 
enter the spin, although delay projection of mem 
bers II! to modify the wing will permit attainment 
of approximately maximum lift to allow slowerv 
speed of ?ight.- Even though delayed nose or 
leading edge member projection may cause a 
break in the lift curve, the wing characteristics 
will have been changed thereby from those of 
vcurve H,‘ to those of curve a-d-c, which is 
?atter and which condition becomes the measure 
of the spin with the improved conditions as'rer 
ferred to above. ' i ‘ ' 

5 
, With the foregoing arrangement and operative 

relationship between the leading edge or nose 
members In and the pilot’s control of the air 
plane, the projection of. the leading edge mem 
bers takesplace by the movement of the longi 
tudinal control to place the airplane in the ?ight 
condition approaching the stall, as may be pre 
determined by the shape and curvature of the 
guide crank slot 24, and upon movement of the ‘ 
longitudinal control to bring the airplane from 

_ the ?ight condition of or approaching stall, the 
leading edge or nose members l0 are retracted to 
restore the normal airfoil section and contour to 
the wings. Thus, under such an arrangement 
the actuation of the leading edge modifying mem 
bers may be said to be automatic and not de 
pendent upon the initiative. or judgment of the 

10 

15 

pilot, but only upon the ?ight condition that the , 
pilot imposes upon the airplane by the longitu 
dinal control. It thus becomes possible to utilize 
a wing of high e?iciency with maximum lift value 
but having a sharply‘ breaking lift curve at the 
stall condition with the resultant spin tendency, 
throughout the ?ight range up to the stall, and 
then automatically upon approach to the stall to 
modify the wing characteristics to those with 
which the spin tendency is materially reduced. 
Similarly, and automatically, upon leaving the 
stall condition of ?ight, the wing is restored to its 
normal performance characteristics and perform 
ance efficiency. ' ‘ 

I By varying the shape or curvatures of the 
guide crank slot 24, or the characteristics of an 
equivalent element, the leading ‘edge or nose 
modifying members can be projected and re 
tracted at any desired points in the ?ight range 
as_ may be desired. For instance, it may be found 
desirable to modify the shape of a wing nose or. 
leading edge at low angles of attack tovincrease 
airplane ?ight speed, or to vary orlchange other 
performance characteristics, and my invention 
is not limited in any way in its generic phases to 
the arrangement and functioning of the given 
example, or to the particular form of the leading 
edge members and the contour or shape changes 
that they may make in the wing leading edge 
portion or nose, or to the particular ?ight condi 
tion that they may be designed to change vor 
modify. ‘ 

The operation of the leading edge or nose modi 
fying members I 0 by the pilot’s control stick S 
in the normal actuation of such stick for airplane 
control, can be discontinued at will by the pilot, 
through withdrawal of locking pin 21, from en- ' 
gagement with shaft l2, by the handle 32. Such 
-withdrawal of pin 21 ‘disconnects the guide 
crank 2| from operating shaft 12, and the con 
trol stick S is then actuated without imparting 
rotation to shaft ‘l2, the guide crank 2| merely 
freely rotating on and independently of shaft I2. 
When disconnected'from the leading edge mem 
bers Hi, the pilot’s ‘control is operable without 
wing modi?cation throughout the ?ight range. 
Due to the frictional engagement, and inthe ex 
ample hereof, the resilient covering l5, on a lead‘ 
ing edge member Ill, such a leading edge mem 
ber can be moved to an adjusted position and 
when disconnected from the pilot’s control will 
normally remain in such position throughout the 
?ight range. ’ It is thusl‘possible for the pilot to 
set or adjust a leading edge member in ?ight by 
moving it to the adjusted position by the pilot's 
control‘ and then disconnecting guide crank-2| 
fromv shaft 12 by withdrawing locking pin 21. 
The ‘leading edge member or members III may 
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6 
then be re-engaged with the pilot’s control by 
releasing pin 21 and letting spring 28 force the 
pin into the bore in shaft |2 when the guide crank 
2| is rotated by control stick S to align pin 21 
with the shaft bores. Any desired number of 
pin 21 receiving bores may be provided in and 
spaced at desired intervals around shaft l2 for 
engagement by the locking pin to obtain any 
desired adjustment of the control stick S and 
guide crank 2| in relation to shaft |2 and the 
position of a leading edge member l0. 
As a further feature of this form of my inven 

