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HELICOPTER HAVING TWIN INTERMESHING
ROTORS

Anton Iletiiner, Berlin-Johannisthal, Germany;
vested In the Allen Properiy Custodian

Application filed February 6, 1939

The present invention relates to lielicopters
and in particular to helicopters having twin in-
termeshing rotors and wherein the extenslons of
the rotor shafts diverge upwardly and the dis-
tance between the hubs of the rotors is smaller
than the radii of the rotors. For the sake of
brevity an aircraft of this kind is hereinafter
referred to as a double or twin helicopter; in
such helicopters the rotors are generally driven,
but in case of engine fatlure they may be ar-
ranged to autorotate.

In known helicopters having a rotor arrange-
ment different from that mentloned above it is
usual to join the rotor blades to the hub rotor
shaft in such a manner that the blades are free
to oscillate or flap with a motion perpendicular
to their plane of rotation, and that the bending
movements transmitted by the blades to the ro-
tor shaft remain relatively small. On Lhe other
hand in rotor arrangements of the twin rotor
kind particularly referred to in the flrst para-
graph hereof, the risk has not so far been taken
of allowing the rotor blades to flap freely in
flight: on the contrary, in the arrangements of
the aforesaid kind the possibility of movement
on the part of the blades In flight in a direction
perpendicular to the plane of rotation was lim-
ited by means of stops or even by fixing ‘the
blades rigidly in order to preclude the danger
of the blades of one rotor coming into contact
with the blades of the other rotor rotating in
the opposite direction with respect to and inter-
meshing with the former. Howeverl, these me-
chanical measures for preventing mutual con-
tact between the blades entall the drawhack that,
in flight, owing to the aerodynatnic forces acting
upon the blades, considerable and dangerous
bending moments are transmitted by the blades
to the rotor shafts and thus also to the fuselage,
and this made the utilization ol twin rotors of
this kind practically impossible. The inner and
central blade portions of two blades rotating in
opposite directions intersect in the case of a twin
rotor according to the invention, at a.short dis-
tance only from cach other, and, particularly in
the case of the tapered blades preferably used
which have a greater chord towards the root,
they exert a great aerodynamic action upan each
other. For the purpose of preventing blade os-
cllations it is therefore absclutely necessary, par-
tieularly in the twin rotor system, to ensure that
the variation in thrust of a blade 1s as smail as
possible during its rotation. In the case of flxed
blades or when flapping blades have insuffieient

o

10

30

o

ol

490

6O

freedom of movement, great variations in thrust 83

occur during forward flight; in that case it Is
practically impossible to avoid two blades inter-
secting each other precisely at the polnt of maxi-
mum thrust. The tendency of the blades to
forced vibrations would in that case be intoler-
ably great.

A method of joining the blades to twin rotors
which provides thorough equalization of thrust
during forward flight has also already been de-
scribed, the blades of which are however merely
rotatable aboui longitudinal shafts rigidly con-
nected to the hub: Contrary to the case of freely
flapping blades, there occurs in this cage at the
root of the blade a thrust moment which is vari-
able during the rotation. The hubs of the rotor
and the aircraft are thus, despite the uniformity
of the total thrust not free fromn bending mo-
ments inasmuch as during rotation, the centre of
thrust moves longitudinaliy along the blade. The
invention is based on the realization that in the
case of twin rotor aircraft it is particularly im-
portant to avoid bending moments acting upon
the hubs and the rotor shafts, namely for the
purpose of keeping the dimensions of these com-
ponent parts as small as possible and thus to
facilitate the most satisfactory intermeshing of
the rotors. For this reason it has been found
Lo be far more satisfactory in the case of twin
rotor aircraft to accept a certain amount of in-
equallty of thrust and to tend instead to obtaln
a vanishing or almost vanishing thrust moment
such as can be achieved by the arrangement
of freely flapping blades.

According to the invention lhe drawbacks of
the known twin rotor aircrait of the kind men-
tioned in the first paragraph herecof are overcome
in that the amplitude of oscillation of a blade
oscillating in a known manner with a component
of motion perpendicular to the plane of rotation
is limited in fiight merely by means of aerody-
namic forees. Conlrary to expectations it was
found on the basis of tests that this is sufficient
1o ensure the production of a practicable helicop-
ter having also substantial advantages when
compared with heiicopters hitherto known. The
new twin rotor machine possesses the advantage
over the known helicopters having.co-axially su-
perimposed rotors that one rotor is not located
in the downstream of the other rotor; on the con-
trary the so-called twin-rofors behave as a single
rotor having two directions of rotation and
which, contrary to other known helleopters hav-
ing only one rotor, do net require additlonal
means: for counter-balancing the torque gener-
ated by the driven rotor,
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Compared wilh the known and hitherto suc-
cessful helicopters having two rvotors disposed
side by side and rotating in opposlte directlons
and having & distance between their shafts
amounting to more than twice the length of &
blade, the new fwin rotor helicopter possesses
the advantage that it avoids the use of large
outriggers which are very heavy snd offer great
air reslstance and which are necessary in the
aforesaid known helicopters owlng to the great
distance between the rotor shafts, and that more-
over the aerodynamic efficiency of the two rotors
is lmproved by the intermeshing and overlap-
ping of the blades.

