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The invention is primarily useful in aircraft
of the roiary wing type, such as Autogiros, heli-
copters, gyrodynes and the like. By way of illus-
tration the invention wil be shown and described
as incorporated in a helicopter, as to which it
‘has particular advantages.

The invention relates particularly to means
for modifying the effective pitches of the rotor
blades. It has been the more ustial prior prac-
tice to so connect the blades with the hub that
they can be adjusted bodily about axes perpendic-
ular to the axis of rotation and extending longl-
tudinally of the blades. It has also been pro-
posed alternatively to provide the blades with
‘flaps which can be adjusted so that the aero-
dynamic actions of the flaps are added to or sub-
tracted from those of the bades. One of the im-
portant objects of the present invention is to
provide a rotor having resilient or torsionally ac-
tuated blades, the inner ends of which are rela-
tively fixedly connected with the hub so that
badily rotation at the root is prevented about axes
extending longitudinally of the blades and fo pro-
vide flaps on the blades which are s0 designed,
positioned and controlled that aerodynamic ac-
tion thereon serves to twist.the blades in opposi-
tion to their own resiliency so as to change the
effective pitches thereof. This greatly simplifies
the connection of the blades with the hub and
eliminates the necessity for retention bearings
and all associated problems of fatigue life and
control friction, it makes possible the use of a
much lighter and more easily handled control
mechanism, and it has numerous other advan-
tages which will be pointed out in detail. In a
rotary wing aircraft, such as a helicopter, the

adjustment, of the flaps serves to control vertical

and horizontal motion.

A further object of the invention is to provide
a rotary wing aircraft wherein the rotor is piv-
otally movable relatively to the main vertical
shaft about a horizontal axis and wherein there
are flaps on the blades thereof which are ad-
justed during rotation to eliminate, or at least
greatly reduce, the tendency of the rotor to
oscillate about the said horizontal axis.

A still further object of the invention is to
effect the last said automatic control of the rotor
by utilizing the same flaps which are connectéd
with the rotor blades to cause twisting thereof.

A still further object of the invention is to
utilize the flaps connected with the blades to ef-
fect twisting thereof In such a manner as to
minimize pendular oscillatory motion of a heli-
copter during hovering. ' :
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Other objects of the invention will be apparent
from the drawings and from the following speci-
fication and claims.

In the drawings I have shown in detall a pre-
ferred embodiment of the invention, but it will
be understood that various changes may be made
from the construction shown, and that the draw-
ings are not to be construed as defining or lmit-
ing the scope of the invention, the claims forming
a part of this specification being relied upon for
that purpose.

Of the drawings,

Pig. 1 is a front view of an aircrait having my
invention incorporated therein.

Pig. 2 is a left side view.

Fig. 3 is a plan view.

Fig. 4 is an enlarged plan view showing a por-
tion of one of the wings and the adjustable flap
carried thereby.

Pig. 5 is a front view of the parts shown in
Fig. 4. )

Fig. 6 is 8 fragmentary sectional view taken
along the line 6—8 of Pig. 5. :

Pig. 7 i1s a vertical sectional view taken along
the line T—1 of Fig. 6..- .

Fig. 8 is a horizontal'sectional view taken along
the line 8-8 of Fig. 7. - Lo

Fig. 9 is a view similar to Flg. 8 but showing
some of the parts on an enlarged scale.

Fig. 10 is & transverse sectional view taken
along the line 10-~18 of Fig. 9. '

- Fig. 111s a view similar to Fig. 7 but showing an
alternative mounting for the adjustable flap.

Figs, 12 and 13 are fragmentary transverse sec-
tional views taken at different planes along the
leading edge portion of one of the blades. )

Pig. 14 is an enlarged plan view of one of the
main hubs, together with portions of the wings
carried thereby, a portion of this view being in
section along the line 14— 14 of Fig. 15,

Fig. 15 is a side view of the parts shownin
Fig. 14. !

Fig. 16 is g fragmentary vertical sectional view
taken along the line 16—18 of Fig. 14. ’

Fig. 17 is a vertical sectional view taken along

the line {T—17 of Fig. 14,

Fig. 18 is a vertical sectional view taken along
the line 18—i8 of Fig. 17.

Fig. 19 is a fragmentary view, partly in section,
showing the lower portion of the drive shaft and
immediately associated parts.

Fig. 20 is.a schematic view showing the manu-
ally operable control mechanism.

In Figs. 1 to 3 of the drawings I have shown an
aircraft of the helicopter type having rotary
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wings and control mechanisms therefor which
embody the invention. The structure of the heli-
copter may be widely varied and the particu-
lar structure shown is intended to be merely
illustrative.

The helicopter as illustrated in the drawings
comprises & fuselage 10 provided with landing
wheels 12 and {4, (4. The fuselage may carry
stabilizers 16, 16 having vertical fins (8, 8.
Mounted within the fuselage is a suitable power
plant which is not shown, as this does not of
itself constitute any part of the present invention.

Rotatably mounted in suitable bearings in the
fuselage is at least one substantially upright or
vertical supporting and driving shaft 20. Se-
cured to the shaft 20 at the upper end thereof is
& hub 22 to which is connected a blade support
23 carrying a plurality of aerofoil blades 24, 24
which are uniformly spaced circumferentially.
As shown, there are two blades 24, 24 connected
with the support 23 and there are important
advantages in the provision of only two blades as
will presently appear. However, the invention
as to some of its aspects is not limited to the use
of only two blades and a larger number may be
used.

Preferably there are two supporting and driv-
Ing shafts 20 as shown in Fig. 1, each of them
being provided with & hub 22 and with a blade
support 23 connected with blades 24, 24. When
there are two shafts and two rotors the shafts
are preferably inclined and diverge upwardly as
shown. The two shafts are connected by gearing
or otherwise to the power plant so that they can
be rotated thereby in synchronism but in oppo-
site directions. The blades 24, 24 and the blade
support 23 of one rotor are similar to the blades
24, 24 and the blade support 23 of the other rotor
except that these parts are oppositely shaped to
conform to the respective directions of rotation.
As clearly shown in Fig. 3, the hubs and the
blades are so connected with the respective shafts
20, 20 that the blades on one rotor are longitudi-
nal when those on the other rotor are transverse.
This arrangement, together with the diverging
inclinations of the shafts 20, 20 enables the blades
of the two rotors to clear each other as they
are rotated. The rotation of the rotors in op-
posite directions avoids any tendency for the re-
active forces to turn the aircraft, as these re-
active forces, being in opposite directions, normal.
ly neutralize each other. Notwithstanding the
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inclinations of the shafts 20, 20 they will for .

convenience be referred to as “substantially ver-
tical” and certain parts carried by the shafts
will for convenience be referred to as “substan-
tially horizontal.”

By means of the common support 23 the blades
24, 24 of each rotor are relatively fixedly secured
to the corresponding hub 22, that is, they are
connected for bodfiy rotation with the hub but
are rigidly held to prevent any relative rotative
movements of the root portions- thereof about
axes extending* longitudinally of the blades.
The blades preferably have positive dihedral an-
gles as shown.