tion provision for utilizing the leading edge or , 
nose member I0 of a wing for breaking up ice 
formation on the leading edge of a wing, is made. - 
I prefer to provide a separate means under the 
control of the pilot for projecting and retracting 
a‘ leading edge member If) for this purpose, al 
though the longitudinal control would su?ice. 
For example, with the arrangement of Fig. 1, I 
mount a crank or horn 4!], referring to Fig. 6 in 
connection with Fig. 1, on the shaft l2 within the 
body B, and then mount an operating handle or. 
lever 4| at a suitable location in the body B for 
convenient manual actuation by the pilot. The 
handle 4| cooperates with a locking quadrant 42 
by which it may be held releasably in any position 
to which swung in the conventional manner. 
The crank 40 on. shaft I2 is operatively connected 
with handle lever 4| by suitable linkage, such‘as 
the link 43 of Fig. 6. Thus, rocking or swinging 
the handle lever 4| by the pilot, whe'n guide crank 
2| is disconnected from shaft l2, will through 
link 43 and crank 40, rock shaft l2 and project 
and retract the leading edge members ID to break 
up and remove ice'forma-tions on the wing lead 
ing edges. Attention is further directed to the 
use ‘of the handle lever 4| to move the leading 
edge members to and maintain them in any de 
sired adjusted positions. ‘ , 

A leading edge or nose member H] for a wing 
may extend for the full span of a wing or for 
any part of the span and any desired number of 
such members can be provided along the span 
of one or more wings, with suitable interconnect 
ing means. Such a modifying member or mem 
bers, may be located in the leading edge of a usual 
horizontal stabilizer of the longitudinal control 
surfaces and connected with the pilot's control 
mechanism, for balance vor stability purposes; 
such a surface being broadly equivalent to a wing 
within the disclosure of my invention. 
The broad principles of wing performance 

characteristic modi?cation by and in accordance 
with the flight condition imposed upon an air 
plane by the pilot througlrthe actuation of the 
longitudinal control, asexempli?ed basically by 
the arrangements disclosed in Figs. 1 to ‘7 and 
hereinbefore described, are also applicable to the 
so-called high or variable lift wings that embody 
an air displacement passage .controlled by a; vane, 
?ap or the like. An application of the principles 
of the invention to such type wing is disclosed in 
Figs-8 and '9, in which a wing W’ has been se 
lected as an example. The wing W' is of the type 
having an air displacement passage P (see Fig. 8) 
extending rearwardly therethrough, with the for 
ward inlet end of passage P formed through the 
under surface of the wing and controlled by the 
vertically swinging vane or ?ap member V. Such 
type'of high or variable lift wing is disclosed in 
my U. S. Patents numbered 1,559,091; 1,875,593; 
and 1,916,475, to which reference may be had for 
an explanation of the design, construction and 
functioning of the type, although it is to be clear 

2,087,626 
ly understood that my invention is not limited in 
its application to this particular type and con 
struction of variable lift wing. 
The air passaged wing W' has the vane V 

mounted within the wing at the inlet end of pas 
sage P, on a horizontal shaft 45 that extends 
spanwise through the wing along the forward 
edge or side of .the passage inlet through the 
under surface of the wing. The shaft is suitably 
mounted and supported in ?xed bearings for ro 
tation to vertically swing the vane that extends 
rearwardly therefrom across the inlet opening, to 
and from position closing such opening. The 
closed position of a vane V is shown by full lines 
in Fig. 8 and in passage inlet opening position by 
dotted lines. The vane can be automatically or 
manually swung to open and close the passage 
and control air displacement, all as explained in 
my above referred to U. S. patents, for the pur 
pose of varying the lift developed by the wing W’. 
In the example of Figs. 8 and 9, I have more or 

less diagrammatically shown portions of an air 
plane that includes the ,usual body or fuselage B 
and the opposite wings W’ extending therefrom. 
The vane shaft 45 for the wings W’ is shown in 
this instance as a continuous shaft extending be 
tween the opposite wings W’ and transversely 
across and through the airplane body B, in which 
suitable bearings 45a may be provided in which 
the shaft 45 is journaled, as will be clear by ref-_ 
erence to Fig. 9 in particular. The opposite wing 
vanes V are thus simultaneously swinging with 
shaft 45 in the functioning thereof to control 
displacement of air into and'through passage P. 
The airplane includes as mounted in the usual 

manner within the body or fuselage B, the pilot 
actuated control mechanism which may be of the 
‘more or less conventional type to include the 
pilot's control member or stick S that is swing 
able laterally for lateral control and fore and aft 
for longitudinal control, of the airplane. Such 
control mechanism includes the transversely dis 
posed torque tube 46 suitably journaled in ?xed 
horizontal position for rotation by the control 
stick S that is pivotally mounted thereon and ex 
tends upwardly therefrom. The control stick S 
is swingable laterally of the fuselage on tube 46 
independently thereof, and is swingable in a fore 
and aft direction to rock or rotate torque tube 
46. The control stick S has a depending arm 41 
that is, connected to the lateral control surfaces 
or ailerons (not shown) of the airplane, while the 
torque tube 46 has an arm or crank 48 depend 
ing therefrom adjacent one end thereof, which is 
connected at its lower end to a rearwardly ex 
tending push-pull tube 49 leading to the longi 

, tudinal control surface or elevator (not shown) 
for the airplane. 

