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Claims. 

This invention relates to airplanes in general, 
and more particularly to the class of airplanes 
equipped with lift increasing devices. 

I am aWare that others have constructed air 
planes wherein devices have been incorporated 
for the purpose of increasing the maximum lift 
coefficient of the airplane, with varying degrees 
of success. Many devices have been suggested 
heretofore, which, when actively associated with 
the wings of airplanes, increase the combined 
lift coefficient of wing plus the device. For sin 
plicity, hereinafter such devices will be designated 
lift augmenters. Examples of devices suitable for 
such purposes, that have become known, may be 
found in United States patents, Numbers 
1,862,902, 1875,465, 1875,593, 1893,064, and 
1,893,065. There are numerous other examples 
to be found in domestic and foreign art, but the 
examples above recited are representative and 
will serve to familiarize anyone skilled in the art 
with the general nature of this class of device. 
There have been certain cases where airplanes 
have been constructed according to some of the 
above as well as other designs of like nature that 
have been well known for their excellent per 
formance. 

However, up to the present, the most satisfac 
tory means for availing OneSelf of the full bene 
fits to be derived from devices of this class had 
remained undiscovered, so far as applicant is 
aware, and will be revealed hereinafter, 

I myself, as well as others have heretofore con 
structed highly successful airplanes equipped with 
longitudinal control means, operative thru the 
agency of adjusting the angle of incidence of the 
primary sustentation members or wings; in other 
language, wherein variations in the angle between 
the longitudinal axis of the fuselage and the 
trace of the plane of the wing chordon a vertical 
plane thru this longitudinal axis, are utilized for 
varying the lift coefficient of the wings, entirely 
independent of the presence or absence of any 
aerodynamic surfaces in the tails of the air 
planes. Examples of such art have become known 
in United States Patents Numbers 1856,093, 
1,889,864 and 1,931,809. 
However, all of the art up to the present time 

lacks something that impairs its perfection. The 
criterion in judging wing profiles that is regarded 
as of paramount importance is a combination of 
high maximum lift coefficient with low minimum 
profile drag. There is no known profile, and it 
seems improbable at the present time that a 
profile will soon be discovered, of constant geo 
metric properties capable of combining very high 

(C. 244-42) 
values of maximum lift coefficient with very low 
values of minimum profile drag. This places a 
limitation on airplanes designed with constant 
profile wings, even of the class wherein longi 
tudinal control is accomplished by incidence ad 
justment, in spite of the otherwise excellent chair 
acter of such airplanes, combining as they are 
well known to do, high efficiency, exceptional 
safety, and unusual ease of operation. Wings 
suitable for airplanes of this adjustable incidence 
nature, that are conducive to stable equilibrium 
of the airplane at any position of adjustment, 
have usually, by good fortune, a very low profile 
drag, but, unfortunately, none are known at the 
present time whose maximum lift coefficient at 
tains very high values. On the other hand, there 
are known profiles having fairly high lift co 
efficients, but again, they are defective in having 
also a high value of minimum profile drag, as 
well as being impaired by possessing an excessive 
center of pressure travel between their low angle 
of attack condition and their high angle of at 
tack condition, their centers of pressure being lo 

5 

20 

cated far back away from the leading edge in the 
low angle condition, and fairly well forward in 
the high angle condition. This seriously handi 
caps them by requiring a heavy down load on 
the tail when an airplane employing a wing of 
Such profile is in its cruising attitude, thereby 
inducing an unnecessary drag when it is most 
detrimental, and directly detracting from the 
pay load for any Specific wing area, besides re 
quiring a heavy structure to support the excessive 
internal loads. Even the best of the commonly 
used high lift profiles have lower values of 
maximum lift coefficient than are to be found in 
profiles modified by lift augmenters, 

Heretofore, airplanes employing lift augmenters 
have been handicapped both in their safety char 
acter, and in their full efficiency by constructions 
based on a lack of appreciation of certain aero 
dynamic facts, recognition of which has enabled 
the present invention to overcome the imper 
fections, inefficiencies, and limitations of air 
planes wherein an endeavor has been made to 
gain the benefit of lift augmenters. 

It is an object of this invention to construct a 
airplane employing a lift augmenter, maintained 
inoperative at low angles of attack and brought 
into action only at high angles of attack. 

It is a further object to construct an airplane 
wherein longitudinal control is secured by ad 
justments of the angle of incidence of the main 
Wing or Wings. 

It is a further object to construct an airplane 
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movable for roll control. 

of the variable incidence class, employing a lift 
augmenter, wherein adjustment of the incidence 
determines the angle of attack. 

it is a further object to construct an airplane 
employing a lift augmenter wherein at any estab 
lished angle of attack either with or without the 
lift augmenter being in action, the airplane will 
fly in stable equilibrium. 
Other objects will appear from consideration of 

the ensuing description and reference to the an 
nexed drawings, wherein: 

Fig. 1 is a side elevation of an embodiment of 
the invention. 

Fig. 2 is a side elevation of a wing of profile 
adaptable to the exercise of this invention. 

Fig. 3 is a side elevation of the wing of Fig. 2, 
but provided with a trailing edge flap deflected 
down. 

Fig. 4 is a diagram showing an analysis of forces 
acting on a wing of the profile shown in Fig. 2. 

Fig. 5 is a diagram showing an analysis of forces 
acting on the wing of Fig. 3. 

Fig. 6 is a diagram showing an analysis of forces 
acting on the wing of Fig. 2, modified at high angle 
of attack by deflecting the flap down as in Fig. 3. 

Fig. 7 is a diagram showing the contour of a 
median line suitable for wings used in this inven 
tion. 

Fig. 8 is a diagram showing two positions of 
fight of an airplane built according to this inven 
tion. 

Fig. 9 is a view of a mechanism for carrying out 
the invention. 

Fig. 10 is a diagram of a control System adapta 
ble to this invention. 

Fig. 11 is a fragmentary illustration of a fixed 
wing adaptation of the invention, wherein longi 
tudinal control is obtained by shifting the loca 
tion of the center of gravity. 

Fig. 12 is a fragmentary illustration of a fixed 
wing adaptation wherein longitudinal control is 
obtained by an elevator in the tail. 

