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This invention comprises Improvements relat-
ing to the control of rotating wing aircraft of the
helicopter or antogiro type.

It is an object of the present invention to pro-
vide for Improved lateral control of aircraft of
this class comprising side by side rotors.

A particular object of the Invention Is to pro-
vide a control system of aircraft of this class
which is very simple in construction and permits
g vertical and lateral control by common con-
structional elements of the control mechanism.

A still further object of the Invention is to pro-
vide a combined vertical and lateral control with
a design of ajreraft in which the rotors or their
shafts, respectively, are mounted for rotation
about non-tiltable or stationary, more particular-
1y, vertical actual axes,

With these and further objects In view, which
will be apparent from the within disclosure, the
blades of the two rotors are mounted for inde-
pendent adjustment of the angle of incidence and
a special mechanlsm is provided for adjusting the
angle of incldence of each of the blades periodi-
cally to thereby effect forward or rearward tilting
of the virtual axes of the two rotors without tilt-
ing the actual axes thereof. As is known, tllting
of the virtual axis of an air screw can be effected
by tilting the normals to the planes of rotation
of the blades, i. e., by perlodical] variation of the
angles of incidence. Now, means are provided for
effectlng elevational control by producing identi-
cal forward or rearward tilling of the virtual axes
of both rotors, while further means are provided

for producing opposite, fore and aft tilting of .

the virtual axes of the two rotors. by actuation
of a lateral control element in the aireraft. Thus,
in case of actuation of the lateral control ele-
ment, the effects neutralize each other as regards
vertical control but not as regards turning about
the vertical axis. In effect, the forwardly in-
clined virtual rotor axis on one side produces an
acceleration on this side whilst the rearwardly
ineclined virtual rotor-axis on the other side pro-
duces a retardation on that slde, so that the de-
sired lateral control is effected.

The invention will be better understood by ref-
erence to the following detailed description in
connection with the accompanying drawing
showing one embodiment of a control arrange-
ment In accordance with the Invention, viz—

Fig. 1 is a fragmentary, perspective, diagram-
matic view of a control system having the inven-
tion applied thereto.

Fig. 2 is a diagram for illustrating the opera-
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tion of the system. The arrow indicates the
travelling direction of the alrcraft.

For the sake of simplicity, only one blade of
one rotor, the left hand rotor, is illustrated, with
the main parts of the control system for both
rotors.

Each blade suitably is mounted after the cus-
tomaly manner by & cross beam ¢! in a forked
sleeve g2 mounted by flapping joints g% on a bear-
ing or hub member g* which is rigidly carried at
q® by the rotor shaft (not shown), Only so much
of the member ¢! is shown as Is sufficient to illus-
trate the mounting of the one blade g, other parts
of this member being broken away. The control
stick a is swingably mounted about an axis A—A
which is statlonary in the aircraft by means of
a forked holder b which is fixedly secured on the
control stick a, between the upper part ¢ and the
lower part ¢’ of a rocker which iIs rotatable about
the stlck a and has three sets of arms to which
the control cables are connected as shown. The
cable fg is passed over the guide rollers shown
and taken around a pulley %k assoclated with the
left-hand rotor. The cable hi 15 similarly passed
over guide rollers and taken around a pulley as-
sociated with the right-hand rotor which is not
shown. Of course, the upper and lower parts ¢
and ¢’ of the rocker are interconnected for com-
mon rotation about the stick, by means which

i are hot shown.