' Following the broad principles of my invention 
as exempli?ed in connection with Figs. 1 to '7, the 
wing passage controlling vanes V are operatively 
associated with the pilot's control mechanism for 
functioning by certain longitudinal control actu 
ating movements of the control stick S. In car 
rying out this association in the particular ex 
ample here presented, a collar ?tting 50 is ?xed 
on and around the tube shaft 45 within body B 
in substantial forward alinement with the. torque 
tube crank 48, and a tube or casing 5| is provided 
that extends diametrically through shaft 45 and 
the, opposite forward and rear sides of collar 
5|]. A locking pin 52‘is freely slidab'ly mounted 
in and extending through casing 5| and at its 
rear outer end is provided with a. nut 53 that. 
forms an adjustable stop limiting forward move 
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ment of the pin. At the forward side of and ‘ 
spaced a distance from collar ?tting 50-on shaft 
45, a bracket or plate member 54 is mounted in 
?xed position on suitable body or fuselage struc 
ture B, and is‘provided with a suitable bore‘ or 
opening in its forward vertical wall alined with 
and for removabl'y receiving the forward end of 
pin 52, as clearly shown in Fig. 8 of the drawings. 
The relative arrangementof vanes -V, shaft 45 and 
pin 52 is suchthat with the vanes V in closed, 
downwardly swung position, the pin 52 is alined 
with the bracket 54 bore, and with the pin for 
wardly extended into the bracket bore, the shaft 
45 and ‘vanes V are releasably locked in passage 
inlet closing position (see Fig. 8). ‘ - 
An operating crank 55 is provided for the lock— 

ing pin 52, and is pivotally mounted on a hori 
zontal bearing 58 at the upper forward side of 
collar ?tting 50, and intermediate the ends of the 
crank 55, so that the crank extends forwardly 
and downwardly to and is forked over pin 52 
to which it is pivotally connected by end slots 
?tted loosely over a transverse pin 51 on the 
sliding locking pin 52. (See Fig. 8.) The oppo 
site or rear end of crank 55 extends rearwardly 
and upwardly above shaft 45 and terminates in 
the rearwardly notched or hooked end 55a. By 
swinging the rear end 55a. of crank 55 vertically 
the pin 52 is slid to and from locking engagement 
with bracket 54. The locking pin operating crank 
55’is maintained normally in position with its 
rear end swung or pulled downwardly to force 
the locking pin 52 forwardly into position en 
gaged. in bracket 54 to lock vanes V in closed 
position, by a retractile spring 58 connected at 
its rear end to fuselage structure B and at its 
forward end connected to the upper ,end of 
crank 55 above shaft 45, by a cable 59. A suit— 
able turnbuckle or the like 59a, is interposed in , 
cable 59 for the purpose of varying thetension 
or pull exerted by spring 58 on the crank 55. 
The lever 55 is 'operatively coupled with the 

longitudinal control or elevator operating arm 48 
of the pilot’s control by a tube 60 that is hori-, 
zontally disposed with its forward end slidably 
received in and supported by the upper end of 
bracket member 54 above shaft 45, and extends 
rearwardly to and is supported between upper 
and lower rollers 59 (see Fig. 8) mounted on the 
inner side of elevator operating crank arm 48 ad 
jacent the lower end of this crank. The forward 
end of tube 50 extends a distance forwardly of 
bracket 54 and a coiled expansion spring 6! is 
loosely mounted thereon between .the headed or 
capped end Elia of the tube and the bracket 54. 
The rear end of the tube 66 extends a distance 
rearwardly beyond the neutral and substantially 
perpendicular position of elevator operating» 
crank 48, and the rear length of- tube 55 from a 
point spaced forwardly of crank 43 to the rear 
end of the tube is vertically curved at 62 through 
an arc concentric with the axis of torque tube 46 
on which crank 48 swings. Thus, with crank 48 
unconnected with tube 60, this crank can swing 
fore and aft for longitudinal control surface or , 
elevator operation without imparting movement 
to the tube 60, as the crank rollers 59 will ride‘ 
freely on the curve portion 62 of the tube and 
independently of the tube. ' 
A suitable mechanism is provided for releas 

ably locking the elevator crank. 48 -to the tube 
Gil, and in this instance takes the form of alever 
handle 53 pivotally mounted on the upper end of 
crank 48 and having a cross head 63a disposed 
at the lower end‘thereof in a direction transverse 