Fig. 13 is a detail illustration of certain ele 
ments of Fig. 12, and 

Fig. 14 is a detail of another element of Fig. 12. 
In Fig. 1, an airplane is shown comprising a 

fuselage or body , upon which is secured by 
familiar means a chassis 2, a stabilizer 3, an ele 
vator 4, a fin 5, a rudder 6, a tail skid 7, a power 
plant 8, and a propeller 9. A wing 0 is sup 
ported to body, by right and left front struts fl, 
equipped with pivotal supports 2 for angle of 
incidence adjustment. The wing O may be con 
tinuous across the body f, or may be in right and 
left panels, which may, if desired, be differentially 

Rear right and left 
struts 3 are vertically movable thru the medium 
of any suitable mechanism, such for example as 
that to be discussed hereinafter under. Fig. 10. 
These rear struts 3 pass thru elongated open 
ings 4 in body . The upper ends of struts 3 
terminate in rock joints 5 in wing 0; and thus, 
the angle of incidence of wing fo is adjustable 
by raising and lowering rear struts. 3. The rear 
section 6 of wing O is separate from, and Swing 
ably mounted on wing fo by hinges f, thereby 
constituting what is commonly known as a trail 
ling edge flap. It is at Once apparent that in 
place of the trailing edge flap shown in Fig. 1, 
any one of a number of well known devices could 
as well be associated with wing fo. These devices 
come under the general classification of lift aug 
menters. Familiar examples in addition to those 
already suggested hereinbefore would include the 
Handley Page slots and flaps. 

2,104,006 
However, the common trailing edge flap as 

shown in Figs. 1, 2, 3, and 9 is readily constructed, 
and is useful in obtaining the results to be dis 
closed forthwith, but it should be clearly borne in 
mind that this invention is not restricted to any 
Specific lift augmenter, and is adaptable to the 
operation of the generic device designated as the, 
lift augmenter. Flaps 6 are swingably mounted 
on shafts f in hinges 7, and are actuated by 
cranks equipped with pins 20, constrained to 
follow a definite path, as will be explained later, 
by the contour of cam slots 2 f on body . In 
Fig. 1, stabilizer 3 is immovably secured to body , 
and elevator 4 is swingably secured to stabilizer 3 
by means of shaft 22 and hinges 23. This ar 
rangement is entirely satisfactory for certain em 
bodiments of the invention, whereas for others, 
it is preferable to separate the right and left 
panels of the elevator 4, interposing stabilizer 3 
between the right and left panels of the elevator 
4, and constructing the elevator 4 as a spanwise 
continuation of stabilizer 3 when in a neutral po 
sition of adjustment, but with the right and left 
panels of elevator 4 synchronously movable in the 
same direction independently of stabilizer 3, 2. 
which itself may be swingable under certain cir 
cumstances as Will be disclosed hereinafter under 
Fig. 10. No drawing is offered here to illustrate 
the above described construction of the elevator 
Spraddling the stabilizer, as it is not difficult to 3 
visualize from the preceding description assisted 
by the drawings as they stand. 
A very important fact now presents itself. It is 
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well known that lift augmenters have what has 
heretofore been regarded as detrimental charac- : 
teristics, namely, they have a tendency to move 
the center of pressure toward the rear at high 
angles of attack as well as at low angles of attack, 
and the lift/drag ratio is lower than that of the 
corresponding profile when the lift augmenter is 
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40 
in its inactive position. Also, the center of pres 
sure is always relatively far back at low angles 
of attack on all wings while influenced by lift 
augmenters, regardless of whether a wing is of 
the Swingable type, to swing around an axis, such 
as at 2 in Figs. 1, 2, 3, 6, 8, 9, and 10, or a wing 
is of the rigid type represented in and by the 
diagrammatic illustrations of Figs. 4. and 5 as 
Well as in Figs. 11 and 12. The first two of 
these characteristics combined, are put to useful 
service, and the last named is precluded as will 
be described forthwith. A mechanical device 
maintains the lift augmenter in its inactive posi 
tion at low angles of attack. In Fig. 2, a wing 
0 is flying at a low angle of attack WL, the wing . 

chord 24 forming a relatively small acute angle 
WL with the flight path P. The lift augmenter 6 
is in its neutral or inactive position, and wing 
chord 24 is a continuous, unbroken line from lead 
ing edge 26 to trailing edge 88. 

In Fig. 3 the same profile is shown at a larger 
angle of attack, that is, with the chord 24 form 
ing a relatively large acute angle WH with the 
flight path P. Lift augmenter 6 is here shown 
in its operative position, its chord 25 inclined at 
an angle F to the wing chord 24. 

Before proceeding to describe the mechanical 
means for causing the lift augmenter 6 to as 
Sume its neutral position at low angles of attack 
and its active position at high angle of attack, 
a discussion of the nature of the forces acting on 
the airplane will be offered. 
The passage thru the air of an aerodynamic 

Surface sets up certain reactions to its motion 
thru the air. An airfoil of a certain profile when 
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moving at a certain angle of attack will induce 
a reaction having a definite location and direc 
tion. For convenience in the study of aerody 
namics, this reaction is commonly analyzed into 
two components, one perpendicular to the path 
relative to the air, and designated lift, the other 
parallel to this path and designated drag. The 
inclination of the line of action of the resultant 
reaction to this path is equal to tan-1 L/D, where 
L and D represent simultaneous values of lift 
and drag respectively. The inclination of this 
line of action to the wing chord is equal to 
tan L/D-W, where W is the angle of attack. 
The line of action, inclined thus, intersects the 
chord of a wing at the center of pressure existent 
at the instant that the said simultaneous values 
of lift and drag are existent. In Fig. 4 a diagram 
is shown, indicating the various lines of action 
of aerodynamic reactions existing at various an 
gles of attack; thus, the line designated 1 repre 
sents the direction and location of the line of 
action of the reaction existent when the wing is , 
flying at 1° angle of attack. In Fig. 4, the chord 
24 is shown, but the envelope profile, as shown in 
FigS. 2 and 3 is eliminated for the sake of avoid 
ing confusion by the presence of too many lines. 
The intersection of any line of action, 1, 6, etc., 
with chord 24 is known as the center of pressure 
for the corresponding angle of attack. Such a 
diagram as that of Fig. 4 is best prepared by cal 
culating the center of pressure location and the 
inclination of the corresponding line of action for 
each angle of attack that is to be investigated, 
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using data obtained from a model, tested in the 
wind tunnel, and then drawing a line, inclined 
at the calculated inclination thru the calculated 
point of location of the center of pressure. In 
view of the fact that the technique of operating 
the wind tunnel is well known to those skilled 
in the art, no discussion of it will be included 
here. 