The various constructional forms of the inven-
tion comprise speclal inventive means partly new
and partly known per se, which facilitate or pro-
mote the carrying out of the inventive idea, in
particular means which minimize the fiapping
movement of the blades In flight without the use
of stops or the like and, in case of emergency, for
example in the case of wind gusts keep the flap-
ping range of the blades of one rotor away from
the fappineg range of the other rotor. These
varlous speclal baslc means are described here-
inafter with reference to the drawings, which
however are intended merely to illustrate varlous
forms of construction of the invention and of the
sald means by way of example,

Figure 1 illustrates the varlous positions of
the blades Iin @& known helicopter having only
one rotor and direct control and freely flapping
blades, the pitch and flapping angle of which are
independent of each other, the lllustration belng
a side view. 'The position numbered | Is that
taken up during slow forward flight: position 2
occurs when a wind gust strikes the blades from
above: the blades then enclose an angle of more
than 180°, The position numbered 3 is brought
about during rapid forward flight, when the rear
bilade is deflected downwardly and the front blade
is deflected upwardly. In the case of a helicopter
of this kind there is a free flapping of the blades
to below the horizontal position when no stops
are provided for limiting the amplitude of the
flapping motlon or when such stops are not op~-
erative: thus it Is advisable to avold such stops
in ilight In order to prevent a transmission of
dangerous bending moments and vibrations to
the fuselage.

Figure 2 illustrates & side view of the positions
of the blades under different conditions in &
known helicopter having only one rotor similar
to the rotor in Flgure 1, wherein provision s
however made for controlling not the entire head
nor the entire hub of the rotor, but only the angle
of Incldence of the individual blades., The posi-
tions marked | and 3 correspond to the similarly
numbered positions in Figura 1. The position 4
of the blades occurs in that controlllng move-
ment which is usually deslgned as “pulling up
the nose of the helicopter”. During this con-
trolling movement the tips of the blades describe
during their rotation and with a periodical alter-
atlon of their pitch, a circle in a plane (tip circle)
which 1s displaced with respect to the fuselage in
the same direction and to the same extent as
when a corresponding controlling movement or
displacement of the hub of the rotor in Figure 1
is carrled out,

According to whether this backward inclina-
tion of the plane of the tip c¢ircle during rapid
flight (position 3) is greater or smaller than the
backward Inclination effected by means of an
intentional control movement (position 4), there
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will be need for greater or smaller free fapping
angles in flight either in the case of the direct
cohtrol according to Figure 1 or of the blade
control according to Flgure 2. Calculations and
tests have shown that the blade control accord-
ing to Figure 2 generally requires the smaller
flapping angle.

Figure 3 i{llustrates a side view of an arrange-
ment of the two rotors In a constructional form
of double helicopter according to the invention,
that is to say for rotors each having three blades,
as seéen in the direction of fiight,

Figure ¢4 illustrates a plan view from above of
the arrangement in Figure 3.

The directlon of rotatlon of the rotors is
preferably such that at the point of intersection
of two blades the upper blade is8 moving In the
direction of flight. The object of this arrange-
ment is to prevent the air flow which s inter-
rupted In the vicinity of the retreating blade
from coming within reach of the succeeding
blade advancing through the descending air flow.

Figure b illustrates a plan view of a corre-
sponding arrangement of two rotors in a con-
structional form of double hellcopter according
to the inventlon, {n thils case for rotors each
having only two blades,

Figure 6 {llustrates in side elevation a construc-
tional form of double helicopter according to the
invention. The aerodynamic lifting force L
exerted by the rotors on the fuselage of the air-
craft possesses with respect to the centre of grav-
ity S a lever arm b. Sald lever arm ? is so pro-
portioned that the moment of the aerodynamic
force L with respect to the common centre of
gravity 8 of the alrcraft 1s generally as great as
the residual torque acting In the opposite direc-
tion of rotation with respect to the point 8, said
residual torque being due to the rotation of the
rotor shafts In opposite directions and to thelr
relatlve angular arrangement, the magnitude of
sald residual torque depending upon the torque
of the {wo rotors,

As this torgue reaction 1s not counter-bal-
anced by the rotation In opposite directions of
the rotors It may possess a varlable order of
magnitude, and provislon Is according to the In-
vention convenlently made for a compensating
controlling movement to be manually or auto-
matically super-imposed upon the standard for-
ward or blade control (Figure 1 or 2) or other
usual aircraft controls, sald compensating move-
ment counter-balancing the torque reaction,
which has not already heen faken care of by suit-
ably proportioning lever arm b.

Consequently, for the purpose of effecting this
balancing out of the residual torque reaction
there must be provided in such control members
as may be fltted, guided control movements am-
plitudes which are larger than the corresponding
guided control movements or amplitudes respec-
tive which would be necessary for a correspond-
ing rotor-driven aircraft having two parallel ro-
tor shafts.

Figure 7 illustrates a consiructional form of a
twin helicopter according to the Invention cor-
responding to Figure 6 but seen from the front.
This figure illustrates & few generally recomn-

-mended features for twin helicopters according

to the invention in particular the feature that
the extensions of the rotor shafts which are
shown in dotted lines (at A) intersect in the vi-
cinity of the cominon centre of gravilty S, and
preferably above sald centre of gravity, This
arrangement {s to be preferred in consideration
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of the thrust forces, which may be of unequal
magnititde upon the two rotors for example owing
te the lateral movement (sideslip of the aircraft)
or in consequence of different pitch of the blades
of one rotor with respect to the blades of the
other rotor, the residual thrust reaction to said
unequal thrust forces with respoct to the centre
of gravity S will however be small when the point
of Intersection A of the line of force lies in the
vicinity of the point S. When this point of in-
fersection A lies above the point S during. the
side slipping of the aircraft a stahilizing moment
will be produced similar to the moment result-
ing from the known dihedral angle of the sup-
porting surfaces of fixed wing aircrafi.