7 
of torque tube 46. The rearwardly extended end ‘ ‘ 
of arm 63a is connected to the upper end of a 
vertically disposed rod ‘64 that is slidably con-v , 
?ned adjacent its lower end to crank 48 by a 
guide 64a and which rod in lowered position has 
its lower end received in one of a series of bores 
or holes along the upper side of tube 60 in order 
to lock the tube to the crank 48., With rod 54 
in looking engagement with tube 68, fore and aft 
swinging of crank 48 will move the tube'?ll for—~ 10 
wardly and rearwardly on and through bearing‘ ' 
bracket 54. A ?at spring, 65 is mountedat the 
upper end of crank 48 and is engaged» by the for 
ward end of handle lever cross arm 63a to hold 
the handle lever 63 in either its position lowering 
rod 64 into locking engagement with tube 60, 
or in its position raising rod 64 from looking en 
gagement with tube 60. _ ‘ 
The forward and rearward movements of tube 

60 pastthe-upper notched or hooked end 55a 
of crank 55, imparted to tube 60 by fore and 
aft swinging of elevator control crank 48, are 
utilized to actuate and control the locking pin 
operating crank 55. A pin or stud 66 is provided 
extending from the side of tube 68 adjacent 
crank 55 and positioned on the tube to be spaced 
a distance rearwardly from crank 55 with tube 80 
in its normal position when the pilot's control 
is in neutral elevator or longitudinal control po 
sition. 
(downward elevator movement) with the rod 64 
engaging and locking tube 60 to the elevator 
crank 48, will pull or draw tube 60 rearwardly, 
compressing spring 6|, and move tube pin 66 
rearwardly from crank 55. During such opera 
tion, the crank 55 is in its normal position swung 
downwardly by spring 58 to hold locking pin 52 
in engagement with bracket 54 and maintain the 
passage vanes V in their downwardly swung'posi 
tions closing passage P inlet. _ 
When the control stick S is swung 'rearwardl 

(upward elevator movement), past normal neu 

Forward swinging of control stick _S_ 
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tral position, the tube 60 is moved forwardly by _ 
thev forward ‘swinging. _of elevator control crank 
48, and the pin or stud 56 on tube 68 is moved 
forwardly toward crank 55. Continued rearward 
swinging of stick S moves pin 66 into engagement 
with the notched or hooked end 55a of .crank 55, 
and. pin 66 swings or rocks the crank forwardly. 
Forward rocking of crank 55 withdraws pin 52 ' 
from looking engagement with bracket 54, and 
releases shaft 45 and vanes V for upward,'pas 

45 

sage inlet opening swinging.- As the tube 60 _' 
continues to move'forwardly by forward swinging 
of stick S, the pin 86 engaged with crank 55, ' 
further rocks this crank against and into engage 
ment with collar ?tting 50, and then rocks or ro 
tates shaft 45 together with crank 55 as a unit, 
to swing the vanes V upwardly to open the inlets 
to wing passages P for ?ow of air thereinto' to 
modify the performance characteristics of wings 
W’; Forward swinging of stick S back to neutral 
will draw tube 60 rearwardiy torelease pin 66 
from crank 55 and permit spring 58 to rotate 
shaft 45 to return vanes V to passage closing 
position, and ?nally will continue to swing crank 
55 on shaft 45 to throw pin 52 forwardly into 
rocking engagement with bracket 54. 

rIrne relative movements or; timing of- the vari 
ous elements above described may,'of course, be 

‘ varied to meet‘ the particular conditions of each 
airplane and wing design and in‘ accordance with‘ 
the particular, performance ’results sought but 
in the example here given, the wing or wings W’ 
have a normal lift curve with the passage‘ _P " 
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8 
closed by vanes V, represented by the lift curve 
e—)‘, of Fig. 10. Thus, the normal wing W’ has 
performance characteristics that give‘ high e?i 
ciency with high maximum lift values, but with 
a sudden break in the lift curve at the stall 
condition with the resulting spin tendencies. 
In the arrangement of the form of my inven 

tion shown in Figs. 8 and 9, the vanes V, as 
hereinbefore explained, are maintained locked 
in closed position throughout forward control 
stick S movements (down elevator movements) 
from neutral control position, and this condition 
is also maintained through a certain extent of 
rearward control stick movement ' (up elevator 
movements-increased attack angle) from neu 
tral. However, the pin or stub 66 on tube 60 
is so spaced rearwardly from and positioned rela 
tive to crank end 55a, that when the rearward 
control stick movement reaches that position rep 
resenting an approach to the'stalled ?ight con 
dition, say corresponding to the point g on the 
lift curve e—f, then the crank 55 has been ro 
tated to disengage locking pin 52 from bracket 
54, and the vanes V are rotated to open the wing 
air displacement passages P. Opening the wing 
passages P causes ?ow of air into and displace 
ment through the wings W.’ and modi?es their 
performance characteristics to ?atten the peak 
of the lift curve and give these wings a lift 
curve represented by the curve h-—i, of Fig. 10. 
The wings W’ are thus modi?ed to increase lift 
with a more rounded lift curve, delayed ‘stall, 
and-earlier lift recovery. These conditions, of 
course, materially reduce the hazard of the spin 
and in the event of a spin facilitate recovery 
therefrom. Thus, as in the example of the broad 
principles of the invention as explained in con 
nection with Figs. 1 to 7, the wing characteristics 
are modi?ed by vlongitudinal control actuation 
by the pilot to place the airplane approaching 
or in the stall condition, and the wing character 
istics are restored to normal. by longitudinal con- 
trol actuation to remove the airplane from such 
conditions. 