It will be noted that beginning a short distance 
below chord 24, and extending as far down as 
the diagram is shown in Fig. 4, these lines of 
action progress consecutively from front to rear 
as the angle of attack is increased. If the center 
of gravity of the airplane be located on any line 
of action, and within the said region or zone be 
low chord 24 in Fig. 4, the airplane will be in 
stable equilibrium as is Well known to those 
skilled in the art. A symmetrical profile having 
the character shown in Fig. 4 may be prepared 
by proportioning its ordinates according to the 
equation: 

sty=.2969 vac-1263-3516:2+.2843:23-1015c. 
as is Well known to those skilled in the art. The 
profile shown in Fig. 2, and having the diagram 
of Fig. 4 is constructed from the above equation, 
but scaled down in thickness so that it has a 
maximum ordinate of +6%, or a 12% thickness 
at its thickest point, which occurs at 30% of 
the chord back from the leading edge 26. In the 
diagrams of Figs. 4, 5, 6, and 8, the wing chord 
24 is shown with its leading edge 26 indicated by 
arrow points. An airplane constructed with a 
wing profile of the class just described, pivotally 
mounted for incidence adjustment is fully con 
trollable, and at any adjusted angle of incidence, 
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it will persist in flying in stable equilibrium at a 
definite angle of attack, as is Well known to those 
skilled in the art. 

However, if such a profile be modified by the 
trailing edge section being inclined downward as 
shown at 25 in Fig. 5, then the diagram shown 

24 progress from 

3 
in Fig. 4 ceases to exist, and a diagram of entirely 
different nature shows the character of the so 
modified profile. Here, the lines of action 0°, 4°, 
etc., for an appreciable distance below the chord 

rear to front as the angle of 
attack is increased in the low angle range, and 
then, some distance below chord 24, they cross 
and progress from front to rear with increasing 
angles of attack in the high angle range, from 
about 12 up to the stalling point and even be 
yond. A wing of this nature, without the assist 
ance of an auxiliary airfoil co-acting with it 
Would not produce an airplane that could ever 
be in stable equilibrium, particularly with the 
center of gravity located on a line of action for 
less than 12, and especially if the center of grav 
ity were located up near the chord 24. Now, if 
the flap 6 of Fig. 3, deflected down at the angle 
F. to the chord 24 were permitted to remain at 
the angle F, while the wing 0 attained a low 
angle of attack, such as W., of Fig. 2, then such 
lines of action as -2°, 0°, 2, 4, etc., of Fig. 5 
could come into existence. This is a serious im 
perfection in an airplane employing a lift aug 
menter, and wherein longitudinal control is ef 
fected thru the agency of deflecting a horizontal 
tail surface as the exclusive means, while the 
Wing in such an airplane is of the rigid type with 
respect to the body of the airplane. This is 
especially true, if as has commonly been the case 
in prior constructions, the lift augmenter 6 is 
controlled by means of an independent manual 
means, for, even tho a wing having a concen 
trated center of pressure location such as that 
of Fig. 4 were to be employed, which has been 
Suggested heretofore, its desirable character 
would be destroyed, and it would be necessary to 
use a stabilizer in the tail capable of exerting an 
excessive down load in the cruising range, and 
the pilot would be required to adjust this stabi 
lizer simultaneously with adjustments of the lift 
augmenter. Also, in constructions that have 
been heretofore suggested wherein a manual 
means is provided that acts simultaneously on lift 
augmenter and stabilizer, increasing the deflec 
tion of the lift augmenter gradually while at the 
same time gradually inclining the stabilizer from 
its minimum position to its maximum position, 
most of the valuable diagram of Fig. 4 is lost. 

In Fig. 6 there is a diagram showing the com 
bined nature of a wing of the character shown in 
Fig. 4 wherein a lift augmenter, represented by its 
chord line 25 is maintained in neutral relation to 
the wing, represented by its chord line 24, thru 
out the low and medium angle of attack range, 
and yet is brought into positions of successively 
greater effectiveness as the maximum angle of 
attack is approached. Here, the chord 25 of the 
lift augmenter 6 of Fig. 2, hinged at 8 to the 
wing chord 24 is maintained in rectilinear relation 
to wing chord 24 while wing chord 24 is tipped 
about pivot 2 to vary its angle of attack from 1 
to 14. The center of gravity of the airplane, C. 
G. lies on arc 2 and can be located on any desired 
line of action such as 2 as shown, by adjusting 
the angle of incidence of the wing chord 24 about 
pivot 2. The center of gravity C. G., having 
been located by adjustment on any desired line 
of action, the airplane as a whole takes up a posi 
tion relative to its path with reference to the air, 
such that the wing chord 24 is inclined to the 
path at the corresponding angle, for example, 2° 
as shown in Fig. 6. The airplane will now per 
sist in flying at the angle of attack selected, be 
cause, as hereinbefore stated, the airplane is in 
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stable equilibrium at that angle of attack. When 
the 14 incidence is exceeded, mechanism pro 
vided will automatically deflect flap chord 25. 
Thus, at 16° angle of incidence flap chord 25 as 
Sumes position A, and the line of action for this 
combination is 16'a. Further increase in inci 
dence to 18° deflects flap chord 25 to position B, 
and at the same time shifts the relative position 
of the center of gravity C. G. along arc 2 to a 
position on the newly created line of action 18b. 
In designing this airplane, care is exercised to 
locate the fore and aft position of pivot 2 on wing 
fo, and the height of pivot 2 above the center of 
gravity C. G. of the complete airplane so that the 
angle of incidence change to move the Center of 
gravity C. G. relative to the wing chord 24 is equal 
to, or at least nearly equal to the angle of attack 
change corresponding to the lines of action be 
tween which the center of gravity C. G. has been 
relatively moved. In Fig. 6, a combination is 
shown wherein further incidence change to 19 
associated with the increased deflection of lift 
augmenter 25 to position C, establishes line of 
action 19c, and the distance between line of ac 
tion 18b and 19°C along arc 2 is practically zero, 
whereas the distance traversed by the center of 
gravity C. G. along arc. 27 while rotating wing 
chord 24 thru the difference in angle of attack 
in question, namely 1 would not be essentially 
zero. This would mean that the center of gravity 
Would now lie to the right of line of action 19'c 
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on arc. 27. This brings up a new action. With 
the wing chord 24 and the flap chord 25 adjusted 
in combination to establish line of action 19°C, the 
airplane will be out of balance, and a stalling 
moment will exist, because the relative location of 
the center of gravity C. G. will be to the right of 
line of action 19°C. The construction that COm 
pensates for this will be discussed presently by 
the aid of Fig. 8. 
So far, the profiles shown herein are of the 