The outer end portions of the blades 4, 24
calTy auxiliary serofoil flaps 26, 26 which are so
positioned and which can be so adjusted or moved
as to enable the operator to control the opera-
tion of the aircraft. Each flap 26 is spaced trans-
versely, preferably to a substantial extent, from
the longitudinal mean axis of the blade. 'The
term “transversely” is used to indicate spacing
In the plane of rotation, and unless otherwise
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stated it may include either forward spacing op
rearward spacing. The flap is shown as spaced
forwardly from the said mean axis so as to be ad-
jacent the leading edge of the blade. As shown,
the flap 26 is not only spaced transversely from
the blade but is also spaced axially with respect
thereto. The term ‘‘axially” is used in connec-
tion with the positioning of the flaps to indi-
cate spacing in the direction of the axis of rota-
tion, and unless otherwise stated it may include
either spacing in the direction of the aerody-
namic action of the rotor or in the opposite di-
rection. The direction of aercdynamic action is
the axial direction in which the rotor tends to
move. In the case of a rotor for a rotary wing
aircraft the term “axially” may include either
upward spacing or downward spacing. The Hap
may be spaced either upwardly or downwardly,
and one advantageous form of construction and
mounting for the flap 26 is shown in detail in -
Figs. 4 to 10 wherein the flap is spaced upwardly.
Reference will be had to these figures for a de-
tailed description. :

The main body of the blade 24 is shown as be-
ing formed of wood which may be laminated in
accordance with usual practice, but the inven-
tion is not limited to a blade formed of wood nor
to a blade of solid construction. When the blade
is formed of wood the cross-sectional area at the
root pox‘*bion is preferably greater than the ¢ross-
sectional area at any other portion. Projecting
forwardly from the blade 24 is an arm 28 which
may comprise a single strip of metal bent into
U-shaped form with the ends thereof seated in
depressions formed in the blade and held by
bolts 30, 30. The sides of the space between the
top and bottom walls of the metal strip are
closed by vertical walls 32. When the flap 26 is
spaced upwardly, the arm 28 carries an upwardly
extending support in the form of two upwardly
extending brackets 34, 34 which are spaced apart
transversely of the arm and longitudinally of
the blade, these brackets being secured to the
arm 28 by welding or otherwise. To provide
lateral rigidity one of the brackets 34 is sup-
ported by a diagonal strut 35, .

The aerofoil flap 26 is preferably formed of
laminated wood but the invention is not limited
to a flap formed of wood nor to a flap of solid
construction. The flap is provided with a cen~
tral recess into which the upper ends of the
brackets 34, 34 extend. Positioned within the
sald recess and extending through apertures in
the upper ends of the brackets 34, 34 is a sub-
stantially horizontal pivot rod 36 on which are
mounted two anti~friction bearings 38, 38. The
outer races or housings of these bearings are
suitably connected with strips 42 and 88 seated
in depressions in the body of the flap and held
in place by bolts 46, 46. It will be seen that this
construction permits the flap to move angularly
about a substantially horizontal axis extending
longitudinally of the blade, that is, about an axis
substantially parallel with the mean axis of the
blade.

For moving the flap angularly, there is pro-
vided a downwardly extending horn 43 rigidly
secured to the outer housing of one of the bear-
ings 38, the lower end of the horn extending
through a slot 58 into the space within the
hollow arm 28. As shown, the horn 48 comprises
two metallic plates, the lower ends of which are
separated as shown in Pigs. 5 and 6. Suitable

‘mechanism is associated with the horn 48 for

controlling the angular adjustment or movement
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of the flap 26. Tnis mechanism may be widely
varied but one example includes a tension ele-
ment §2 connected with the horn. The tension
element 52 can move the horn 48 in one direc-
tion only, and when such a tension element is
used & spring is provided for biasing the flap and
the horn for movement in the opposite direction.
As shown, the flap 26 is biased for movement in
the clockwise direction, as viewed in Fig. 7, by
means of 2 coil spring 54 surrounding the pivot
rod 36. One end of the spring engages one of
the brackets 34 as shown in Fig. 5, and the other
end of the spring engages the horn 48. The
spring is substantially loaded so as to tend to
firmly hold the flap in its extreme clockwise posi-
tion, ’

The forward end of the tension element 52 is
connected with the horn 48 by means of an
apertured member §6 which receives a pin ex-
tending transversely between the two plates of
the horn 48, as shown in Fig. 6. The tension
element is shown as being a flat metallic strip,
and this strip passes around a sheave 58 rota-
table on a vertical pin extending between the top
and bottom walls of the arm 28. The lower end
portion of the horn 48 is slightly twisted to con-
form to ‘the angle of the strip 52. From the
sheave 58 the strip 52 extends longitudinally of
the blade adjacent the leading edge thereof to
the hub 22. It will be seen that when the tension
in the element §2 is at its maximum, the flap 26
is held in its extreme counterclockwise position,
overcoming the tendency of the spring §4 to move
the flap in the clockwise direction. When the
tension in the element 52 is decreased, the flap
is moved in the clockwise direction by the spring.
The flap can thus be adjusted by means of the
tension element to any desired angular position
within predetermined limits. .

While tension members 52 and {24, (26, with
associated biasing springs, have been shown and
described for adjusting the flaps, the invention
is not sp limited and other suitable flap adjust-
ing means may be substituted. For instance the
tension members may be replaced by rods
adapted to both push and pull, together with bell
cranks for operating the rods. With this con-
struction the spring 54 could be omitted. :

Fig. 11 shows an alternative construction and
mounting for the flap, this being similar to the
showing in Figs. 4 to 10 except that the flap is
spaced downwardly from the blade rather than
upwardly. Projecting forwardly from the blade
24 is an arm 62 which is similar to the arm 28.
The arm 62 carries two downwardly extending
brackets 64 which are similar to the brackets 34,
34. A flap b6 is provided which is similar to the
flap 26 and which is connected with the brackets
64 in the same manner that the flap 26 is con-
nected with the brackets 34, 34. - For moving the
flap 66 angularly there is provided an upwardly
extending horn 68 similar to the horn 48, the
upper end of the horn extending through a slot
in the lower wall of the arm 62 and being con-
nected with the tension element 52 in the manner
already described. A spring 70 is provided which
is similar to the spring 53 but which is con-
nected to bias the flap 66 for movement in the
counterclockwise direction. It will be seen that
when the tension in the element 52 is at its mini-
mum, the flap 86 is held by the spring in its ex-
treme counterclockwise position. When the ten-
sion In the element 52 is increased the flap will
be moved in gpposition to the spring to any de-
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sired angular - position within predetermined
Umits,

Whether the flap is spaced upwardly as shown
in Figs. 4 to 10, or downwardly as shown in Fig.
11, the main body of the blade extending in-
wardly from the arm 28, or from the arm 82, is
cut away at the leading edge to provide a space
or opening for the tension element or strip b2.
This space is enclosed by a leading edge member
¥2 which conforms to the required shape of the
blade. As will be presently explained, the strip
extends at the hub over a pulley having a sub-
stantially horizontal axis, and it is therefore
necessary for the strip to be twisted through a
net angle of 90° between the sheave §8 and the
hub pulley. Actually, in order to minimize vibra-
tion, the strip may be twisted through a larger
angle, as for instance 270°. The strip 62 is pref-
erably supported within the space or opening
enclosed by the member 12 by means of slotted
guide blocks as shown in Figs. 12 and 13. Fig.
12 shows a block 74 for supporting a portion of
the strip which is horizontal, and Fig. 13 shows
a block 76 for supporting a. portion of the strip
which is at an angle of 45°.

It has already been stated that the support 23
of each rotor serves to hold the blades 24, 24
thereof so that they are relatively fixed with re-
spect to the hub 22, being bodily rotatable in
unison with the hub, but nevertheless -held to
prevent any relative rotative movements of the
root ends thereof about axes extending longitu-
dinally of the blades. While the blades are con-
nected with the hub to the extent above stated,
they are nevertheless capable of limited pivotal
movements, in unison about a substantially hori-
zontal axis which is perpendicular to the axis of
rotation. The details of the hub and of the con-
nection thereof with the rotor are shown in Figs.
14 10 18, and reference will be had to these figures
in the following description.