Preferably, as hereinbefore referred to, the 
tube 60 is provided with a series of spaced bores 
or holes along the curved portion 62 for selec 
tively receiving the locking rod 64. By such an 
arrangement the pilot can adjust the longitudinal 
or elevator control 1n relation to the vane or lift 
control through varying the distance between 
tube pin 66 and the crank 55 with the longitudinal 
control in neutral position. Thus, the ?ight con 
dition at which modi?cation of the wing char 
acteristics will take place as represented by the 
position of the longitudinal control correspond 
ing to such a condition can be, predetermined. 
‘When desired, the control mechanism can be 

disengaged from the vane operating tube 60, by 
swinging handle lever 63 to raised rod 64 to dis 
engage tube 60, the ?at spring 65 then holding 
lever“ in such position until released. With 
the crank 48 disengaged from tube 60, the longi 
tudinal or elevator control is operable inde 
pendently of and without actuating tube 60, 
crank 48 then merely freely moving over the 
curved portion 62 of tube 60 on the rollers 59. 
Under the foregoing conditions the vanes V are 
held in normal, passage closing and inactive po— 
sition by spring 58, crank 55 and‘locking pin ‘52 
engaged in bracket 54. 
With the longitudinal control disconnected 

from the lift or vane V control, if it'is desired 
that the vanes V be operable for opening and 
closing the wing passages, the stop nut 53 may 

2,087,626 
be adjusted on the locking pin 52 to maintain this 
pin from looking engagement with bracket 54, in 
which event the vanes are free ?oating except 
as restrained by the spring 58,’ the tension of 
which can be adjusted as may be required by 

' the turnbuckle 59a. The vanes when free ?oating 
as described are also operable by the'pilot’s con 
trol when crank 48 is connected by rod 64 with 
tube 60 in the same manner as described in con 
nection with the vanes when locked by pin_52 
in their closed positions. 
While I have shown a variable lift wing of the 

passaged type in accordance with my previously 
mentioned U. S. patents, my invention is not in 
all respects limited thereto, as its broad principles 
are adapted to any of the variable lift wings, in 
cluding the leading edge slotted types familiar 
in the art. Further, the leading edge modi?ca 
tion form of Figs. 1 to 7, may also be used to 
gether on a wing with the passageway control of 
Figs. 8 and 9, if so desired. 

It will also be evident that various changes, 
modi?cations, substitutions‘, additions and elim 
inations might be resorted to in the several illus 
trated examples of the various features of my 
invention, without departing from the spirit and 
scope of the invention, and hence, I do not desire 
to limit myself in all respects to the exact and 
speci?c disclosures hereof. 
What I claim is: 
1. In combination in an airplane having a 

longitudinal control mechanism, a wing having 
a normal contour and airfoil section, a movable‘ 
member on the wing for changing the wing 
normal contour and airfoil section to a contour 
and section with which the peak of the lift curve 
for the wing is modi?ed, and means operatively 
coupling said wing mounted movable member 
with the longitudinal control mechanism for mov 
ing said member to change the wing contour and 
airfoil» sectionv when the longitudinal control is 
actuated to longitudinally control and place the 
airplane in ?ight condition approaching the stall. 

2. .In combination in an airplane including a 
pilot actuated longitudinal control mechanism, a 
wing having a normal contour and airfoil section, 
means on the wing operable to change the wing 
contour and section to one with which the peak 
of the lift curve for such wing is modi?ed, and 
mechanism operatively coupling the longitudinal 
control with said wing contour changing means 
for operating the latter to change the wing con 
tour and section and modify the peak of the wing 
lift curve when the control mechanism attains 
a predetermined position for longitudinally con 
trolling the airplane. . 

3. In combination, in an airplane including a 
pilot actuated longitudinal control means, a wing, 
means on the wing operable to change the wing 
‘contour and modify the peak of the lift curve 

. for such wing, mechanism operatively connecting 
the longitudinal control with said wing contour 
changing means for operating the latter to change 
wing contour when the longitudinal control means 
is actuated to a predetermined position, and 
means controlled by the pilot for disconnecting 
said mechanism from the longitudinal control 
means for operation of said wing contour chang 
ing means independently of longitudinal control 
means actuation. 