symmetrical class. Expressed otherwise, their 
median lines have been rectilinear. This is not 
essential, as there are many aSSymetrical forms 
that have excellent properties. An example of 
these could be prepared by forming a median line 
according to the equation: 

y=hic (1-ac) (1-.875ac) 
as is well known to those skilled in the art. Fig 
ure 7 shows such a median line with the coefficient 
h adjusted to bring the maximum ordinate to a 
value of 6% of the chord. Here, the chord 24 is 
used as the axis of abscissae, and the median line 
28 is derived from the above equation. It will be 
noted that median line 28 crosses chord 24 at 
point 29, which is located 87.5% back from lead 
ing edge 26. To construct a wing profile accord 
ing to this form, the envelope, which may be one 
derived from the equation on page 3, line 55, is 
Superposed on the median line just described in 
a manner well understood by those skilled in the 
art. This invention does not necessarily feature 
the specific profiles just described. They are 
offered as definite examples to illustrate the na 
ture of one of the features of the invention. Any 
profile showing a diagram similar to that of Fig. 
4 will serve as a basis for this invention, and if a 
test in the wind tunnel shows a profile of un 
known contour to have the character of the dia 
gram of Fig. 4, then the unknown profile would be 
entirely satisfactory as a nucleus for the exercise 
of this invention. Also, in a diagram like that of 
Fig. 4, the wing chord 24, and the pivot 2 of Fig. 
1 may be located relative to the center of gravity 

9,104,006 
C. G. of the airplane such that the center of 
gravity C. G. lies constantly at or approximately 
at Q, or a constant distance from leading edge 2 
in Fig. 4, and with the assistance of the stabilizer 
3 of Fig. 1, incidence variation is feasible, and yet 
the airplane can be maintained in stable equi 
librium, because it would be in neutral equilibrium 
or else in a state of unbalance with a constant 
upsetting moment without the assistance of the 
stabilizer, whereas the stabilizer 3 comes into 
action here, not merely to restore balance as is 
commonly understood by those skilled in the art, 
but to offer a righting moment whenever the air 
plane departs from the angle of attack for which 
it has been adjusted. So long as the progression 
of the lines of action is not definitely from rear 
to front with increasing angles of attack, a prac 
ticable airplane may be constructed using variable 
incidence for longitudinal control, 
In Fig. 8 a diagram is shown analyzing two con 

ditions of flight of an airplane embodying this 
invention, namely medium angle of attack with a 
lift augmenter in its neutral or inactive position, 
and high angle of attack with the lift augmenter 
fully effective. In this figure, the lift augmenter 
30 is a thin plate, depending from the trailing 
edge 3, and perpendicular to the chord 24. The 
nature of a lift augmenter of this class is well 
known to those skilled in the art. Assume that 
the airplane being analyzed in Fig. 8 is flying at 
M° angle of attack, M being well above the angle 
of zero lift and somewhat below the stall. Under 
these conditions, the airplane is following path 
PM relative to the air. The airplane of Fig. 8 is 
provided with a fixed or non-adjustable stabilizer, 
represented by its chord 3, its envelope being 
omitted from the figure. The elevator 4 of Fig. 1 
is absent. When flying thus at M angle of at 
tack, with the parts of the airplane so propor 
tioned that the sum total of moments extraneous 
to those induced by the wing 24 is zero, the line 
of action 32 of the reaction corresponding to M 
then passes thru the center of gravity C. G. of the 
airplane. The stabilizer 3 in this case is set at its 
angle of attack for zero lift relative to the path 
PM. The stabilizer 3, then, while the airplane is 
following path PM is ineffective and has little if 
any influence on the attitude of the airplane. Its 
reaction is directed parallel to path PM and back 
Ward in its direction. It could as well be absent, 
as the airplane is in stable equilibrium at M 
angle of attack as explained hereinbefore in dis 
cussing Figs. 4 and 6. The pilot now adjusts lift 
augmenter 30 into its effective position as shown 
by the dotted line 30. It should be noted here 
that when the airplane was flying at M angle of 
attack, only such lines as appear full were to be 
considered. Dotted line 30 was to be disregarded 
as though it were absent. Now, with dotted line 30 
present, representing the effective presence of the 
lift augmenter, line of action 32 ceases to exist, 
and instead line of action 33 is created. Line of 
action 33, passing forward of center of gravity 
C. G. induces a stalling moment, and the airplane 
is momentarily out of balance, and as a result 
rotates about its center of gravity C. G. until its 
relative path is the dotted line PH, inclined at 
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angle 34 to old relative path PM. It may be that 
PM and PH both lie on the same line relative to the 
earth, or it may be that they do not. That de 
pends upon determining factors that need not be 
considered here, such as engine thrust. PM might 
represent level flight and PH climb, or various 
other combinations. The stabilizer 3 has a positive 
angle of attack because it is positively inclined to 5 
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ward new path Ph, and therefore its newly estab 
lished reaction has a new line of action 35 with 
an upward component, and is not any longer par 
allel to the path Ph. Reaction 35 exerts a driving 
moment about center of gravity C. G., that bal 
ances and offsets the stalling moment of wing re 
action 33. The moment, arm 37 of reaction 33 
multiplied by the magnitude of reaction 33 is 
equal to the moment arm 36 of reaction 35, mul 
tiplied by the magnitude of reaction 35. Thus, 
with the assistance of stabilizer 3, the airplane is 
again in equilibrium. It is in stable equilibrium, 
because, any disturbance that causes an angular 
displacement of the whole airplane relative to its 
path will in SO doing cause a new reaction. On the 
stabilizer 3, which not only compensates for the 
movement of the line of action of the wing, but 
overbalances it, and tends to return the airplane 

20 

range, with the lift augmenter 30 in action, a 

to the established angle of attack, as is well known 
to those skilled in the art. We have in effect, with 
the construction disclosed in Fig. 8, at any estab 
lished value of angle of attack in the high angle 

conventional airplane with its stabilizer set at an 
excessively high degree of decallage. With lift 
augmenter 30 in action, the diagram of wing re 
actions is similar to that of Fig. 5, but, as just ex 
plained, it is corrected by stabilizer 3, producing a 
diagram for the whole airplane that bears a re 
semblance to the diagram of Fig. 4. Thus, in such 
a construction, the lift augmenter is ineffective 
at low angles of attack which are established for 
the airplane, and, the airplane being in stable 
equilibrium from the action of the wing alone, 

35 stabilizer 3 is unessential, and merely rides in a 

4. 