Each of the blade supports 23 preferably com-"
prises substantially parallel top and bottom plates
82 and 84 which at their outer portions conform
in transverse contour to the transverse contour
of the blades. 'The inner portions of the plates
82 and 84 are connected, as for instance by weld-
ing, with vertical plates 86, 86, the said four
plates at the central portions thereof providing
a space which is rectangular in transverse sec-
tion. Each support 23 is provided at the center
with a flat-sided hollow member 88 which ex-
tends vertically between the top and bottom
plates 82 and 84, the said plates being provided
with openings conforming in shape to the shape
of the said hollow member. Thus the said hollow
member, together with the said openings in the
top and bottom plates, provides a vertical well
90 extending entirely through the support 23.
The corresponding supporting and driving shaft
20 extends entirely through the well 90 and pro-
Jects somewhat above the top plate 82. The said
shaft 20 is hollow and the upper portion thereof
is provided with an outer sleeve or tube 92.

The side plates 88, 86 are provided with upward
extending ears 94, 94, these being apertured to
receive horizontal bearing housings 96, 96 which
are welded in place. The shaft 20 and the sleeve
82 are transversely apertured near their upper
ends to receive a horizontal bushing 98 which is
welded or otherwise secured in place. A hori-
zontal pivot pin 100 extends through the bushing
88 and also through the bearing bushings 86, 86.
Interposed between the pin (00 and the bearing
bushings 96, 96 are antifriction bearings 102, 102,
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At the outer ends of the bearings 102, {02 are end
caps 104, {04 held in place by nuts 106, (08 en-
gaging the pin 108, It will be seen that by means
of the construction described, the support 23 and
- also the rotor blades 24, 24 are connected with
the shaft 20 for rotation therewith, but are never-
theless pivotally movable in unison with respect
thereto about the axis of the bearing pin 1060,
which axis is substantially horizontal.
" Extending transversely across the shaft 20 and
its sleeve 82 is a small shaft 108 which is below
and parallel with the pivot pin (00. Rotatably
mounted on the shaft (08 and also rotatable in
bearing bushings 110 in apertures in the shaft
20 and the sleeve 92 are two similar bushings
142, $12. The shaft 108 and the bushings 12,
142 project outwardly beyond the shaft 20 and
the sleeve 82 and through the flat side walls of
the member 88 forming the well 80. The said
slde walls are slotted at 114, as shown in Figs. 16
and 18, to permit the support 23 and the member
88, together with the blades 28, 24, to move pivot-
ally about the axis of the pivot pin 100. The left
hand bushing (12, as viewed in Fig. 17, carries

at its outer end a pulley ¢16 which is rigidly »

secured to it, and also carries at its inner end &
pulley !18 which is rigidly secured to it. Simi-
larly, the right hand bushing 112 carries at its
. outer end a pulley 120 which is rigidly secured to

it and 4also carries at its inner end & pulley 122 .

whieh is rigidly secured to it. It will be observed
that the pulleys 116 and 120 are located in the
spaces between the side plates 86, 86 of the sup-
port 23 and the side walls of the member 88.

As viewed in Fig. 18, the tension strip §2 for

the right hand blade and flap is secured to and
wrapped partly around the pulley {46 from the
bottom thereof. A tension strip 124 is secured
to and wrapped partly around the pulley {18
from the right side thereof.
Figs. 17 and 18 it will be seen that when the strip
124 is permitted to move upward, the said strip
can wind on the pulley {18, thus permitting the
said pulley to move in the ¢ounterclockwise di-
rection. This permits the corresponding strip 52
to unwind from the pulley 116 and to move in
the direction indicated by the arrow. This move-
ment of the strip §2 permits the corresponding
flap 26 to move in the clockwise direction, as
viewed in Fig. 7, under the infiuence of the spring
54, the pitch of the flap being thus increased.

As viewed in Flg, 16, the tension strip 52 for
the left hand blade and flap is secured to and
wrapped partly around the pulley 120 from the
bottom thereof, A tension strip 126 is secured
to and wrapped partly around the pulley 122 from
‘the left side thereof. By reference to Figs. 16 and
17, it will be seen that when the strip 126 is
permitted to move upward the said strip can wind
on the pulley 122 thus permitting the said pulley
to move in the clockwise direction. This permits
the corresponding strip 52 to unwind from the
pulley 120 (shown in Flg. 16) and to move in
the direction indicated by the arrow. This move-
ment of the sirip 52 permits the corresponding
flap 26 to move-in the clockwise direction, as
viewed from the tip of its blade, under the influ-
ence of its spring §4, the pitch of the flap being
thus increased.

From the foregeing description, it wil] be seen
that the flaps 26, 26 of the two blades may be
moved in the clockwise or pitch increasing direc-~
tions by permitting the strips {28 and 26 to
move upward so that the flap biasing spring 54
can act. When the strips 124 and i26 are moved

By reference to .
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downward the blades are moved In the counter-
clockwise or pitch decreasing directions in oppo- )
sition to the springs 54. : :

Fig. 19 shows the lower end portion of the shaf
20 and the parts carried thereby. The strips 124
and {26 extend downward through the shaft and
are guided outward through slots therein around
pulleys i28 and 130 carried by the shaft. Pro-
jecting downward from the lower end of the shaft
20 is g stud 132 having a ball 134 at the lower end
therecof, The ball i34 engages a ball socket 138
in a spider or azimuth plate 38 having rigidly
connected oppositely extending arms {40 and 142,
The lower ends of the strips (24 and 126 are
connected with the ends of the arms 140 and
182 by means of ball sockets {44 and 146. In
order to insure rotation of the spider 138 in uni-
son with the shaft 20, the said parts are con-
nected by means of pivoted links (48 and 5.
Projecting downward from the spider is a stud
162 having a ball 158 at the lower end thereof.
The ball 154 engages a ball socket 1568 which is
movable by a suitable mechanism such as that
shown schematically in Fig. 20, The flexible
strips 52, 52 and (24, 126, together with the parts
directly coacting therewith including the ball i54,
constitute one example of relatively movable flap
moving connections extending from the flaps to
the fuselage, the said connections being relatively
movable with respect to the fuselage. When
there are two rotors there are two sets of such
relatively movable flap moving connections.

It has been stated that the blades 24 may be
formed of wood in accordance with usual prac-
tice. FEach blade, whether formed of wood or
otherwise, is capable of suhstantial twisting abhout
its longitudinal mean axis and with. respect to
its nonrotatable root portion so as to change its
effective pitch. The blade has torsional resil-
iency which causes it to be restored to its initial
normal shape after twisting. In accordance with
the invention the areodynamic action of the flaps
26 is utilized to torsionally twist the blades dur-
ing rotation so as to change the effective pitches
thereof to definitely détermined extents. Twist-
ing takes place progressively from the root por-
tion to the flap. Bach flap is spaced transversely
from fhe longitudinal mean axis of the blade so
that the areodynamic action of the flap tends to
twist the blade to change the effective pitch, and
the flap is shown as adjacent or spaced forwardly
from the leading edge of the blade. When the
flap is spaced forwardly and when it is angularly
moved to increase its own pitch, the increased
lifting action of the flap during rotative move-
ment applies a moment to the blade which serves
to twist it and to substantially increase the effec-
tive pitch thereof. Thus when the pitch of the
flap is increased there is an increased total lifting
force due in part to the increased lft of the flap
itself, but due in much larger part to the in-
creased lift of the blade resulting from the twist~
ing thereof. When the flap is angularly moved
to decrease the pitch thereof, the action is the
reverse of that deseribed and the effective pitch
of the blade is decreased.

The positioning of the flap at or forwardly from
the leading edge, while not essential as concerns
the broadest aspects of the invention, is some-
times advantageous, as it enables the lifting force
of the flap to augment the lifting force of the
blade, while at the same time serving to twist the
plane to increase its pitch and its lifting force.