4. In an airplane wing, a member mounted in 
and de?ning the normal leading edge contour of 
the wing, said member mounted for projection 
from the wing to modify the wing leading edge 
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contour, pilot controlled means for projecting and 
retracting said member operatively connected 
therewith, and independent means for releasing 
said pilot controlled means from operativecond' 
nection with‘ said member. 

5. In an airplane wing, a memberkmounted on 
- and defining the normal leading edge contour of 

10 
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the wing, said member mounted for projection 
from normal position to modify the normal lead 
ing edge contour, pilot actuated means for project 
ing and retracting said member from and to nor 
mal leading edge contour de?ning position, said 
pilot actuated means releasable from operative 
association with said member, and independent 
means operable to adjust and releasably lock said 
member in any desired adjusted setting. 

6. In combination 'in an airplane ‘including a 
pilot actuated longitudinal "control therefor, a 
wing a projectable member in the leading edge 
of the wing for changing the leading edge contour 
of the wing to modify the wing characteristics, and 
mechanism. operatively connecting said member 
with the longitudinal control for projecting said 
member by movement of the longitudinal control 
at and beyond a predetermined position of such 
control for purposes of longitudinally controlling 

- the airplane. . 
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'7. In an airplane having a pilot actuated longi 
tudinal control, a wing having a passage for ?ow 
of air therethrough, means for controlling ?ow 
of air through said passage, and mechanism op 
eratively connecting the longitudinal control with 
said means to operate the latter to increase‘ air , 
?ow through the passage when the longitudinal 
control has been actuated to a predetermined po 
sition for the purpose of longitudinally controlling 
the airplane. . ' - 

8. In combination in an airplane including a 
pilot actuated longitudinal control therefor, a 
wing having a passage for ?ow of air there 
through, a member for opening and closing said 
passage to control air?ow therethrough, mecha 
nism operatively connecting the longitudinal con; 
trol with said member for actuating the member 
to open the passage when the‘ longitudinal con 
trol is moved for longitudinal control purposes to 
a position placing the airplane in a ?ight condi 
tion approaching the stall. 

9. In combination, in an airplane including a . 
pilot operated longitudinal control therefor, a 
wing providing a passage for ?ow of air there 
through, a member operable to' open and close 
said passage, mechanism operatively coupling the 
longitudinal control with said passage opening 
and closing member for actuating said member 
to open the passage when the longitudinal con 
trol is moved to a position placing the airplane in 
a predetermined ?ight condition and to actuate 
the member to close the passage when the control 
is moved to remove the airplane from such ?ight 

,condition, and means for disconnecting said 
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mechanism from the longitudinal control. 
10'. In an airplane including a pilot actuated 

‘longitudinal control, a wing,.'a member on the 
wing movable to change the contour of the wing 
and modify the lift curve for the wing to ?atten 
the peak of’ such curve, mechanism coupling the 
longitudinal control with 
for moving the member by actuation of the longi 
tudinal control, and the said mechanism _op. 
erated to move said wing contour changing mem 
ber from its normal position only when the longi 
tudinal control is moved to a position approaching 
the stall condition for the airplane. 

11. ‘The combination in an airplane of a wing, 

said movable member > 

a pilot operated longitudinal control for the air 
plane including a fore and aft control 
lever, a member movably mounted on the wing‘ 
for modifying the wing contour. and operative 
connections between said wing member and said 
fore and aft swinging control lever, said con 
nections actuating said wing member to modify 
wing contour when the control lever is swung 
rearwardly to a predetermined position but per 
mitting swinging of said lever forward of such 
predetermined. position independently of and'_ 
without actuating said wing member. _ 

12. In an airplane having means for the ion 
gitudinal control thereof, the combination of, a 
wing having an airfoil section variable in ?ight 
to modify the wing to one having the lift curve 
?attened at the peak, with means operatively as 
sociated with said wing for varying its airfoil 
section, and said means connected with and actu 
ated by longitudinal control operation of said con 
trol means to change the wing section in accord 
ance with the longitudinal control imposed on the 
airplane. 

13. In an airplane-including a wing therefor 
and means for longitudinal control of the'airi 
plane, said wing having normal‘characteristics 
giving a lift curve for the wing that breaks rela 
tively sharply downward from the peak of the 
lift curve, means for modifying the normal wing 
characteristics in flight to those giving a lift 
curve for'the wing that is ?attened at ‘the peak 
of the curve, and means associating the wing 
characteristic modifying means with the longi 
tudlnal control means and actuated by the latter. 
to cause the modifying means to change the wing 
characteristics to those giving a ?attened peak. 
lift curve upon longitudinal control operation of 
the control means to place the airplane in?ight 
condition approaching stalled ?ight. . 