4. 5 

neutral and ineffective position; but when the lift 
augmenter 30 is brought into use at high angles 
of attack which are established for the airplane, 
stabilizer 3 becomes necessary, and automatically 
comes into action, thru the agency of the unbal 
ance of the airplane tipping it as a whole, and 
thereby presenting the stabilizer 3 to the air at an 
effective angle of attack. This leads to the pres 
entation of another advantageous feature of the 

5 present invention. The purpose of establishing a , 
high angle of attack in an airplane is to raise the 
value of the lift coefficient to a high figure, gen 
erally for maintaining level fight at a minimum 

5 

speed, or to secure a favorable landing condition. 
In an ordinary airplane controlled by an elevator, 
in order to secure a minimum speed along the 
path, high angle of attack is attained by reducing 
or even reversing the direction of the tail load, 
so that it is either low, or else negative relative to 
that of the wing. Therefore, any assistance that 
might be desired from the empennage in assisting 
in sustaining the airplane, at the time when such 
sustentation is most needed, must be sacrificed. 
This sacrifice may be regarded as a serious defect. 

: 

In the airplane analyzed in Fig. 8, the horizontal 
tail surface 3 is at its most effective lifting condi 
tion at maximum established angle of attack, 
assisting in the attainment of extremely low 
speeds for landing. This results from the greatly 
reduced L/D ratio with the lift augmenter in ac 
tion at high angles of attack, which more than . 
compensates for the rearward location of the 
center of pressure by causing the inclination of 
the line of action to possess a relatively large 
forward component. This forward component 
becomes increasingly effective as greater distances 
are selected below the pivot point 2, of Figs. 1, 
2, 3, and 6, for the locus of the center of gravity 
of the airplane. Thus, it is clear that in the air 
plane analyzed in Fig. 8, not only are the advan 

tages hereinbefore described retained, but in add 
tion, valuable assistance is offered by the tail to 
increasing the maximum lift on the airplane at 
high angle of attack, and at low angle of attack 
there is no sacrifice in the form of a down load 
on the tail. 

In Fig. 9 two positions of a wing with a lift 
augmenter are shown to elucidate the operation 
of one form of mechanism for the exercise of this 
invention. A low angle position is shown in full 
lines, and a high angle position is shown in dot 
and dash lines. . A support , such as a strut of 
Fig. 1, or other suitable element in a fuselage f, 
Swingably supports a wing to about a shaft 2, 
permitting it to move from a low angle position 
OL to a high angle position OH. A mechanism, 

not shown here, but which might very well be 
that which will be explained later under Fig. 10, 
enables the pilot to move the wing O from OL 
to OH at will. At a suitable position forward of 
the trailing edge 38 of wing 10 hinges 7 are pro 
vided, to support shaft f8 for swingably support 
ing lift augmenter 6. A crank 9 is secured to 
lift augmenter 6 in a manner such that a con 
stant angular relation between crank 9 and lift 
augmenter 6 always prevails. Crank 9 is se 
cured preferably in rigid relation to shaft 8 for 
this purpose, shaft 8 being an integral part of 
lift augmenter 6. Crank 9 terminates in pin 
20, or other suitable cam follower, the design of 
which is well understood by those skilled in the 
art. A rigid member 58 is secured to any suitable 
part of the structure of fuselage in Fig. 1. Mem 
ber 58 is provided with a slot 2 engaging cam 
follower 20. Slot 2 is formed with its center 
line 39 a circular arc having the center of shaft 
2 as its center thruout the low and medium 

angle of attack range for wing 0, and departing 
from this circular arc 39 with an increasing com 
ponent of deviation toward shaft 2. The action 
of this device is as follows: Assume wing O at 
low angle adjustment fo. Lift augmenter 6L, 
Supported by hinges TL and shaft 8L is in its 
neutral position, and is constrained to remain so 
by crank 9L, positioned by cam follower 20L, 
engaged by slot 2. The pilot increases the angle 
of attack until wing 0 is at OH. This pushes 
shaft 8 down, carrying with it crank 9. Slot 2, 
by its contour, constrains follower 20 to move 
from 20L to 20H, bringing crank 9 to 9H, shaft 
8 to 8H, and lift augmenter 6 to 6H as shown 

in the dot and dash lines. Thus, by a proper 
proportioning of slot 2, any desired progression 
of lift augmenter 6, from its neutral position f6L 
to its fully active position, 6H may be obtained. 
For example, if it were desired to retain lift aug 
menter f6 in neutral until the maximum angle of 
attack for wing to was nearly attained, the de 
parture from the circular arc 39 with shaft 2 as 
its center, would be delayed, and perhaps depart 
ing along a radius toward center 2. When the 
axis of crank f9 lies near or coincident with a 
line joining the centers of shafts 2 and 8, small 
changes in angular movement of wing O cause 
large angular changes in lift augmenter 6. 

Fig. 10 shows a mechanical device suitable for 
the exercise of this invention in certain of its 
features. The wing 0, pivoted at a suitable 
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point on shaft. 2 hung in support , which may 
be strut of Fig. 1, or any other suitable mount 
ing is swingable to alter its angle of incidence, or 
in other words, the angle between its chord and 
the axis of fuselage . A strut, link, or other ap 
propriate device f3 is pivoted at 5 to wing 0. 
The other end of strut 3 is pivoted at 40 to bell 75 



6 

5 

wheel 48, rotatably retained in bracket 49, which 

O 

crank 4, which is fulcrumed at 42 to a bracket 
43 secured to any suitable portion of the struc 
ture of fuselage , Fig. 1. The other leg of bell 
crank 4 is provided with slot 44 in which pin 45 
is engaged. Pin 45 is secured to push-pull rod. 46, 
threaded on one end 47 to receive threaded hand 

is secured to some suitable portion of fuselage , 
Fig. 1, and is readily accessible to the pilot. The 
other end of rod 46 is provided with a key, spline, 
square, or other restraint against rotation 50, as 
sociated with slide which is secured to any ap 
propriate part of fuselage , Fig. 1. Beyond slide 
5 f, rod 46 terminates in a fork 52, located near the 
tail of the airplane. A pin 53 is adapted to engage 
fork 52, and is Secured to crank 54, which is rig 
idly secured to shaft 55, articulated in bracket 56. 