The effective working area of the blade is prin-
cipally the outer third thereof and the flap is
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thérefore preferably positioned along the blade
so as to cause a maximum of change in the effec~
tive pitch thereof. Obviously, the twisting takes
place progressively between the root portion of
the blade and the flap and the portion of the
blade beyond the flap is rotated without twisting.
It has been found that the flap should be placed
at a position within the range of about 60% to
about 90% of the distance from the axis of ro-
tation to the tip of the blade. A location at
approximately 75% of the distance from the axis
to the tip is ordinarily preferable. With the flap
positioned as described, it is spaced sufficiently
outwardly from the axis of rotation to give a
substantial amount of progressive twist to the
blade between the root portion thereof and the
flap, and it is spaced sufficlently inwardly from
the tip to rotate and change the pitch of the
major portion of the effective working area of
the blade. The practical result is that by utiliz-
ing the flaps to twist the blades in the manner
- deseribed, the changes in the effective pitches
are substantially equivalent to the bodily rotation
of the entire blade which has been the prior
conventional practice. .

By way of example it may be assumed that
the blade has a normal positive pitch of 10° and
it may be further assumed that the blade and
the flap are in torsional equilibrium during rota~
tion when the flap is at zero pitch, If the pitch
of the flap is increased it tends during rotative
movement to twist the blade, this tendency be-
ing resisted by the resiliency of the blade, and an
equilibriumr must be established between these
fwo forces. The parts may be designed for vari-
ous ratios of equilibrium. It may be assumed, by
way of exampie, that the parts are so designed
that equilibrium will be established when the
aerodynamic lifting action of the flap is one-
half that of the resistance offered by the blade
to twisting. If the pitch of the flap is initially
increased by 1° the blade will be twisted to
o certain extent to increase the pitch there-
of. However, this increase in the pitch of
the blade correspondingly increases the pitch of
the flap by reason of the forward position of the
latter, and equilibrium will be attained when the
pitch of the flap has been increased by 2° and
the pitch of the blade has been increased by 1°.
In actual design other factors must be consid-
ered, such as the forces due to the aerodynamic
pitching moment properties of the blades, the
centrifrgal twisting moments due to the mass of
the flaps and their supports which tend to effect
twisting of the blades, the weight of the flaps and
their supports which also tend to effect twisting
of the blades, and the centrifugal twisting forces
on the blade alone. )

It may be a matter of design or choice whether
the flap is spaced above the blade as shown in
Figs. 4 to 10, or is spaced below the blade as
shown in Fig. 11. However, it is important that
the flap be vertically spaced from the blade in
one direction or the other in order that turbu-
lence effects from the flap may not disturb the
aerodynamic action of the blade.

While the flap may be spaced axially from the
blade either upwardly or downwardly as already
stated, there is a definite advantage in upward
spacing as shown in Figs. 4 to 10, particularly
when combined with forward spacing. The
gerodynamic drag cf the flap as it is moved with
t:e rotor provides a moment tending to twist the
blade in the direction to increase the pitch there-
of, this drag moment supplementing the twisting
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moment due to the aerodynamic lift of the flap
and the forward spacing thereof, °

In practice the parts may be so designed that
each flap has a negative pitch when in its extreme
position, the tendency thus being for the flap to
initially decrease rather than increase the pitch
of the blade. As the flap is adjusted it moves
toward its position of zero pitch, thus permitting
the blade to assume its normal position without
twist. The flap is then moved to various positions
of increased pitch, in which positions it increases
the effective pitch of the blade as already de-
scribed.

Referring to the flap moving connections, as
shown in Pigs. 16 to 19, it will be seen that when
the ball {54 is moved vertically upward the strips
124 and 126 are permitted to move upward in uni-
son, thus simultaneously increasing the pitches of
the two flaps 26, 26 with resultant increases in
the pitches of the corresponding blades. The col-
lective or basic pitch of the rotor is thus in-
creased. When the ball (54 is moved vertically
downward, the strips (24 and {26 are moved
downward, thus simultaneously decreasing the
pitches of the two flaps 28, 26, with resultant de-
creases in the pitches of the corresponding blades.
The collective or basic pitch of the rotor is thus
decreased.

If the ball 164 is moved horizontally, as for
instance toward the right as viewed in Fig. 19,
the spider (38 will be rocked in the counter-
clockwise direction gbout the axis of the ball
134, the strip 126 being permitted to move upward
and the strip (24 being caused to move down-
ward. This serves to increase the pitches of the
right hand flap and blade, as viewed in Fig, 18,
and to decrease the pitches of the left hand flap
and blade, as viewed in Fig. 16. Inasmuch as
the shaft 20 and the parts carried thereby are
rotating, it will be seen that when the ball 154
is held in a fixed position at one side of the axis
of rotation, both flaps will be oscillated through
a predetermined angle once during each rota-
tion. The extent of oscillation is dependent on
the amount of horizontal movement of the ball
154, For instance, if it be assumed that the arms
140 and 142 are in vertical register with the blades
and if it be further assumed that movement of
the ball 154 toward thé right, as viewed in Fig.
19, is toward the rear of the aireraft, it will be
seen that each flap and the corresponding blade
will be at maximum pitch when they are at the
rear, and that each flap and the corresponding
blade will be at minimum pitch when they are
at the front. Thus the cycle piteh of the rotor
can be controlled. By moving the ball 154 toward
the front, or toward one side or the other, the
rositions of maximum and minimum pitches can
be changed to any extent desired for the required
control of the aircraft.

In the immediately foregoing description it has
been assumed that the flaps are spaced upwardly
from the blades, as shown in Figs. 4 to 10. If the
flaps are spaced downwardly from the blades, as
shown in Fig. 11, the strips (24 and 126 must be
moved in the directions opposite to those stated
in order to obtain the results described,

Fig. 20 shows schematically a pilot controlled
flap actuating rechanism which is on the fuse-
lage and which is connected with the before-
described flap moving connections. The said
mechanism serves to move the socket member 156
and when there are two rotors it serves to move

_ the socket members 1656 for both rotors for con-

-1
o

trolling the flight of the aircraft. The sockets’




2,455,866

11
I58, 156 are carried by substantially horizontal
rods {58, 158 which are supported at thelr rear
- ends by pivoted links {60. The links are so con-
nected with the rods that the latter may move
either longitudinally or angularly about the axes
of the links. The forward ends of the rods 158,
158 are pivotally connected at 162, 182 with verti-~
cal links 184, [64. Also connected with the links
164, 184 at 162, 162 are substantially horizontal
rods (66, 166, The pivotal connections at 182,
182 are such that the rods can move relatively to
each other about the horizontal axes of the piv-
ots, but are prevented from relative transverse
movements. The rods 166, {68 are connected at
their front ends by means of a ball and socket
Joint at 168 with a normally vertical stick #70.
The stick 170 is supported by means of a ball and
socket joint at {72 and is provided at its upper
end with a handle I174. The links 164, 164 are
pivotally connected with the forward ends of the
legs of a bifurcated yoke 176 which is supported
at 178. The support at {78 is not a ball and
socket joint but is so constructed that the yoke
{16 may move either about & transverse horizon-
tal axis a—a or about a longitudinal horizontal
aXxis —b, but not otherwise. Rigidly connected
with the yoke {76 and extending forwardly and
upwardly therefrom at an angle of approximately
45° is a stick {80 having a handle 182.

If it be assumed that the stick 170 is sta-
tionary, it will be seen that upward or downward
movement of the stick 180 about the axis o—a
serves to swing the rods (58, 158 upward or down-
ward with resultant upwaxrd or downward move-
ment of the sockets 156, 156 and of the balls
engaged therewith. As has already been ex-
pladued, upward movement of the sockets and
balls serves to increase the collective or basle
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flap induced pitches of the blades thus giving .

the rotors increased lifting power. Downward
movement of the sockets and balls serves to de-
crease the collective or basic flap induced pitches
of the blades thus giving the rotors decreased
lifting power. Thus the plilot, by moving the
stick (80 upward or downward, can increase or
decrease the lifting power of the rotors, and
can cause the aircraft to move vertically upward
or downward as required.