Moreover, it is advisable, even if not absclutely
necessary according to the invention, that in
aecordance with Flgure 7 the line connecting the
two hubs shall extend in manner known per se
perpendicular to the direction of flight; for this
arrangement offers the advantage that the aero-
dynamic conditions do not differ for the two ro-
tors during forward flight and that is avolds the
one rotor working in the downstream of the
other rotor thus increasing the aerodynamic ef-
fictency,—and this is important for avolding mu-
tual interference where the rotor blades inter-
mesh,

PFigure 8 illustrates a constructional form of
the rotor of a double helicopter according to the
invention as seen vertieally from above., This
form of construction is in turn recommended for
intermeshing rotors, because the blades T are
joined, not immediately adjacent the rotor shaft
nor direct to the hub 5, but by means of Lhe flap-
ping joints 8 to the arms 6 which are rigidly
mounted on the hub and extend radially; due to
this constructional measure it is a simple mat-
ter to kecep the flapping rangs of the blades of
one rotor removed from the flapping range of
the blades of the other rotor, as will be seen
trom the following with reference to Figure vu.

According to the constructional form illustrat-
ed In Figure 8 and subsequently illustrated con-
structions, preference is given to relatively rigid
rotor blades, these being at least as rigid as the
hitherto ususal blades, which when the trapezoldal
shape 1s chosen may be made still larger; this in
turn is done for the purpose of avoiding contact
between the blades of one rotor and the blades
of the other rotor also when extraordinary flying
conditions occur suddenly, such as for example
gusts of wind, which might cause the blades to
bend.

Figure 9 illustrates diagrammatically the ar-
rangement of two intermeshing rotors accord-
ing to the invention. In this figure ¢ indicates
the distance of the flapping hinge of one blade
1 from the aXis of rotation 10, 2v is ihe angle
enclosed by the extensions of the {wo axXes of
rotation, g is the flapping angle of & blade 1,
said angle being positlve when the blade 1s lo-
cated above the imaginary plane passing through
the huk perpendicularly tq the axis €, the arms
§ also extending in the sald plane.

According to Figure 10 an examination and
graphic representation has been made of the
free flapping angles of the blade which are pos-
sible in & rotor arrangement according to Fig-
ure 9. for various distances ¢ between the flap-
ping hinge and its axis of rotation. On the hori-
zontal dium Iine of the dlagram in Figure 10
there ls marked . off the distance z between the
point of intersection of the.plane projection of
ihve centre lInes or loneltudinal axes of two hlades
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1 in Pigure 9 which during fiight happen to be
exactly superimposed and the apperteining axis
of rotation 10. As a unit of length the distance
between the hubs of the two rotors was taken
to be e—I. On the vertical co-ordinate axis there
are marked off the vertical distances ¥ between
the centre lines or longitudinal axes of the said
blades T which just happen to be above each
other, or between their radial hub arms 6 in the
point of intersectlom of their plane projection.
The three curves drawn apply to the following
three values of the hinge distances a viz. 0.5, 0.7
and 0.9. These values at the same time indicate
the ratio of ¢ to ¢ applicable to each individual
curve.

The distances ¥ have been calculated for a flap-
ping angle of A=--8° the blades stopping down-
ward towards the plane of rotation. Moreover,
as in the case of Figure 9, it has beenh accepted
in Figure 10 that the angle of intersection en-
closed by the two rotor shafts amcunts to 24°,
viz, 2y —2 127,

In these circumstances it is found that the
vertlcal distance ¥ between two immediately su-
perimposed blades and thus also the clearancea
available for additional Rapping movements of
sald blades is greater the greater the distance ¢
of the fiapping hinge fiom the rotor shaft. Such
clearance for additional flapping movements is
generally required, because, as tests and caleu-
lations have shown, coning angles up to —16°
downwardly occur at high speeds in the rear sec-
tor of the disc of ratation during ithe forward
movement of the blade. Moreover, provision
must be made for an additional downward flap-
ping movement of the blade uf about 6° when
wind gusts from above influence the blades un-
less a limitilng of this angle has becn obtained
by aerodynamic forces by means herenafies indi-
cated.

In connection with Figures 9 and 10 calcula-
tions and experiments have shown that it is ad-
visable to choose the distance d between the flap-
ping hinge & of the blade T of a rotor and the
appertaining rotor shaft, so that it is about 0.8
to 1.2 times the distance ¢ between the two hub
centres, and further, if desired, to deviate from
the arrangement of the hub arms 6 shown In
Figure 9 by arranging said arms upon the surface
of an upwardly open cone having the rotor
shaft 10 as its own axis of rotation as illustrated
in Figure 11. Owing to the above mentioned
measures it is possible to keep tha distance ¢
between the cenfres of the hubs smaller than
10% of the diameter of a rotor, and the angle 2+
enclosed by the axes of rotation smaller than
30°, which is alsoc recommended for construc-
tional reasons for the purpose of carrying the
invention into effect. By minimizing the angle
4, the loss in efficiency is also minimized, sald
loss arising from the fact that only the vertical
components of the thrust of eech individual
rotor can be made to serve the purpose of sus-
taining the aircraft. Mareover, by keeping the
distance ¢ between the rotor hubs small, the air
resistance 1s also kept low and the desirabie dis-
placement of the point of intersection of the
axes of rotation above or in the vicinity of the
centre of gravity of the ailrcraft is also thereby
effected.

In Figure 11 the curves in Figure 10 have been
used for the purbose of drawing the path of a
blade of one rotor, above the hub B and the
inclined hub arm 6 with the flapbing hinge 8
and the shaft [0 of the other rotor. It will be
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seen from this flgure that it is advisable to ar-
range the arms 6 of the hub upon the surface
of an upwardly open cone above the rotor shaff
also In order to adapt as far as possible the path
of the sald arms to the path of the blades pass-
ing above them.

Pigute 12 illustrates a constructional form of
rotor corresponding to Figure 11 having inclined
lhub arms 6, drawn to a smaller scale and seen in
side elevation. The arms 6 are mounted in a
hub 6 which is rigidly connected to the rotor
shaft 10.