14. In an airplane, including a wing therefor, 
and means for longitudinally controlling the air 
plane in ?ight, in combination; means for chang 
ing the contour of the wing in ?ight to a contour 
modifying the wing lift curve to ?atten the peak 
of such curve; said wing contour changing means 
operatively associated with the longitudinal con: 
trol' means and operated to- change the wing con 
tour and ?atten the peak of the vwing lift curve 
by longitudinal control operation of the control 
means to a control position at which the airplane 
approaches the stall; and the longitudinal control 
means operable for longitudinal control inde 
pendently of said wing contour changing means 
in all control positions up to that approaching the 
stall. . ' 4 
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15. In combination, in an airplane including a . 
wing therefor, and means for longitudinally con 
trolling the airplane in ?ight; means for chang 
ing the contour of the wing to modify the lift 
curve for the wing; mechanism operatively con 
necting the longitudinal control means with the 
wing contour changing means for operating the 
latter to change the wing contour when the lon 
gitudinal control means is actuated to a prede 
termined longitudinal control position; means for 
disconnecting said mechanism from the longitudi 
nal control means for longitudinal control opera 
tion of the latter independently of said contour 
changing means; and means for operating the 
wing contour changing means when the longi 
tudinal control means is disconnected from the 
said contour changing means. . ' 

16. In an airplane, in combination, means for 
longitudinally controlling the airplane in ?ight, 
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a wing operable‘ to vary its performance charac 
teristics-in ?ight, and saidjlongit'udinal control 
means operatively associated with the wing for 
operating the latter-to change the wing ?ight 
characteristics at a predetermined longitudinal 
control position and operable independently of 
said wing through thelongitudinal control posi4 
tions ,of said: controli'neans to said predetermined 
position. ,1.‘ . . ' 

~17. In aniairplanewing, a member mounted on _ 
and de?ning the normalleading edge contour of 
the wing, said member mounted for projection 
from normal position to positions modifying the 
normal leading edge contour, and the said mem 
ber frictionally engaging the wing in projected 
positions ‘and held in a projected position by such 
engagement. . 

18. In an airplane wing, a member mounted on 
and de?ning the normal leading edge contour of 
the wing, said member mounted for projection 
from normal position to positions modifying the 
normal leading edge contour of the wing, means 
for projecting and retracting said member, and 
the said member frictionally engaging the wing 
and maintained in any, projected position by such 
frictional engagement. ‘ 

‘19. In an airplane wing, a member mounted 
in and de?ning the normal leading edge contour 
of the wing, said, member mounted in the wing 
for projection from-normal position to positions 
modifying the normal leading edge contour of 
the wing, and saidrmember having a surface that 
yields locally at the point of pressure application 
thereto, said surface frictionally engaging and 
yielding to adjacent wing structure to form a, 
weather seal with the wing along the span of 
said member. v Y _ 

20. ‘In combination, in an airplane including a 
wing therefor and a longitudinal control for the 
airplane, said wing having a passage for ?ow of 
air therethrough, a member mounted on the wing 
for opening and closing said passage, mechanism 
coupling the longitudinal control with said mem 
ber for actuating the latter to open the wing pas 
sage when the longitudinal control is moved to a 
longitudinal control position placing the airplane 
in a predetermined ?ight condition and to actuate 
the member to close the~passage when the control 
is operated to remove the airplane from such 
?ight condition, means for disconnecting said' 
mechanism and said member from the longitudi 

- nal control, and the said member when discon 
nected from the longitudinal control operable to 
open and close the wing passage. » - 

21. In an airplane, in' combination, a wing 
having a passage for flow of air therethrough, 
means for longitudinally controlling the airplane, 

‘ a member mounted on the wing and movable to 

60 

75 

open and close the wing passage, and said longi 
tudinal control means operatively associated with 
said member for operating the/ same to open the 
passage when said means is operated to a posi 
tion imposing‘ a degree of longitudinal control 
on the airplane for a predetermined ?ight condi 
tion. .. 

22. In combination}. in an ‘airplane, a wing, a 
member movably mounted onthe wing for vary 
ing the wing performance characteristics, means 
for longitudinally controllingthe airplane, mech 
anism operatively associating the longitudinal 
control means with said movable wing member, 
and said mechanism providing for moving said 
member to vary wing performance characteristics 
during longitudinal controloperation of the con 
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trol means throughout a portion of the control 
range, and for operation of the control means 
independently of said wing member'through the 
remainder'of the control operating range; ' 

23. In ‘combination in van airplane, a wing, 
longitudinal control means for normal longitudi 
nal control of the airplane in ?ight, means on 
the wing leading edge operable to break away 
and clear ice formations therefrom, and said ice 
breaking means coupled with and operated by ac 
tuation of the longitudinal control means. 