When the stick (70 is moved forward, the rods
186, 166 and (58, 168 are moved rearward thus
moving the sockets 156, 156 rearward. As al-
ready explained, rearward movement of the sock-
ets 156, {58 serves to effect cyclic oscillation of
the flaps during each revolution with the flaps
having their maximum pitch when they are in
their rearward positions and having theii min-
imum pitch when in their forward positions.
This tends to incline the aircraft downward to-
ward the front and causes travel or flight in
the forward direction. The stick (10 can be
moved in any direction thus correspondingly
changing the timing of the cyclic oscillations and
shifting the positions of maximum and minfmum
flap induced pitches of the blades and causing
travel or flight of the aircraft in any desired di-
rection,

As thus far described, it has been assumed that
the arms 140 and 142 of the spider or azimuth
plate (38 are in vertical register with the respec-
tive blades of the rotor. Actually, however, as
indicated in Fig. 20, the arms {40 and 142 are out
of vertical register with the blades and lead them
by substantial angles. The changes in the effec-
tive pitches of the blades, being dependent on
the aerodynamic action of the flaps, canuot be
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effected instantly and there is a slight lag be-
tween the actual movement of the flaps and the
change in effective pitches. However, there is a
substantial lag between the azimuth position at
which the rotor blades assume their increased
pitch and the azimuth position at which the ro-
tor blades assume their positions of maxtmum
pitches. The amount of lag is principally a
function of the resonant properties of the flat-
wise beam (comprising the connected blades 24,
24) and hinge criteria as well as the torsional
criterin. It is also a function of rotative speed.
In a perfectly general case the lag angle may
be anything between 0° and 90°, but in special
circumstances could be above 90°. It is therefore
necessary to adjust the lead of the arms 140 and
142 to accomplish the best compromise lead angle
for all flight conditions and rotative speeds, -

With a-control mechanism, such as shown in
Fig. 20, the lag in the effective pitches of the
blades could be compensated by correspondingly
moving the stick 170. In such case, however, the
stick would not be inclined in the direction of
desired flight but at an angle thereto. By pro-
viding s lead angle for the arms {40 and 142, this
difficulty is overcome and the direction of fight
will conform to the position of the stick 170.

The stick 180 is movable not only upward or
downward about the axis a—a, as already de-
scribed, but is also movable transversely about
the axis b—b. By moving the stick 180 trans-
versely, the lifting power of one rotor can be
Increased and that of the other rotor decreased,
thus effecting an unbalanced turning torque on
the aircraft together with a slight banking, The
result is a change in the direction of flight.

By wmoving the two stleks 180 and 170 simul-
taneously, or alternatively, the pilot can control
the operation of the aircraft in any desired man-
ner to cause it to move upward or downward and
to effect flight in any desired direction and to
change the dirvection of flight as required.  The
handle on one of the sticks, as for instance the
handle 182 on the stick 180, may be rotatable )
and may be connected with the throttle control
of the power plant. Thus the pilot can adjust
the throttle without removing his hands from the
sticks, and the amount of power can be increased
or decreased to meet requirements. .

The control mechanism as shown in Fig. 20
is not herein claimed specifically as a part of the
present invention, this being shown, described
and claimed in my copending application for
Aireraft of rotary wing type, Serial No. 731,656,
filed Pebruary 28, 1947, the last said application
being a continuation-in-part of this present ap-
plication.

As. each rotor is rotated and as the aircraft
moves in a given direction, as for instance in the
forward direction, the two connected blades of
each rotor tend to oscillate or flap with respect
to the hub about the substantially horizontal axis
of the pivot pin 108. This is due to the fact that
the net air speed encountered by the blade mov-
ing in the forward direction is greater than the
net air speed of the blade moving in the rear-
ward or retreating direction. On account of the
greater net alr speed, the forward moving blade
has a greater lift than the rearward moving or
retreating blade, the result being that the for-
ward moving blade swings upward and the rear-
ward moving or retreating blade swings down-
ward. Although this flapping feature has been
generally accepted in rotary wings as a conven-
lent means for automatically achieving cyclic
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pitch as forward motion of the aircraft increases,
tilting of the tip path plane relative to the drive
- shaft tends to introduce tremendous oscillating
forces and moments in the plane of rotat’on as
& function of such flapping. These are scientifi-
cally computed as Coriolis loads and are exactly
equivalent to the well known accelerated motions
in a conventional universal joint when the shafts
are operating at an angularity.

In accordance with one phase of the invention
this highly adverse load condition in the plane
of rotation is mitigated by provision of means for
practically eliminating or substentially limiting
the flapping oscillation motion beyond maximum
prescribed limits, this being effected by relatively
moving flaps carried by the blades. When a blade
swings upwardly its flap is automatically moved
so that the net total effective pitch of the blade
with its flap is reduced. When a blade swings
downwardly its flap is automatically moved so
that the net total effective pitch of the blade with

its flap is increased. The flaps provided on the

blades for this purpose may be the flaps 26, 28
already described, but as to this the invention is
not necessarily limited. When flaps such as 26,
26 are provided the control mechanism for such
flaps, as already described, serves to automati-
cally move the flaps in such a manner as to attain
the results described.

By reference to Fig. 18, it will be seen that as
the rotor oscillates so that the right hand blade
moves upward the central portion of the support
moves toward the right, the pulley 116 and the
attached portion of the strip 52 remaining rela-
tively stationary. This is equivalent to a move-
ment of the strip 52 toward the left with respect
to its blade, and the result being that the twisting
moment of the corresponding flap is decreased.
The decreased twisting moment of the flap causes
a decrease in the twisting of the blade with the
result that the total net pitch of the blade and
the flap is reduced, thus reducing the tendency of
the blade to move upward, By reference to Fig.
16 it will be seen that as the rotor oscillates so
that the left hand blade moves downward, the
central portion of the support moves toward the
right, the pulley 120 (not shown in this figure)
and the attached portion of the strip 52 remain-
ing relatively stationary. This is equivalent to
a movement of the strip 52 toward the left with
respect to its blade, the result being that the
piteh of the corresponding flap is increased. The
increased pitch of the flap causes an increase in
the twisting of the blade with the result that the
total net pitch of the blade and the flap is in-
creased, thus reducing the tendency of the blade
to move downward. On account of decreasing
the effective pitch of one blade and increasing the
effective pitch of the other blade, the net result
is that the tendency of the blades to oscillate is
eliminated, or at least very substantially reduced,

It will be seen that the automatic control of
the flaps to eliminate or minimize oscillation or
flapping is supplemental to and entirely inde-
pendent of the manual control that has been de-
scribed. The described automatic increases and
decreases in the pitches of the flaps are added
to or subtracted from the pitches which have
been established by the described manual flap
actuating mechanism. The automatic control is
equally effective for all directions of fiight.

It will be particularly observed that the hori-
zontal pivotal axis of the rotor at 180 is above
the support 23. On account of the positive di-
hedral or coning angles of the blades their cen-
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ters of gravity are approximately in a plane pass-
ing through the axis at 180 and perpendicular to
the axis of rotation. This tends to further mini-
mize the Coriolis excitations in the plane of rota-
tlon during the presence of small flapping by
eliminating or minimizing any shifting of the
rotor center of gravity from the point defined
by the intersection of the center lines of members
100 and 20.