Figure 13 lllustrates a constructional form
similar to the form illusirated in Figure 12,
wherein however the hub arms & are carried by
a centre member 11 which is hinged at 8 to the
rotor shaft 10, Also In this case the hub arms
carry the flapping hinge 8 of the blades, also
drag hinges 12 which establish connection be-
tween the flapping hinge 8 and the hub arms 6.
A construction similar to the form illustrated
in Figure 13 and having a corresponding centre
membher 98 1s illustrated in plan view in Fig-
ure 20,

It is true that drag hinges 12 are known in -

helicopters having only one rotor or two non-
meshing rotors, but in the case of intermeshing
rotors such drag hinges have hitherto been
avoided, as 1t was assumed that the drag move-
ment would involve the risk of the blades of
one rotor coming Into contact with the blades
of the other rotor. Calculations which were
confirmed by tests showed however that the
horizontal amplitudes of oscillation of the blades
in flight amount to only a few degrees, so
that for the purpose of ellminating the trans-
mission of bending moments or of reducing
sald bending moments it is advisable to utilize
drag hinges which are known per se, also In
the construction of twin helicopters.

According to further tests it was found that
the rotor worked particularly smoothly when, in
accordance with Figure 13 but contrary to the
hitherto usual arrangement, the drag hinges are
attached directly to the hub or to the arms 6 of
the hub, that is to say on a part which does not os-
cillate during the rotation of the rotor, and be-
tween the flapping hinges § and the rotor shafts
t3. The reason for the smooth working thus ob-
tained lfes in that due to this arrangement of
drag hinges the angle enclosed between the flap-
ping hinge 8 and the blade axls does not vary.

Flgure 13 further illustrates the arrangement
of friction dampers 120 below the drag hinges
2. Thiz arrangement is recommended, as
agalnst the more usual arrangement above the
drag hinges for double helicopters In general,
as the only free space available in which the
dampers can be placed is usually below the drag
hinges without interfering with the clearance
for the flapping movement of the blades or the
clearance between the blades and the hub.

The construction according to Figure 13 af-
fords a fundamental advantage compared with
the construction illustrated in Figure 12 owing
to the hinged attachment of the centre member
{1 to the rotor shaft 18, according to Flettner’s
German Patents No. 617,916 and 652,018 and
653,402, The use of thls hinged arrangement
as hereinafter described in further forms of con-
struction illustrated in Figures 15, 19 and 20, is
important precisely In a double hellcopter,
wherein for the above stated reasons, hub arms
rigidly connected to the cenire member are
recommended Inasmuch as these hub arms 6
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form with respect to the rotor shaft |0, lever
arms for flapping moments, which would he
transmlitted to a considerable extent to the rotor
shaft 10 and thus also {o the fuselage, owing to
the forces which would be exerted by the blades
T upon the hinge joints 8 and 12, if the centre
member Il had not been arranged to hinge with
respect to said Sapping moments.

In a rotor having three or more blades, unl-
versal jolnis preferably take the place of the
joint 8 which is intended for rotors having only
two blades. Instead of arranging such individual
joints between each rotor shaft of the apper-
taining rotor, it will be sufficient for the purpose
of avoiding transmission of flapping moments
to the fuselage, to provide only one universal
joint between the fuselage and a housing encas-
ing in manner known per se the two Individual
rotor shafts (0 of the two rotors, and being
adapted to be plvoted together with sald rotor
shafts,

Figure 14 illustrates & plan view of a form of
construction of double helicopter according to
the invention, whereln control screws 33 are
provided. The pitch of the blades of sald con-
trol screws may be adjustable In known manner
(not illustrated) In order that the direction of
thrust of the control screw may be altered at
will according to the degree of control of the
fuselage which is desired. The fact is that the
use of such means of control, which are known
per se, is recommended in particular for con-
trolllng the position of the fuselage in fight of
a double helicopter having freely flapping blades
and especially in connection with a forward con-
trol known per se according to Figure 1, or blade
control according to Figure 2 (and Figure 20) In
order that the additional flapping movements
or inclinations of the blades of the rotors caused
by such controlling may be kept small, in order
to prevent all risk of contact between the blades
of one rotor with the blades of the other rotor.
To do this the controlling function of the rotors
can be partly or wholly taken over by other usual
means of control. In the latter case there {s no
need to use forward or blade control at all
‘Where these latter controls are preferred owlng
to other advantages, for example for hovering
purposes, it is recommended that the direct con-
trol or the blade control be coupled with any
other means of control; such coupling may be
adapted to be engaged or disengaged at will
Control by means of the control screw possesses
the advantage of remaining operative also when
hovering.

However, instead or besldes control screws,
other usual control means such as rudders, ele-
vators or allerons may be used without or In
addition to direct rotor control or blade plteh
control. There may also be provided at the front
or at the rear end of the fuselage one single
control screw, for example one having a sub-
stantially vertical shaft; when the pitch of the
blades of said control screw 1s simultaneously
varled in the same direction, the effect 15 that
of an elevator control; when the pitch of the
blades is perfodically varied during rotation in
manner known per se, the effect is that of a
lateral control. Finally elevator and latersl con-
trol can be effected by means of a pair of con-
trol screws having substantlally vertical axes by
simultaneously varying the pitch of all the blades
of both or of only one of the control screws, when
one of sald control screws Is arranged on one
side and the other control screw on the othey
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side of the fuselage at the front or rear end
thereof.

When separate confrol screws are utilized In
a douhle helicopter, these may serve the purpose
of compensating for the residual torque reaction
resulting from the relative angular arrangement
of the rotor shaft 10, by a slmultaneous alter-
ation of the pitch of their blades.