40 
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Bracket 55 is secured to a suitable member in the 
tail of fuselage , Fig. 1. Shaft 55 is an integral 
part of a horizontal tail surface 57. The opera 
tion is as follows: The pilot turns hand wheel 48 
in a certain direction, which pulls rod 46 and pin 
45, pin 45 thereby moving bell crank 4. Slot 44 
accommodates the relative vertical movement be 
tween bell Crank 42 and pin 45, avoiding jamming 
of the parts. Forward movement of slot 44 in 
duces upward movement of pin 40, thereby push 
ing strut 3 upward, and resulting in an upward 
shifting of the trailing edge 38 of wing O. By 
virtue of being pivoted at 2, the said upward 
movement of pivot 5 decreases the angle of in 
cidence of wing O. Simultaneously with this 
action, the forward movement of rod 46 pulls fork 
52 out of engagement with pin 53, allowing full 
free floating of flipper 5, to assume a zero lift 
angle of attack at all times. Key 50 sliding in 
slide 5 permits free axial movement of rod 46 
but prevents rotation. Movement of hand wheel 
48 in the opposite direction induces movement of 
the various parts in counterdirection, increasing 
the angle of incidence of wing 0, and locking 
flipper 57 in a fixed position. If desired, instead 
of such a fork as that shown at 52, some other 
shape could as well be made, for example, instead 

5 of the inner faces being straight lines as shown, 
they could be straight converging lines for a 
Certain distance, and then their direction change 
So that they terminate in parallel lines of just 
sufficient distance of separation to constrain pin 
53 against Swinging movement, thus maintaining 
flipper 57 as a fixed surface thruout a range of 
angular movement Of Wing O. Warious contours 
could also be applied to the constraining member 
in Substitution for fork 52, causing flipper 57 to 
assume a certain angle of attack for a certain 
wing setting, and other angles for other settings 
of wing O. 
While nothing is shown in Fig. 10 in the way. 

... of a lift augmenter, or operating means therefor, 
it is evident that such a device as that of Fig. 9 
or any other desirable device of such nature could 
readily be associated with the device of Fig. 10. 
In view of the fact that angle of attack varia 

tion is a means of speed control, the locking of 
tall surface 5 may be regarded as dependent on 
established speed; and also lift augmenter ad 
justment may be regarded as being dependent 

- on established speed. 
Many mechanical devices are useful for operat 

ing the airplane, according to this invention, and 
the incidence variation as well as the operation 
of the lift augmenter and the locking of the tail 
surface may be as well accomplished by pneu 
matic, hydraulic, or electrical means rather than 

75 by linkages or gears, 
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The mechanical means, however, are immate 

rial, or, at least, are not meant to be stressed in 
detail claims, as long as it is understood that a 
maximum lift coefficient at a high angle of at 
tack is the result to be obtained, and when stress 
ing the high angle of attack it should at the same 
time also be clear and understood that this is 
not at all necessarily to include a high angle of 
incidence of the general conception. 
This is perhaps best made clear by referring 

to a variation of general construction over what 
has been set forth above with reference to the 
illustrations of Figs. 1, 2, 3, 9 and 10, 

It should be clear from what has been explained 
above with reference to the illustrations in Figs. 
4 and 5 in particular, but also with reference to 
the illustrations in Figs. 6, 7, and 8 in general, that 
the principal feature of this invention is equally 
well applicable to various and distinct forms of 
airplane constructions. 
One of such different or distinct constructions 

is outlined in Fig. 11, involving the well known 
general principle of shifting the location of the 
center of gravity. 
In this illustration of Fig. 11, however, this 

otherwise well understood principle is made ap 
plicable to the principal feature of the present 
invention by operatively connecting the variable 
gravity feature to the lift augmenter control 
feature of the present invention. 
As illustrated, the wing 0 of the general char 

acter of Figs. 4, 5, and 6 is here rigidly mounted 
on the body of an airplane, while the augmenter 
6 is pivotally mounted at 8 by means of the 
hinge or support 7 on the wing in a similar man 
ner as in the forms illustrated in Figs. 1, 2, 3, 
and 9. 
A weight 9, suitably heavy to control the 

gravity of an airplane is movably mounted on the 
member 8, held against rotation by the member 
60 on the supports 6,62, and 63, the member 8 
being turnable by the motor 64, whereby the 
shifting movement of the weight is procured in 
such a manner as to vary the location of the cen 
ter of gravity of the whole airplane on which this 
mechanism is provided. 
For operating this gravity control, leads 65 and 

66 with the terminal contacts 6 and 68 can be 
brought into a circuit by means Of the Switch 69 
through the leads 70, 7, and 72, a battery 73 
being indicated as a motive force grounded by 
means of the lead 74 to the supporting member 
60. Distinct and independently operating sole 
noids 75 and 76 are provided to act on a common 
member 82, connected by link 83 to the lift aug 
menter 6 at 84. 
While the lead 72, coming from the battery 73, 

connects to both solenoids 75 and 76, a separate 
lead connects with the One Solenoid 75 and 
another separate lead 78 connects with the other 
Solenoid 76. The opposite end of the lead 77 con 
nects with the contact bar 79, and the opposite 
end of the lead 78 connects with the contact bar 
80, a contact-making piece 8 being provided on 
the weight 9 whereby the circuit is closed as the 
weight moves along the member. f8 through 
either the bar 79 or the bar 80. 
The solenoid 75 is designed so that the aug 

menter 6 is held steadily in neutral or inoper 
ative position, as far as any undue lift-augment 
ing is concerned, as long as the circuit is closed 
through the bar 79; while the solenoid 76 is de 
signed to cause a downward tilting of the aug 
menter 6 whenever the circuit is closed through 
bar 80, 
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2,104,000 ' 
no other effect than to come to balance with A changing of the location of the center of 

gravity in the whole airplane by means of the 
movements of the weight 9 causes the airplane 
to assume a corresponding angle of attack, and 
at any change of angle of attack the augmenter 
is automatically adjusted to the corresponding 
position with due regard to a maximum lift coef 
ficient if designed in agreement with the prin 
ciples of this invention. 
Another of such different and distinct con 