Some of the points of utility and advantage in-
cident to the invention have been pointed cut and
deseribed in connection with the foregoing gen-
eral description thereof. However, there are

.other points which have not been mentioned or

which at least have not been particularly em-
phasized,

One of the important advantages of the inven-
tion, particularly when used in a rotary wing

-alreraft such as a helicopter, is that the control

mechanism for the flaps 1s required to handle
only relatively small forces and can therefore be
light and simple and easily handled. In rotary
wing aircraft of conventional types it has been
necessary to incorporate many complicated fea-
tures in order to secure proper control. This Is
due to the fact that the blades have been pivoted
for turning about generally longitudinal axes
substantially parallel with the radial center lines
at the blade roots. For mounting the blades
falrly large, heavy and costly ball or roller bear-
ings have been necessary. However, complex
blade deflections and deformations during fiight
invariably give rise to moments, both saerody-
namic and dynamijc about such axes. The forces
resulting from such moments do not cancel out
among the several blades and are to a consider-
able extent transmitted back to the control stick
with the resultant effect known as “stick shake.”
With a rotor embodying the invention, the forces
necessary for control are very small inasmuch as
only the relatively small flaps are moved, the
maJjor portion of the forces required to change
the effective pitches of the blades being aero-
dynamic forces resulting from the flaps them-
selves, The necessary amount of flap adjustment
is very small and the ratio of movement between
the stick and the flaps may be in the order of 100
to 1. In view of the very small movements re-
quired to adjust the flaps, and in view of the very

-favorable ratio of movements, only a negligible

effort- is necessary to move the stick and there is
little or no tendency for forces generated at the
flaps to be transmitted back to the stick to cause
“shake.” ; .

In view of the small size of the flaps, the bear-
ings and other parts for supporting them c¢an be
small, the total weight being very much less than
that of the conventional large bearings which are
utilized when the entire blades are bodily rotat-
able. Furthermore, the large blade supporting
bearings as heretofore used tend to rapidly de-
teriorate for the reason that they are subject to
heavy loads and to rotary vibration due to rap-
idly changing forces transmitting from the
Rotary vibration at the bearings causes
lubrication failure with resultant rusting and
other deterioration. This difficulty is largely, if
not in fact completely, overcome with the smaller
lighter bearings used for supporting the rela-
tively small flaps.

In order to avoid large ocscillating control mo-
ments during forward motion due to the pitching
properties of high 1ift aerofoils, it has been neces-
sary in conventional machines to sacrifice nero~
dynamic performances by utilizing a symmetrical
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aerofoll section with zero pitching moment coef-
ficlents. Since the flap is a highly powerful pitch
actuator, blade chordwise pitching moments are
not objectionable. On the contrary, utilization of
high lift, highly cambered aerofoils greatly in-
creases the range of operating speeds of rotation
before aerodynamic stall. Since the minimum
power required by a rotor occurs just below stall,
1t is possible to operate a helicopter at a lower
speed of rotation, with resultant increase econ-
omy due to the reduced rotor power required by
an increase in payload.

The flutter speed, a self-excited torsional vibra-
tion, is critically a function of the relative loca-
tion of the chordal aerofoil center of gravity and
the blade chordal aerofoil center of air pressure
or the aercdynamic center. It has heretofore
been necessary for the most part to mass balance
rotary blades in order to locate the center of
gravity at or in front of the center of air pres-
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During hovering helicopters frequently have
2 highly undesirable tendency toward instability,
This tendency Is manifested by a pendular motion
about the longitudinal axis of least inertia, and
if undisturbed, Increases disastrously in magni-
tude after a few cycles. In conventional heli-
copters this tendency toward pendular motion has
been to some extent overcome by rather bulky
auxiliary stabilizing mechanisms. With g heli~
copter embodying the present invention when
there is a tendency for one rotor or the other to
ascend as an incident to the pendular motion, the
upward movement decreases the force acting on
the flaps to twist the blades, with the result that
the effective pitches of the blades are reduced,
thus counteracting the tendency of the rotor to

. ascend. Conversely, when there is a tendency for

20

sure. This reflects itself in excessive weight and .

undue structural complication. With the flap

- mounted in froat of the rotor blade its mass is
inherently disposed if such a fashion as to move
the overall chordwise center of gravity in front
of the nerodynamic center which is usually about
25% back along the chord measured from the
leading edge. The futter frequency is thereby
raised to infinity.

In order to alleviate pilot fatigue, difficulty and
coordination it has been the prior practice in the
construction of helicopters to incorporate elab-
orate devices for Insuring the rotation of the
rotors at substantially constant speeds. These
elaborate and expensive contro] devices are un-
necessary with a rotor embodying tha present
invention, inasmuch as the rotor is self-regulat-
Ing as to speed. If there is g tendency for any
reason for the rotative speeds of the rotors to
slightly increase, this increase in speed will in-
crease the lifting forces exerted on the flaps,
which lifting forces will in turn increase the effec-
tive pitches of the blades. The increased pitches
of the blades increases the resistance to rotation
and reduces the speed to normal notwithstanding
the tendency toward increased speed. Conversely,
if there is a tcndency for any reason for the ro-
tative speeds of the rotors to slightly decrease,
this decrease in speed wil decrease the lifting
forces exerted on the flaps which decreased Hft.
ing forces will in turn cause a decrease in the
effective pitches of the blades. The decreased
pitches of the blades decreases the resistance to
rotation and causes the speed to be increased to
normal, notwithstanding the tendency toward de-
creased speed. It will be understood that the
changes in pitch resulting from. increased or de-
creased speed, occur without any movement of the
flaps about their pivotal axes.

In further explanation of the automatic speed
regulation, it will be understood that for a prede-
termined rotative speed each flap, at any selected
positicn of adjustment thereof, serves to twist its
blade to a definite extent so as to maintain it at
a predetermined effective pitch. Each flap, upon
an increase in speed above the said predetermined
speed, acts automatically to cause an increase in
the pitch of the blade above the sald predeter-
mined pitch, and the resistance to rotation is in-
creased thereby reducing the speed. Each flap,
upon & decrease in speed below the sald prede-
termined speed, acts automatically to permit a
decrease in the pitch of its blade below the said
predetermined pitch, and the resistance to rota-
tion Is decreased. thereby increasing the speed.
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one rotor or the other to descend as an incident
to the pendular motion, the downward movement

Ancreases the net force acting on the flaps to twist

the blades; with the result that the effective
pitches of the blades are increased, thus counter-
acting the tendency of the rotor to descend. This
action provides aerodynamic damping serving to
eliminate or minimize the tendency toward pen-
dular motion of the helicopter. Here again the
changes in pitch occur without movement of the
flaps about their pivotal axes.

What I claim is:

1. An aircraft of the rotary blade type including
in combination, a fuselage, a power driven sub-
stantially vertical shaft connected with the fuse-
lage, a plurality of similar radially extending
aerofoil blades equally spaced circumferentially
and having their root portions connected with the
shafy tor rotation therewlth and so held as to pre-
vent rotative movements of the said root portions
about axes extending longitudinally of the blades,
each blade being formed of wood with the cross-

-sectional areg at its root portion ereater than the

cross-sectional area at any other portion and with
a longltudinal opening therein extending along its
leading edge from its root portion toa point at the
outer portion thereof and each blade being ca-
pable of substantial twisting about its longitudinal
mean axis and with respect to its nonrotatable
root portion and having torsional resiliency caus~
ing it to be restored to its normal shape after such
twisting, a plurality of similar aerofoil flaps car-
ried respectively by the outer portions of the
blades adjacent the outer ends of the said longitu-
dinal openings in the leading edges thereof and
angularly movable relatively to the blades about
axes substantially parallel with the mean axes of
the blades which flaps serve by reason of aerody-
namic forces acting thereon during rotation to
twist the respective blades progressively from the
said root portions to the said flaps and to there-
by change the effective blade pitches to varying
substantial extents dependent on varying relative
angular positions of the Haps, relatively movable
flap moving connections extending from the flaps
to the fuselage which connections include ele-
ments extending longitudinally of the blades and
positioned within the said openings in the leading
edges thereof, and a pilot controlled flap actuating
mechanism on the fuselage for moving the said
connections during rotation .of the blades and
flaps so as to angularly move the flaps relatively
to the blades, the said flap actuating mechanism
enabling the pilot to control the movement of the
ajreraft by reason of varying flap induced twist-
ing of the blades and the resultant varying effec~
tive pitches thereof. )