Flgure 15 illustrates the mounting of & pair of
blades in a construction of douhle helicopter
according to the Invention. In this case the
rotor shaft 10 encloses an angle r with the lon-
gitudinal axis of the blade 7; the spar 68 con-
necting the two blades is mounted rotatably
about its main axis at 800 in such manner that
the pitch of a blade is reduced during the up-
ward movement and increased during the down-
ward movement of the blade. This effect is in
general desired In the case of double helicopters
having freely flapping blades in order to keep the
range of the flapping movements which, in pa-
renthesis are caused by the aerodynamic forces,
as small as possible. The same remarks apply
to the constructions according to Figures 18, 19
and 20 hereinafter described which are similar
in this respect.

Figure 16 illustrates a constructional form of
the inventlon In froni elevation. In this case
there is provided a housing 13 encasing the two

rotor shafts 10, the latter being mounted in the 3

sald housing. The housing is pivotable about
a transverse axis or shaft 14 extending trans-
versely of the direction of flight. The sald trans-
verse shaft is rotatably mounted in a bearing
member 15 connected to the fuselage,

Figure 17 illustrates the construction according
to Figure 16 in a side elevation. It will be seen
that the transverse shaft 14 carries a control le-
ver 160 which is freely rotatable upon said shaft,
the lever being connected, by means of parallel
link mechanism 11, i8, 19 to the head or hub §
(compare Figures 1 and 2) so that when the free-
ly rotatable housing 15 pivoted the angle of the
swash plate I8 and thus at the same time the
angle enclosed by the planes of the eircles de-
seribed by the tips of the blades T are not altered
with respect to the fuselage. For this purpose
the second rotor (compare Figure 16) possesses
precisely the same control as iliustrated in Fig-
ure 17, the contirol being omitted here merely for
the sake of clearness. This mounting of the
housing (13) encasing both rotor shafts has the
advantage that an automatle compensating of
the residual torque reaction resulting from the
relative angular arrangement of the rotor shafts
is effected about the transverse shaft (4.

As menticned in a general way in the case of
Figure 13 there may also be provided in the case
of the particular constructions illustrated in Fig-
ures 16 and 17 a universal joint-like mounting
of the housing (13) about a further axis of ro-
rotation (extending perpendicular to the trans-
verse shaft 14, that is to say extending in the di-
rection of flight) in order to keep lateral mo-
ments away from the fuselage.

Figure 18 illustrates a form of construction of
the hingeing and control of the blades of a rotor
according to the main clalm of Breguet’s Ger-
man Pateat No. 567,584, class 62b which may
with advantage be used in a double helicopter ac-
cording to the invention in order to keep the
flapping movement as small as desired,

Flgure 18 is a plan view of the said construc-
tion, partly in section., To the rotor shaft 10
there are hingedly attached at 90 {he hub arms
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800 in such a manner that together with the
hlades they are able to carry out flapping move-
ments independently of each other ahout the
axis 90. Within the arms 600 there are located
the control hinges 38, Al the outer end of said
hinged shafts 35 there are mounted unjversal
joints consisting each of a drag pin 12 and a
flapping pin 8, to which the hlade spars 10 are at-
tached., For the purpose of rotating the control
shafts 35 confrol levers (34 act obliquely upon
their outer ends, said control levers 134 being
controlled by means of a push rod, which in the
drawing 1s seen in a longitudinal direction, and a
lever 142. The lever 142 is firmly attached to a
swashplate 14{ which In g manner not illustrated
in the drawing is universally mounted with re-
spect to the rotor shaft 10, and rotates when the
rotor shaft rotates. Upon this swashplate there
is rotatably mounted a guide ring 48 by means
of a bearing 4T, the conirol handle I8 acting
upon the sald guide ring 48 for the purpose of
tilting it in all directions.

With the arrangement shown in Figure 18,
when a blade flaps upwardly about the hinge 80,
the pitch or angle of incidence of the blade is re-
duced, as the hinge 8/12 is moved upwardly with
the upwardly moving blade, whilst the head 143
of the hinge ig retained by the appertaining push
rod 142 in its initially determined fixed position,
s0 that the control lever 134, i5 pivoted in the di-
rection in which it reduces the pitch of the blade.
Conversely a pivoting of the control lever 134 in
the opposite direction causes the pitch of the
hlades to be increased during the downward flap-
ping of the blades. Turther explanations of de-
tails of construction regarding this control may
be gathered from the specification of German
Patent No. 567,584 and for the sake of simplicity
they are omitted here.

In the arrangcment illustrated in Figure 18 the
aerodynamic forces acting upon the blades are
utilized for the purpose of causing the deslred
independent automatlc variation of the plich of
the hlades during flight. 'This offers the ad-
vantage that also localized gusts, for example,
acting upon one blade only, involve an automatic
compensatlon by varying the pitch of thls par-
ticular blade,

However, the arrangements for keeping the
beating movements small are simpler from the
point of view of eenstruction, when in manner
known per se the compensating control of onhe
blade is made dependent upon a corresponding
ccntrol of the piteh of the other blades or of the
other blade by means of a pivotable centre mem-
ber common to all the blades. Constructional
forms of such arrangements the application of
which to double helicopters according to the In-
vention is to be preferred are illustrated in Fig-
ures 15, 19 and 20, Fundamentally the advan-
tage which these arrangements have over
Breguet’s arrangement in Figure 18 is that all
the blades cooperate in effecting a compensating
of the pitch due to the aerodynamic forces act-
ing upon said blades.

In other respects thc constructions shown in
Figures 15 and 19 are based upon the same fun-
damental idea as regards the arrangement anhd
adjustment of the flapping hinges, as in
Breguet'’s arrangement in Plgure 18. This basic
idea consists in providing a flapping hinge axis
located at an anele with respect to the longitudi-
nal axis of the blade due to which {he pltch of
the blade is reduced during the upward flapping
of the blade and increased during the déwnward
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flapping of the blade. In the arrangement ac-
cording to Figure 18 such a flapping hinge {s not
malterially embodied yet virtually present, as the
blades do In fact carry out a flapping movement
about imaginary flapping shafts extending at an
angle with respect to the longitudinal axes of the
blades, due to the control described, by means
of the firmly retalned end i43 of the control le-
vers 134. In Figures 15 and 19 on the other hand
the flapping hinge for both blades and disposed
at an angle is materially embodled in the form of
the shaft 800.