24. In combination in'an airplane, a wing, 
longitudinal control means for normal longitudi 
nal control of the airplane, a member ‘forming 
the normal leading edge of the wing, said mem 
ber>mounted ‘for projection and retraction to 
break ice formation from the wing leading edge, 
and said member coupled‘ with the longitudinal 
control means for projection and retraction by 
longitudinal control movements of said means. 

25. In an airplane,_a wing having a longitudi 
nally disposed passage therein for ?ow of air 
rearwardly therethrough, pilot actuated means 
for normally longitudinally controlling the‘ air 
plane in ?ight, means controlling ?ow of air 
through said passage, and mechanism operatively 
connecting the longitudinal control means with 
said passage ?ow controlling means to operate 
the latter to increase air ?ow through the wing 
passage when a predetermined degree of longi 
tudinal control is imposed on the airplane. 

- 26. In an airplane having a pilot actuated ion 
gitudinal control, a wing having a longitudinally 
disposed passage therein for ?ow of air there 
through rearwardly of the wing, pilot actuated 
means for normally longitudinally controlling 
the airplane in ?ight, means controlling ?ow of 
air through said passage, and said pilot actuated 
means operatively coupled with said air?ow con 
trolling means whereby longitudinal control op 
eration of the former operates the latterto con 
trol ?ow of air through said wing passage. 

~ '27. In an airplane, a-wing having an air dis 
placement passage, a member normally closing 
saidipassage, means for normally longitudinally 
controlling the airplane in ?ight and mechanism 
operatively coupling said passage closing mem 
ber with the longitudinal control means whereby 
operation of the latter to a predetermined longi 
tudinal control position causes said member to 
open the wing passage for displacement of air 
therethrough. ‘ 

> 28. In an airplane, a wing, means operable to 
vary the performance characteristics of the wing 
in ?ight, control means for controlling the air 
plane in ?ight, including a pilot actuated con 
trol member, and mechanism operatively associ 
ating said wing characteristic varying means with 
said control means, said mechanism including 
a link member coupled with said control mem 
ber, and means coupling said link member with 
the wing characteristic varying means whereby 
said latter means-is only operated by movement 
of said control member through a predetermined 
range of control positions. ' 

29. In an airplane, a wingvhav‘ingjan air dis 
placement passage, a member movable to open 
and close said passage, said member normally in 
position closing the passage, control means for 
longitudinally controlling the airplane in ?ight, 
said control means including a control actuating 
member, mechanism associated with said passage 
closing member for actuation to move the member 
to open position, and a member coupled ‘with 
said control actuating member for movement 
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thereby to engage said passage closing member 
actuating mechanism at a predetermined longi 
tudinal control position of the control member for 
moving the passage member to open position. 

30. In an airplane, a wing including means for 
changing the contour of the wing in ?ight, a 
shaft for rocking to operate said contour chang 
ing means, means for longitudinally controlling 
the airplane in ?ight including a control operat 
ing member, a lost motion link member operative- _ 
1y coupled with said control operating member, 
means for rocking said shaft, and said link mem 
ber operatively engaging said shaft rocking means 
to rock the shaft and operate the contour chang 
ing means only after said control operating mem-. 
ber is moved to a predetermined control position. 

31. In an airplane, a_ wing, a wing contour 
‘changing member movably mounted on the wing, 
a rock shaft for moving said member to change 
the wing contour,‘ a slotted ‘arm on said shaft for 
rocking the same, a swinging crank arm engaged 
in said slotted shaft arm, said arm having the slot 
thereof so curved relative to the axis of swing of 
said crank that the crank swings independently 
of the am through a portion of its swing and en 
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gages the arm through the remaining portion of 
its swing to rock said shaft, a longitudinal con 
trol for the airplane including a control actuat 
ing member, and means coupling said control 
actuating member with said swinging crank for 
actuating the latter by longitudinal control oper 
ation of said control member. ' 

32. In an airplane, a wing having an air dis 
placement passage therethrough, a closure mem 
ber mounted on the wing for swinging to open 
and close the wing passage, a shaft for swinging 
.said closure member to and from closed position, 
a crank member associated with said shaft for 
movement to rock the shaft to open said closure 
member, means normally maintaining said clo 
sure member in passage closing position, means 
for longitudinally controlling the airplane in 
cluding a control actuating member, and a, rod 
member coupled with the control actuating mem 
ber and formed to engage the'shaft carried crank 
member to swing said closure member to passage 
opening position when said control member is 
moved a predetermined distance to longitudinally 
control the airplane. ' - 

_ RANDOLPH F. HALL. 
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