2. ‘An ajrcraft of the rotary blade type includ-
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fng in combination, a fuselage, a power driven
substantially vertical shaft connected with the
fuselage, a plurality of similar radially extending
aerofoil blades equally spaced circumferentially
and having their root portions connected with
the shaft for rotation therewith and so held as
to prevent rotative movements of the said raot
portions about axes extending longitudinally of
the blades, each blade being capeble of substan-
tial twisting about its longitudinal mean axis and
with respect to its nonrotatable root portion and
having torsional resiliency causing it to be re-
stored to its normal shape. after such twisting,
a plurality of similar aerofoil flaps carried respec-
tively by the outer portions of the blades and an-
gularly movable relatively thereto about axes sub-
stantially parallel with the mean axes of the
blades which flaps serve by reason of aerodynamic
forces acting thereon during rotation to twist the
respective blades progressively from the said root
portions to the said flaps and to thereby change
the effective blade pitches to varying substantial
extents dependent on varying relative angular
positions of the flaps, relatively movable flap mov-
ing connections extending from the flaps to the
fuselage, and a flap actuating mechanism on the
fuselage for utilizing the said connections to suc-
cessively and cyclically oscillate all of the faps
relatively to their respective blades during each
rotation which mechanism is adjustable by the
pilos to change the timing of the successlve cyclic
oscillations, the said actuating mechanism en-
abling the pilot to cause horizonta} movement of
the aircraft in any direction by redson of changes
in the timing of the flap induced cyclic twisting of
the blades.

3. An aireraft of the rotary blade type including
in combination, a fuselage, a power driven sub-
stantially vertical shaft connected with the fuse-
lage, a bplurality of similar radially extending
aerofoil blades equally spaced circumferentially
and having their root portions connected with the
shaft for rotation therewith and so held as to pre-
vent rotative movements of the sald root por-
tions about axes extending longitudinally of the
plades, each blade being capable of substantinl
twisting about its longitudinal mean axis and with
respect to its nonrotatable root portion and hav-
ing torsional resiliency causing it to be restored
to its normal shape after such twisting, a plural-
ity of similar aerofoil flaps carried respectively by
the outer portions of the blades and angularly
movable relatively thereto about axes substantial-
1y parallel with the mean axes of the blades which
flaps serve by reason of aerodynamic forces acting
thereon during rotation to twist the respective
blades progressively from the said root portions
to the said flaps and to thereby change the effec~
tive blade pitches to varying substantial extents
dependent on varying relative angular positions
of the flaps, relatively movable flap moving con~
nections extending from the flaps to the fuselage,
and a pilot conirolled flap actuating mechanism
on the fuselage which mechanism includes means
for moving the said connections to angularly move
all of the flaps uniformly relatively to their re-
spective blades and also includes means for mov-
ing the sald connections to successively and ey-
clically oscillate all of the flaps relatively to their
respective blades during each rotation which last
said means is adiustable by the pilot to change
the timing of the successive cyclic oscillations,
the sald actuating mechanism enabling the pilot
to control vertical movement of the aireraft by
reason of increased or decreased flap induced uni-
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form twisting of the blades and enabling the ptlot
to cause horizontal movement of the alreraft in.
any direction by reason of changes in the timing
of the flap induced cyclic twisting of the blades.

4. An aircraft of the rotary blade type includ-
ing in combination, a fuselage, a power driven
substantially vertical shaft connected with the
fuselage, a Dlurality of similar radially extending
aerofoil blades equally spaced circumferentially
and having their root portions connected with
the shaft for rotation therewith and so held as to
prevent rotative movements of the said root por-
tions about axes extending longitudinally of the
blades, each blade being capable of substantial
twisting about its longitudinal mean axis and with
respect to its nonrotatable root portion and hav-
ing torsional resiliency causing it to be restored
to its normal shape after such twisting, a plu-
rality of similar aerofoil flaps carried respectively
by the outer portions of the blades and angularly
movable relatively thereto about axes substan-
tially parallel with the mean axes of the blades
which flaps serve by reason of aerodynamic forces
acting thereon during rotation to twist the re-
spective blades progressively from the said root
portions to the said flaps and to thereby change
the effective blade pitches to varying substantial
extents dependent on varying relative angular
positions of the flaps, a plurality of relatively
movable flap moving connections extending to the
fuselage from the respective flaps which connec-
tions respectively include vertically movable
members rotatable with the shaft and equally
spaced from the axis thereof, an adjustable azi-
muth member rotatable in synchronism with the
shaft and connected with the said vertically mov-
able members at positions spaced angularly for-
ward from the respective blades, and pilot con-
trolled means for angularly changing the axis of
rotation of the azimuth member.

5. An gireraft of the rotary wing type including
in combination, a fuselage, a power driven sub-
stantially vertical shaft connected with the fuse-
iage, a rotor including a blade support connected
with the shaft for rotation therewith and for
relative pivotal movement about 2 substantially
horizontal axis intersecting the shaft axis and
also including two oppositely disposed similar ra~
dially extending aerofoil blades secured to the
blade support for relative pivotal movement in
unison therewith, the said blades having their root
portions so held as to prevent rotative movements
thereof about axes extending longitudinally of
the blades and the said blades being capable of
substantial twisting about their longitudinal
mean aXes and with respect to their nonrotatable
root portions and having torsional resiliency caus-
ing them to be restored to their normal shapes
after twisting, two similar aerofoil flaps carried
respectively by the outer portions of the two
blades and angularly movable relative thereto
about axes substantially parallel with the mean
axes of the blades which flaps serve by reason of
aerodynamic forces acting thereon during rota-
tion to twist the respective blades progressively
from the said root portions to the said flaps and
to thereby change the effective blade pitches to
varying substantial extents dependent on varying
relative positions of the flaps, relatively movable
flap moving connections extending from the flaps
to the fuselage and permitting oscillation of the
rotor about the said horizontal pivotal axis, and
& pilot controlled flap actuating mechanism on
the fuselage for utilizing the said connections
during rotation of the rotor so as to angularly
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move the flaps relatively to the blades, the said
flap actuating mechanism enabling the pilot to

control the movement of the aircraft by reason of

varying flap induced twisting of the blades and
the resultant varying effective pitches thereof.

6. An aircraft of the rotary blade type including
in combination, a fuselage, 8 power driven sub-
stantially vertieal shaft connected with the fuse-
lage, & rotor including a blade support connected
with the shaft for rotation therewith and for
relative pivotal movement about a substantially
horizontal axis intersecting the shaft axls and also
including two oppositely disposed similar radially
extending aerofoil blades secured to the blade
support for relative pivotal movement in unison
therewith, the said rotor tending to oscillate about
the said horizontal axis by reason of the greater
lift of the blade moving in the direction of flight,
two similar aerofoil flaps carried respectively by
the two blades and angularly movable relatively
thereto about axes substantially parallel with the
mean axes of the blades, relatively movable flap
moving connections connected with the flaps and
permitting the said oscillation of the rotor about
the said horizonta] pivetal axis, and means en-
gaging the flap moving connections and acting
automatically to oscillate the flaps relatively to
the blades during each rotation of the rotor which
means is timed to move the flaps in such a man.
ner that the oscillations thereof oppose the tend-
ency of the rotor to osciliate,

1. An aircraft of the rotary blade type including
in combination, & fuselage, a power driven sub.-
stantially vertical shaft connected with the fuse-
lage, a rotor including a blade support connected
with the shaft for rotation therewith and for
relative pivotal movement ahout g substantially
horizontal axis intersecting the shaft axis and
also including two oppositely disposed similar ra-
dially extending aerofoil blades secured to the
blade support for relative pivotal movement in
unison therewith, the said rotor tending to oscil-
late about the said horizontal axis by reason of
the greater lift of the blade moving in the direc-
tion of flight and portions of the said blades be-
Ing angularly adjustable about axes substan-
tially parallel with the mean axes of the blades
to change the effective blade pitches, two similar
aerofoll flaps carried respectively by the two
blades and angularly movable relatively thereto
about axes extending longitudinally of the blades
which flaps serve by reason of aercdynamic forces
acting thereon during rotation to change the ef-
fective blade pitches to varying substantial ex-
tents dependent on varying relative angular post-
tions of the fiaps, relatively movable flap moving
connections connected with the flaps and permit.
ting the said oscillation of the rotor about the
_said horizental pivatal axls, and means engaging
the flap moving connections and acting auto-
matically to oscillate the flaps during each ro-
tation of the rotor and to thereby change the ef-
fective blade pitches during each rotation which
means is timed to move the flaps and change the
blade pitches in such a manner that the changing
blade pitches oppose the tendency of the rotor to
oscillate,