structions is outlined in Fig. 12, with details in 
Figs. 13 and 14, the illustration in Fig. 12 involv 
ing the well, known general principle of longitudi 
inal Control by means of an elevator at the tail 
end of the airplane, particularly involving the 
Handley Page slots and flaps arrangement, re 
ferred to in lines 74 and 75, page 2. 
In Fig. 12, wing O is not necessarily of the spe 

cific character repeatedly described, but may be 
of any character, the wing being, nevertheless, 
rigidly mounted on the body f. Augmenter 6 
is mounted similarly as in the other forms, but 
in this case provided with an extension or lever 
portion foo with a pin of, connected by the rod 
02 with the piston 7 in the cylinder 63, 
mounted on the support. O4, the rod having col 
lars 0 and for actuating the shutter fo8 by 
means of the portion 109. The shutter f08 serves 
to control a leading-edge slot 07 in the wing O. 
A spring f6 is inserted in the cylinder to coun 
teract on the piston when the pressure is released 
for returning the pistOn to neutral position. 
An elevator 4 is swingably mounted in the tail 

end of the airplane on a shaft 22, which is in this 
case provided with a hollow 85. This elevator is 
provided with a device, variously designated as 

"pilot vane', or 'flettner flap' 86, 
mounted by means of pin 87 and support 88. 
Tab 86 is provided with an extension or lever 

portion 89 with a pin 90, connected by rod 9 to 
piston f 4 in the cylinder 92, having a spring 3 
inserted to counteract the pressure in this cyl 
inder, the cylinder being mounted on the sup 
port 93. w 
A two way valve 96 is provided with a han 

dle '97, located within easy access of the pilot of 
the airplane. A pressure reservoir 98 serves to 
supply the motive force or pressure. Raising the 
handle 9 operates the valve 96 to pass the pres 
sure into the line 95, and lowering the handle re 
leases the pressure through the outlet 99. 
The applied pressure passes through the line 95, 

into the branch 05 with the flexible portion 06 
as well as into the flexible portion 94 in the hol 
low shaft 22. The flexible portions serve to take 
care of vibrations and movements of the cylin 
ders, the portion 94 being extended into the shaft 
22, which, of course, must be free to turn, and 
terminates by way of the orifice 5. . . . . . 
When pressure is thus applied, spring 3 offer 

ing less resistance than spring f6, being particu 
larly proportioned in this manner, rod 9 moves 
out, tipping 'tab' 86 down, which acts aero 
dynamically in a well known manner to establish 
the angle of incidence of elevator 4, which in 
turn reacts aerodynamically to establish the an 
gle of attack of the wing 0, or, in this case of 
the whole airplane, relative to its path until for 
any particular setting of “tab' 86 stable equi 
librium is established at a definite angle of attack 
at which the airplane persists in flying until 'tab' 
86 is again adjusted. 
Throughout a predetermined incidence range 

for the elevator 4, spring f 3 and the pressure 
from the reservoir 98, controlled by valve 96, have 

the description with reference 

7 

piston 4 somewhat between its two extremes of 
movements, . . . 

However, when spring 3 has been fully com 
pressed by the pressure upon the piston 4, it 
acts as a stop to prevent further movement and 
lets the pressure build up as the handle 97 is 

5 

further actuated until the pressure is sufficient 
to overcome the resistance of spring i? 6, there 
by actuating rod O2, causing augmenter 6 to 
assume an active position, as well as opening shut 
ter 08, bringing slot OT into action. 
Of course, either slot 107 or augmenter 6 could 

be eliminated without interfering with the action 
of one or the other as will be clear to those skilled 
in the art, but the combined action of the slot 

10 

and the augmenter is readily accomplished by 
the described means, and this combined action 
is well known to be very, efficacious as a lift aug 
menting means referred to in the beginning of 

to Handley Page 
slot and flap. 
From the above it should be understood that 

a lift augmenting device designed and arranged 
according to this invention can be made to raise 
the value of the lift coefficient above a maximum 
at a high angle of attack of a wing. On the other 
hand, a hydraulic cylinder and piston could be 
substituted for the bell crank 4 of Fig. 10, which, 
when a predetermined value of angle of incidence 
is attained, comes to the end of its stroke, and at . 
the same time opens a valve communicating with 
another hydraulic cylinder associated with crank 
9. Thus, control movements by the pilot could 
be made to increase the incidence up to a certain 
point, and then, further hand movements would 
bring lift augmenter 6 into increasingly oper 
ative positions. 

20. 

30 

The mechanical device shown in Fig. 10, but, 
with members 52, 53, 54, and 56 eliminated, and 
stabilizer 57 immovably secured to anchor. 56 by 
any well known means, is adaptable to another 
feature of the invention. If a wing of the chair 
acter of Fig. 4 were mounted with point 59, where 
the lines of action 1, 8, 14 etc. all converge and 

. Substantially all intersect each other on the cen 
ter, of gravity of the airplane, and if the pivot (2 
were also located at or substantially at this same 
point, 59, then variations in the incidence of 
Wing chord 24 would not disturb the balance of 
the airplane, and variations in angle of attack 
due to changes in the attitude of the airplane rel 
ative to its path would likewise not disturb the 
balance of the airplane. The airplane would be 
in equilibrium at any position of incidence ad 
justment, but it would always be in neutral equi 
librium. The addition of a fixed stabilizer in the 
tail of the airplane would readily correct this and 
put the airplane in stable equilibrium, because, 
the stabilizer would carry neither an up nor a 
down load normally, but the slightest deviation 
from a neutral position would create a relatively 
heavy restoring moment even though a small area, 
of tail were used. 

It is manifest that numerous variations in de 
tail could be made, and yet accomplish the same 
results as the Specific devices, shown and de 
scribed hereinbefore. Therefore, the spirit 

tion. . . . 
It should finally be understood that, when the 

principles of this invention are applied to various 
distinct forms of airplanes or airplane construc 
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rather than any specific details as shown should 
be construed as constituting the present inven 

tions, it is most positively not so much concerned 5 
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about any change of incidence, though in 
cidentally a change of incidence may become 
involved, but rather the change of angle of at 
tack controllable by and causing control of other 
auxiliary means whereby any changing of at 
tack beyond a certain acute point makes any 
sort of airplane more efficient and more safe, by, 
particularly, making it impossible that the aug 
menting device can be brought into play or into 
action before the airplane has been operated 
through a considerable movement from a low 
angle of attack to a certain acute point of the 
whole range of movements towards a high angle 
of attack, involving that a plane must be op 
erated from a low angle of attack, regardless of 
the direction, whether in level flight, rising, or 
landing direction, to a suitable higher angle of 
attack beyond the danger or acute point, or be 
yond the danger zone of the movements for 
changing from a low to a high angle of attack 
up to the acute point, before the augmenting 
device can be brought into action. 