Figure 19 lllustrates a plan view of an inclined
arrangement of the blades recommended also for
twin helicopters and corresponding substantially
to the arrangement in Figure 15. there being
however provided for the blades in the former in
addition to the inclined common flapping hinge
880, separate flapping hinges 8 upoen stub axles 50
extending at an angle with respect to the shaft
800, in order to reduce the bending moments in
the blade spars T10. The bearing of the shaft 800
forms part of the rotor shaft {0 and thus rotates
when the latter rotates.

Plgure 20 illustrates the already previously
proposed method of reducing the pitch of the
blade according to Flettner’s German Patents
617,916, 652,018 and 653,402 when the blade flaps
upwardly, and of increasing the said pitch when
the blade Is flapping downwardly. The use of
such devices In double helicopters according to
the Invention is recommended as against the pre-
viously described method according to Figure 19,
especlally when the periodic individual control
of the pitch of the blades, which is preferred for
other reasons explained hereinafter, is to take
vlace.

Figure 20 illustrates a plan vlew partly in sec-
tion of such a control In a rotor having only two
blades. However, it is an advantage In this kind
of control that from constructional point of
view 1t can easily be adapted to rotors having
more than two blades in contradistinection to
the controls according to Figures 18 and 19. In
the last mentioned case of more than two blades,
the hub carrying all the blades must be pivotable
in all directions with respect to the rotor shaft,
according to German Patenls No. 652,018 and
No. 653,402.

In the case of Figure 20 the rotor hub (10
which 1s common to the blades is ptvotable about
the shaft 900 merely in the manner of the beam
of a balance, sald shaff 900 belng mounted in a
part connected to the rotor shaft 18 and thus
rotates when the latter rotates. The blades are
mounted in the habby means of control shafts 35
which are hinged in the direction of the longi-
tudinal axis of the blades and rotatable about
the sald shafts 35. The adjustment of the pitch
of the blades about these shafts 3% 15 effected
fundamentally in the same manner as in Flgure
18 (according to German Patent No. 653,402)
by means of the control arms 340, which are rig-
1dly mounted on the shafts 3% and otherwise cor-
respond to the control levers 134 in Figure 18.
At a certain setting of tkis hlade control the end
points of the control arms 340 are fixed in respect
to the rotor shaft, so that when the aerodynamic
forces cause the hub 110 to be pivoted about the
axis 800, the desired variatlon of the pitch 1s ef-
fected owing to the control shafts 36 being turned
and the control arms 340 pivoted.

The contrel of the flying position of a heli-
copter or double hellcopter, hy means of perlodic
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during rotation, explained with reference to Fig-
ures 18 and 20 in the case of a rotor having two
blades (or two intermeshing rotors each having
two blades) (compare Figure 2) Is recommended
for a double helicopter mccording to the Inven-
tion, also when using rotors having more than
two blades because in the case of said control
calculations and tests have shown that the nec-
essary {ree flapping range of the blades is smaller
than in the case of the usual direct control. The
periodical adjustment of the pitch angles pro-
duced by the blade control is, in the case of a
hub according to Figure 20 or a hub which is piv-
otable in all directions (Figures 16 and 17) so
influenced, as may be seen In Figure 20, that a
maximum value of the pitch angle is obtalned
in the position of a blade perpendicular to the
drag hinge and on the side where the blade 1s
moving downwardly. When the sald rotor blade
control is provided on both rotors of the twin-
rotor helicopter, the fore and aft or the lateral
control can be effected by common periodic vari-
ation of the pltch of the blades of both rotors
in phase; in the case of fore and aft control
the pitch of the blades of both rotors attains a
maximum and a minimum value in the position
in which the blades are located transversely to
the direction of flight, whilst in the case of lat-
eral control the pitch of the blades of both roteors
attalns a maximum and a minimum value when
the blades extend in the direction of flight.

For the purpose of rudder control of the double
helicopter according to the invention the blade
control may also he utilized by Increasing the
pitch of all blades of the one rotor and/or re-
ducing the pitch of all blades of the other rotor.

It has not hitherto been attempted to use this
kind of rudder control, which is known in the
case of helicopters having co-axially disposed
rotors, in double helicopters having freely flap-
ping blades, as sald control increases the coning
angle of the one rotor whilst reducing the con-
Ing angle of the other rotor, thus increasing the
danger of the blades hitting eacn other. Care-
ful calculations show however that it 1s passible
also In the case of the sald control to avoid the
danger of the blades coming into contact.

For twin helicopters according to the inven-
tion 1t should be noted in particular that it Is
known that a lateral incllnation of the plane of
the tip eirele of the blades occurs when the fly-
ing speed Increases, (increasing tip speed ratio)
in the direction of the slde upon which the hlades
move in the forward directlon. The inclina-
tion of the planes of the tip circle of the blades
of rotors rotating in opposite direction 15 thus
elther directed towards each other or away from
each other according to thelr direction of rota-
tion. Both alternatlves are undesirable, as In
the one ease there occurs an unnecessarily large
angle between the rotor shafts with a corre-
sponding loss of power and the other case In-
creases or lnvolves the risk of the blades of one
rotor coming into contact with the blades of
the other rotor.

This drawback can he overcome according to
the invention by initiating, by means of the fore
and aft control a lateral tilting of both planes
of tip circles according to the direction of rota-
tion of the rotors either toward or away from
each other. This avolds dangerous tilt positions
as the position of the fore and aft control de-
termines the flying speed or the tip speed ratlo,
which latter causes the undesired lateral incli-
nation.
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The particular conditions of stability in a dou-
ble helicopter according to the invention during
the forward flight may in certain circumstances
make it appear advantageous to couple the fore
and aft control (inclination of the blade tip cir-
cle) with the operation mechanism of elevator
control surfaces of the usual design, in such a
manner that both controls are actuated at the
same time, this being ensured by means of a posi-
tive coupling.