The pulleys such as % have screw threaded
spindles ! working in fixed nut parts sz and the
cable lengths A and f are connected with respec-
tive pulleys in such a manner that, uvon pushing
the stick @ forward, and thereby pulling on the
cable lengths i and 7, the latter turn the pulleys
in the direction for causing the screw threaded
spindles I to descend in the nut parts m. By
this means, a ring or bearing member 7 which is
mounted for tilting about a stationary axls in
the aircraft, and connected with the assoclated
spindle I, by a rod s, is tilted and a further ring or
bearing member 7%’ mounted for rotation In or
on, and tilting movement with, the bearing mem-
ber n ig thus also tllted. In the drawing, the
bearig members n and n’ are the outer and
inner race rings, respectively, of a ball bearing.
It will thus be understood, that the rods o linked
to the inner raee ring n' rise and fall periodical-
ly during each revolution of the hub gf and in
this fashion periodically vary in turn the angles
of incidence of the blades g, each through a lever
p fast on the cross bar g! of the respective blade.
In order to permit such action of the parts, and
especially swinging of the cross bar about the



2

flap joints ¢3, the axis of said Aap joints is ar-
ranged to go through the plane In which the
lever » swings. Moreover, a certain play or an
additional joint (not shown) is provided between
the parts o, », ¢1, In order to permit the requislte
small swinging movements of the blade about the
pivot g3. Larger swing movements of the blade
about this pivot are rendered impossible by &
supporting mechanism defining the lowest posi-
tion of the blade in case of decreasing centrifu-
gal action thereof, For the sake of clearness,
this supporting mechanism which has been de-
scribed in my copending application Ser. No,
191.329 and does not form parf of the present
invention, has not been showhn. Also, for the
same reason, a Joint which may be advantageous-
ly provided in order to permit lateral movements
of the blade with respect to the hub member g*
or forked sleeve g2, respectively, has been omitted.
In the instance illustrated, the ring n is tilted
forwardly, and the angle of incidence of the for-
wardly localed blade is reduced whilst that of
the rearwardly located blade is increased. This
has the effrct of depressing the nose of the air-
craft. As will be apparent, the reverse effect is
produced by pulling the stick & backwards and
thereby pulling on the cable lengths i and ¢ for
turning the rulleys k in the opposite direction.
Right-hand and left-hand arms of a rudder
bar or cross head e are connected by cable Iengths
r with respective right and left hand arms d of
the rocker ¢, If the rudder bar e is operated, as
for example to produce right-hand rudder effect,
the rocker ¢ is turned about the stick a by the

pull of the appropriate cable length r and the :

cable f, ¢ of the left-hand rotor is operated in a
direction which, in accordance with what has
heen said above, leads to a variation of the angle
of incidence of the blades of the left hand rotor
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producing a forward inclination of the virtual
axis Lv (Fig. 2) of the left hand rotor while the
actual axis La thereef remainsg unchanged. At
the same time, however, the cables £, Rk, of the
right hand rotor are actuated In the opposite
direction, and the blades of that rotor experience
a variation of the angle of incldence which pro-
duces a rearward inclination of the virtual axis
Rv (Fig. 2) of the right hand rotor, i. e, iIn such
8 manner that the angle alpha between this axis
R and the vertlcal or sctual axis Re Is the same
as the oppositely directed angle alpha between
the virtual axis L of the left hand rotor and the
vertical or actual axis Ra. As & result of this,
the left hand side of the aircraft s accelerated
and the right hand side is retarded, whereby the
aircraft Is caused to make a right hand turn
about the vertical axis V—V, without causing
rotation of the alreraft with respect to the hori-
zontal or longitudinal axis H--H of the aircraft.
In order to cause a left hand turn of the air-
craft, the cross head e and the parts connected
thereto are cperated In an opposite sense.

The superimposing of vertical and Iateral con-
irols can be appropriately effected by other kine-
matic means and it is to be understood that the
mechanisms illustrated in the drawing are but
examples of such means.

It has been found that the lateral conirol sys-
tem according to the invention in which the vir-
tual axes of the rotors are oppositely tilted while
the actual axes of the rotors remain stationary,
offers considerable practical and aerodynamical
advantagcs over systems In which the actual axes
are tilted.

This is a continuation in part of my applica-
tion Serial No. 191,328, entitled; “Aireraft con-
trols,"

HENRICH FOCKE.