8. An aircraft of the retary blade type inelud-
Ing in combination, a fuselage, a power driven
substantially vertical shaft connected with the
fuselage, a rotor including a blade support con-
nected with the shaft for rotation therewith and
for relative pivotal movement about g substan-
tially horizontal axis intersecting the shaft axis
and also including two oppositely disposed similar
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radially| extending aerofoil blades secured to the
blade support for relative pivotal movement in
unison therewith, the said rofor tending to osecil-
late about the said horizontal axis by reason of
the greater lift of the blade moving in the direec-
tion of flight and the said blades having their root
portions so held as to prevent rotative movement
thereof about axes extending longitudinally of
the bladés and the said blades being capable of
substantial twisting about their Iongitudinal
mean axes and with respect, to their nonrotatable
root portions and having torsional resiliency caus-
ing them to be restored to their normal shapes
after twisting, two similar aerofoil flaps carried
respectively by the outer portions of the two
blades and angularly movable relatively thereto
about axes substantially parallel with the mean
axes of the blades which flaps serve by reason of
aerodynamic forces acting thereon during rota-
tion to twist the respective blades progressively
from the said root portions to the said flaps and to
thereby change the effective blade pitches to vary-
ing substantial extends. dependent on varying
relative angular positions of the flaps, relatively
movable flap moving connections extending from
the flaps to the fuselage and permitting the said
oscillation of the rotor about the said horizontal
pivotal axis, a pilot controlled flap actuating
mechanism on the fuselage for moving the said
connections during rotation of the rotor so as to
angularly move the flaps relatively to the blades,
the said flap actuating mechanism enabling the
pilot to control the movement of the hellcopter
by reason of varying flap induced twisting of the
blades and the resultant varying effective pitches
thereof, and means engaging the flap adjusting
connections and acting automatically to oscillate
the flaps during each rotation of the rotor supple-
mentally to the aforesaid pilot controlled move-
ments thereof and to thereby change the effective
blade pitches during each rotation of the rotor
which means is timed to move the flaps and
change the blade pitches in such a manner that
the changing blade pitches oppose the tendency
of the rotor to oscillate.

9. A helicopter including in combination, a
fuselage, two similar substantially vertical shafts
extending upward from the fuselage and spaced
apart horizontally, the said shafts being con-
nected for rotation in unison and in opposite
directions, a plurality of similar radially extend-
ing aerofoil blades on each shaft equally spaced
circumferentially and having their root portions
connected with the shaft for rotation therewith
and so held as to prevent rotative movements of
the said root portions sbout axes extending lon-
gitudinally of the blades, each blade being ca-
pable of substantial twisting about its longitudinajl
mean axis and with respect to itg nonrotatable
root portion and having torsional resiliency caus-
Ing it to be restored to its normal shape after
such twisting, a plurality of similar aerofoil flaps

" carried respectively by the outer portions of the
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blades on each shaft and angularly movable rela-
tively to the said blades about axXes substantially
parallel with the mean axes of the blades which
flaps serve by reason of aerodynamic forces acting
thereon during rotation to twist the respective
blades progressively from the said root portions
to the said flaps and to thereby change the ef-
fective blade pitches to varying substantial ex-
tents dependent on varying relative angular posl-
tions of the flaps, two sets of relatively movable
flap moving connections extending to the fuselage
from the flaps on the Wades on the respeciive
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shafts, and a pilot controlled flap actuating mech-
anism on the fuselage for uniformly moving the
. said connections of both sets during rofation of
the blades and flaps so as to angularly move the
flaps relatively to the blades, the said flap actu-
ating mechanism enabling the pilot to control the
movement of the helicopter by reason of varying
flap induced twisting of all of the blades and the
resultant varying effective pitches thereof,

10. A hellcopter as set forth in claim 9, wherein
means is included in the flap actuating mecha-
nism for effecting the movement of the flaps on
the blades on one shaft to extents differing from
the extents of movement of the flaps on the biades
on the other shaft.

11. A helicopter including In combination, a
tuselage, two similar substantially vertical shafts
extending upward from the fuselage and spaced
apart transversely, the sald shafts being con-
nected for rotation in unison and in opposite
directions, & plurality of similar radially extend-
ing aerofoil blades equally spaced circumferen-
tially and having their root portions connected
with the shaft for rotation therewith and so held
as to prevent rotative movements of the sald
root portions about aXes extending longitudinally
of the blades, each blade being capable of sub-
stantial twisting about its longitudinal mean axis
and with respect to its nonrotatable root portion
and having torsional resiliency causing it to be
restored to its normal shape after such twisting,
and a plurality of similar aerofoll flaps carrled
respectively by the outer portions of the blades
on each shaft and substantially spaced trans-
versely from the said longitudinal mean axes
which flaps normally serve by reason of aero-
dynamic forces acting thereon during rotation
to twist the respective blades progressively from
the said root portions to the said flaps and to
thereby increase the effective blade pitches, the
sald flaps on the blades on each shaft acting
automatically to cause a decrease in the pitches
of their blades gs the blades move relatively up-
wardly due to pendular motion of the helicopter
about a longitudinal axis and the said flaps on
the blades on edch shaft acting automatically to
cause an increase in the pitches of their blades
as the blades move relatively downwardly due to
the said pendular motion.

12. A helicopter including in combination, a
fuselage, two similar substantially vertical shafts
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extending upward from the fuseclage and spaced .

apart transversely, the said shafts being con-
nected for rotation in unison and in opposiie di-
rections, a plurality of similar radislly extending
serofoll blades eéqually spaced circumferentially
and having their root portions connected with
the shaft for rgtation therewith and so held as
to prevent rotative movements of the said root
portions about axes extending longitudinally of
the blades, each'blade being capable of substan-
tial twisting about its longitudinal mean axis and

55

with respect to its nonrotatable root portion and
having torsional resiliency causing it to be re-
stored to its normal shape after such twisting, a
plurality of similar aerofoil flaps carried respec-
tively by the outer portions of the blades on each
shaft and substantially spaced transversely from
the said longitudinal mean axes which flaps are
angularly movable with respect to the blades
about axes substantially parallel with and trans-
versely spaced from the said mean axes and nor-
mally serve by reason of aerodynamic forces act-
ing thereon during rotation to twist the respec-
tive blades progressively from the said root por-
tions to the said flaps and to thereby increase the
effective blade pitches to varying substantial ex-
tents dependent on varying relative angular po-
sitions of the flaps, the said flaps on the blades
on each shaft acting sutomatically to cause a
decrease in the pitches of their blades as the
blades move relatively upwardly due to pendular
motion of the helicopter about a longitudinal
axis and the said flaps on the blades on each
shaft acting automatically to cause an increase
in the pitches of their blades as the blades move
relatively downwardly due to the said pendular
motion, two sets of relatively movable flap mov-
ing connections extending to the fuselage from
the flaps on the blades on the respective shafts,
and a pilot controlled flap actuating mechanism
on the fuselage for uniformly movicg the said
connections of both sets during rotation of the
blades and flaps so as to angularly move the flaps
relatively to the blades, the said flap actuating
mechanism enabling the pilot to control the
movement of the helicopter by reason of varylng
flap induced twisting of all of the blades and the
resultant varying effective pitches thereof.
CHARLES H. KAMAN.
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