As the lateral Inclination of the tip circles of
the blades which has been provided as being
suitable involves the risk of the blades cf onhe
rotor coming into contact with the blades of tha
other rotor, it may be found advisable to make
the said lateral control effect relatively weak and
to so proportion it to ensure hovering or rising
without forward movement. Tor forward flight
this control should then be supplemented by the
action of lateral control surfaces of the usual de-
sign which are operated simultaneously and do
not become cperative until forward flight takes
place. For the purpose of attaching the lateral
control surfaces an additional fixed wing should
be provided on twin helicopters.

For the purpose of avolding undesirably large
flapping angles when directional contrel is ef-
fected by mutual variatlon of the blade pitch of
both rotors it may be found advantageous to
make the available directional control weak, also
proportioning it in such a manner that it will
be Just sufficient to ensure hovering or rising
without forward movement. This control should
then be supplemented by the action of a direc-
tional rudder of the usual rlesign being operated
simultaneously but operalive only during forward
flight,

When it is desired to eliminate ab initlo any
risk of the blades coming into contact with each
other owing to the inclination of the tip circles in
the directlon toward each other In the case of
forward control and when using rotor shafts piv-
otable in al] directions, the commeon housing men-
tioned in connection with Figures 13 and 17 and
cneasing both rotor shafts may be utilized for this
purpose, as it is pivotable in all directions with
respect to the maln driving shaft connecting it
to Lthe fuselage. This at Lhe same time offers the
advantage that no bending moment can be trans-
mitted from the twin rotor system to the fuse-
lage, when the blade control which for example
may be provided {s in manner known per se and
ag hereinbefore described so arranged that such
hending moments cannot be transmitted to the
fuselage by the control rods.

The free movability of the said housing can
however in certain circumstances glve rlge to
oscillatlon during flicht. In this case it may be
found advantageous to effect the rotation of the
housing in a positive manner by means of a sys-
tem of rods controlled manually or automatically
when variations of the residual torque occur dne
to the relative angular arrangement of the rotor
shafts.

Fgure 21 illustrates a front view partly In sec-
tion of a form of construction of the drive of the
twin helicopter saccording to the inventlon.
There would be a temptation for the purpose of
designing a drive to connect the two rotor shafts
10 of the double helicopter to each other by means
of a single pair of bevel gearwheels and to the
main driving shaft 28, This method of transmit-
ting the drive would however be unsatisfactory
in practice, as hellcal bevel gears having such g
smell angle of Intersection resulting from the
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preferred rotative posltions of the rotor shafts,
are difficut to produce. It is therefore more ad-
vantageous in the case of a double helicopter ac-
cording to the Invention as illustrated in Figure
21 to drive the two rotor shafts 10 by means of
two pairs of bevel gearwheels 23, 24 from g single
shaft 2§ extending parallel to the line connect-
ing the two hubs. This shaft 25 is mounted in
a housing 213 transversely of the dircctlon of
flight, said housing being firmly or, according to
Pigures 16 and 17, pivotally attached to the fuse-
lage. The common or main driving shaft 26 com-
ing from the engine drives the transverse shaft
2§ by means of bevel gearwheels 27, 28.

Another method of driving the two rotor shafts
of a double hellcopter according to the invention
is diagrammatlcally illustrated In Figure 22 (n
front and side view). In this simplified form
of construction the drive of the two rotor shafts
15 effected by means of intermediate shafts inter-
posed in the manner of universal joints and hav-
ing each a wormwheel 230 actuated by a common
worm 270, the shaft of which extends perpen-
dlcular to the plane in which both rotor shafts
lie. The shafts 29 and 30 of the wormwheels 230
extend parallel to the rotor shafts 10.

In many cases it will be necessary to arrange
the engine with a horizontal shaft in the fuselage.
In a double helicopter according to the inven-
tion the gearing connecting the two rotor shafts
to each other may be disposed level with the en-
gine shaft. Figure 23 illustrates diagrammati-
cally a front view of a construction intended to
meet this case. The axes of rotation of the rotors
are connected by means of the joint shafts 31
and the shafts 100, which are carried by a gear-
box (not 1llustrated) and extend parallel to the
rotor shafts, to the bevel gearwheels 23. The
gearwheels 28 mesh (gs illustrated in Figure 23)
with the gear-wheels 24, which by means of a fur-
ther bevel gearing ate driven by means of the
common shaft 28 of the said bevel gearing. This
arrangement is satisfactory as it results In the
common, centre of gravity of the aircrafi being
relatively low so that both stability on the ground
as well as stability of the double helicopter In
flight are improved. The shafty 180 which arc
connected to the rotor shafis of the rctors by
means of hinged shafts 31 and which are carried
in the gearbox must be parallel to the rotor shafts
in order to ensure uniformity of drive, which
would not be the case when the hinged shafts
were each connected to one rotor shaft and the
said rotor shaft were not parallel.

Due to ithe short distance belween the two
rotor hubs it s pessible in a double helicopter
according to the invention to enclose both roter
shafts and their bearings in cne commeoen stream-
lined casing lying preferably flush with the con-
tour of the fuselage, as illustrated in Figures 6
and 7. The double heliconter is in this manner
siven an appearance and the aerodynamic qual-
ities of a helicopter having only one rotor which
to a certain extent corresponds to the twin ro-
lorg retating in opposite directions according to
the invention.