Having described my invention, I claim: 
1. In an aircraft having a body, a wing pivot 

ally mounted on said body about a pivot in the 
forward part of the wing and comprising a main 
wing section and a trailing edge flap pivoted on 
said main section for movement with respect 
thereto, mechanism to positively swing said wing 
about its pivotal mounting, a control member 
secured to said flap, said body having guide 
means comprising one portion concentric with 
the pivot of the Wing and another portion non 
concentric therewith, said portions cooperating 
with Said control member whereby the flap is 
held in alignment with the said main section dur 
ing the first portion of the downward pivotal 
movement of the wing from its normal setting 
on the body and is displaced downwardly rela 
tive to the main section throughout the re 
mainder of the downward pivotal movement 
of the Wing. 

2. In an aircraft with a wing operative by 
means for changing the angle of attack through 
out distinct primary and Secondary ranges dur 
ing a normal flight designed and arranged to 
create a normally maximum lift coefficient at 
an effective high angle of attack and includ 
ing a lift augmenting device movably mounted 
on the Wing, the primary range including all 
positions between the lowermost up to the 
highest low angle of attack, and the secondary 
range including all positions above said highest 
low up to the highest high angle of attack in 
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which a normally maximum lift coefficient is 
effective; a control device disposed on the aircraft 
and in operative connection with the lift aug 
menting device having control-means for the 
primary range whereby the lift-augmenting de 
vice is maintained inoperative and including dis 
tinct other control-means for the secondary 
range whereby the lift-augmenting device is 
brought into action with an increase above said 
normal maximum lift coefficient. 

3. In an aircraft with a wing operative by 
means for changing the angle of attack through 
out distinct primary and Secondary ranges with 
respect to a normal flight direction designed and 
arranged to create a normally maximum lift co 
efficient at an effective high angle of attack and 
including a lift augmenting device swingably 
mounted on the Wing, the primary range includ 
ing all positions from the lowest angle up to a 
point in which the lift coefficient has values be 
tween 40% and 99% of Said maximum, and the 

9,104,008 
secondary range including all positions above 
said point up to the highest high angle of attack 
in which a normally maximum lift coefficient 
is effective; a control device disposed on the air 
craft and in operative connection with the lift 
augmenting device having control-means de 
signed for continuance-positioning for the pri 
mary range whereby the lift augmenting device 
is automatically maintained inoperative by the 
operation of the wing during said primary range 
and including distinct other control-means de 
signed for variable-positioning whereby the lift 
augmenting device is automatically brought into 
action by the operation of the wing during said 
Secondary range with an increase above said 
normal maximum lift coefficient. 

4. In an aircraft embodying a wing with a lift 
augmenting device and including operating 
means by which the angle of the wing chord to 
the path of the air stream can be changed to 
the extent of distinct primary and secondary 
ranges during the normal flight of the aircraft, 
the primary range including all positions be 
tween the lowermost up to the highest low angle, 
and the secondary range including all positions 
above Said highest low up to the highest high 
angle; a control device disposed on the aircraft 
and in operative connection with the lift aug 
menting device having distinct control means 
for the primary range whereby the lift augment 
ing device is maintained inoperative and in 
cluding other distinct control means for the 
Secondary range whereby the lift augmenting 
device is brought into action with an increase 
of the lift coeficient of the aircraft. 

5. In an aircraft with a center of gravity and 
a wing of the class described wherein the lines 
of action of aerodynamic reactions progress con 
secutively from front to rear throughout the 
flying range at a level of the center of gravity 
of the aircraft and including a lift agumenting 
device whose action modifies the progression of 
said lines of action, said range constituting dis 
tinct primary and secondary portions, the pri 
mary portion including all positions between the 
lowermost up to the highest low angle, and the 
Secondary portion including all positions above 
said highest low up to the highest high angle; 
a control device disposed on the aircraft and in 
Operative connection with the lift augmenting 
device having distinct control means for the pri 
mary portion whereby the lift augmenting device 
is maintained inoperative and including other 
distinct control means for the secondary portion 
whereby the lift augmenting device is brought 
into action, and an auxiliary aerodynamic sur 
face Secured to the aircraft in longitudinal 
Spaced relation to the wing designed and ar 
ranged to exert a moment about said center of 
gravity while said augmenting device is in ac 
tion and to exert no moment about said center 
of gravity when said lift augmenting device is 
maintained inoperative. 

6. In an aircraft with a wing operative by 
means for changing the angle of incidence dur 
ing a normal flight in Such a manner as to also 
change the angle of attack in form of distinct 
primary and secondary ranges and arranged to 
create a normally maximum lift coefficient at an 
effective high angle of attack, the primary range 
including all positions between the lowermost up 
to the highest low angle, and the secondary 
range including all positions above said highest 
low up to the highest high angle; an auxiliary 
aerodynamic surface in longitudinally spaced 
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relation to said wing mounted to swing freely on 
the aircraft and having a control means, and a 
mechanism in Operative connection with the 
means operating the wing including a locking 

O 

5 

member so designed and arranged as to leave 
said control means and therewith the auxiliary 
surface free to swing while the aircraft is within 
said primary range and to firmly engage the 
control means for holding said surface in pre 
determined fixed relation to the aircraft within 
said secondary range. 

7. In an aircraft with a wing operative by 
means for changing the angle of incidence during 
a normal flight in Such a manner as to also 
change the angle of attack in form of distinct 
primary and secondary ranges serving as a speed 
controlling means and arranged to create a nor 
mally maximum lift coefficient at an effective 
high angle of attack, the primary range includ 

9 
ing all positions between the lowermost up to 
the highest low angle suitable for high speed, 
and the secondary range including all positions 
above said highest low up to the highest high 
angle appropriate for low speed; an auxiliary 
aerodynamic surface in longitudinally spaced re 
lation to said wing mounted to swing freely on 
the aircraft and having a control means, and 
a mechanism in Operative connection with the 
means operating the wing including a locking 
member so designed and arranged as to leave 
said control means and therewith the auxiliary 
surface free to swing while the aircraft is within 
said primary range and furthermore so designed 
and arranged as to firmly engage the control 
means for holding said surface in predetermined 
fixed relation to the aircraft within the secondary 
range. 

JOHN MICK, BAOU. 
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