The constructional forms 1Nustrated in Figures
24-30 and hereinafter described relate te im-
provements in the h'nging of 'he blades of a
helicopter according to 1he invention. The idea
underlying these improvements which offer par-
ticular advantages in the case of double-rotor
helicopters, are however generally applicable to
helicopters baving blades which flap {reely in
flight about Aapping hinges and the Aapping axes
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of which enclose acute angles with the Iongitudi-
nal axes of the blades. The incllned flapping
axes of the blades should preferably polnt out-
wardly in the direction of rotation. As is known
and as illustrated in Figures 15, 18 and 19, the
result of this is the desired Interconnection be-
tween the flapping angle and the pitch angle of
a blade such that the pitch angle diminlshes in
upward flapping and increases in downward flap-
ping; the degree of this interconnection depends
upon the magnitude of the acute angle enclosed
by the flabping axis of the blade and the longi-
tudinal axis thereof.

In all rotating wing aircraft Chelicopters and
aulo-retating gvroplanes) having freely flapping
blades, endeavours have always been made to ar-
range the flapping hinges as closely as possible
to the centre of the rotor in order to avoid bend-
ing moments on the rotor shaft. Now, when it is
desired to fix drag hinges for the blades prefer-
ably perpendicular to the flapping hinges, as is
known in the case of flapping hinges which are
at right angles to the longitudinal axls of the
hlade, the said drag hinges must be arranged
at a certain minimum distance from the centre of
{the rotor in order to avoid undesirably large
angles of lag of the blade. It is therefore an
obvious and slso usual manner of construction
1o fulfil the two conditions, viz, minlmum dis-
tance hetween flapping hinge and centre of rotor,
and at the same time a certain minimuym dis-
tance between the drag hinge and the centre
of the rotor, by arranging the flapping hinge
necarest the centre of the rotor and the drag
hinge further out in the direction of the tip of
the blade. This sequence of the hinges iIs sat-
isfactory for helicopters in the case of which
there ave only very slight defleections during
flight of the blade at the drag hinge. In the case
of helicopters, 1arge angles of lag of the blades
occur proportionately with the magnitude of the
driving tqrque. In the case of the aforesaid
usual arrangement of the hinges, the angle en-
closed by the flapping and the longitudinal axis
of the blade increases as the angle of iag In-
creases, and thus the degree of coupling between
the fiapplng angle and the pitch angle of the
blades is also altered. This applies also In the
case of arrangements in which the flapping hinge
is approximately at right angles to the Tongitudi-
nal axis of the blade snd tests have shown that
even in this case the smoothness of the rotor Is
appreciably interfered with owing to the fact
that the interconnection between flapping angle
and pitch angle varies with the variation of the
angle of lag. The relative alteration of the de-
gree of Interconnection is therefore the greater,
the more acute the angle between the fiapping
axis and the longitudinal axis of the blade is
chaesen. But it is precisely in the case of inclined
flapping hinges that it is necessary to make the
interconhection between the flapping angle and
pitch angle independent to the magnitude of the
anele of lag of the blades.

This is achieved according to the present in-
vention by arranging a drag hinge between the
centre of the rotor and each of the flapping
hinges. In this manner the angle 3 (compare
Figure 27) lhetween the flapping axis and the
lengitudinal axis of the blade is made independ-
ent of the drag angle and thus also independent
of the driving torque. Where as 15 ysusal, special
hinges (control hinges) are provided in addition
to the flapping hinges and drag hinges between
the centre of the rotor and the flapping axes, the
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blades being adjustable about said control hinges
by means of a control, the drag hinges are ac-
cording to the present invention preferably in-
terposed between the control hinges and the flap-
ping hinges. The theoretical axes of the three
hinges of each blade arranged in the sequenhce
according to the present invention may in the
case of a suitable constructional form intersect in
one point in order in this manner to avold in-
terference from moments about the control axes.

The axes of the control hinges which serve the
purpese of altering the thrust or the posttion of
ihe circle described by the tips of the blades usu-
ally extend in the direction of the longitudinal
axis of the blade or approximately parallcl there-
{o. However, according to the present invention
the axes of the control hinges should preferably
extend almogt perpendicular to the longitudinal
uXis of the blades, because in this case a salis-
factory constructional form results even in the
case of relatively acute angle between flapping
axis and longitudinal axis of the blade.

According to the preseni invention ithe drag
hinges may be disposed in an inclined position
so that downwardly they point in the outward
direction. Tests have shown that In the case
of a combination of a drag hinge of this kind
and an inclined flapping hinge having an axis
directed outwardly In the direction of rotation,
ihe coupling of the angles of flapping, angle of
lag and pitch is such that friction dampers per-
pendicular to the blade axis required in the case
of drag hinges can bhe omitted and forces thus
avoided in the control.

In the constructional forms illusirated by way
of example of this improvement, Figure 24 shows
a constructional form in slde elevation in the case
of a two-bladed rotor, Flgure 25 a diagrammatic
view of a portion of the control, Figure 26 a ver-
tical section through the control hinge 3% of the
constructional form lilustrated In Flgure 1; Fig-
ure 27 is a plan view of the constructlonal form
illustrated in Figures 24 and 26 partly in section
through the control axls 35 for various drag an-
gles; Figure 28 a further constructional form in
plan vlew In the case of the three-bladed rotor;
Figure 29 a modifled constructional form similar
to the form lllustrated in Figure 28, in side ele-
vation: Figure 30 is a plan view of the construc-
tional form ilustrated in Figure 29.

Figure 24 {llustrates the arrangements of drive,
hinges and controls for the blades of a helicopter
rotor having only two blades. In this figure the
blades are shown as being broken off the blade
roots or spars 18, whilst In Plgures 25 and 26 a
portion of the sustentory blade surface 1, at-
tached to the blade spar 10 may be recognized.
The blade roots T0 form axes B for a flapping
hinge, which is attached at 80 to the [orked ends
of the arms 500.

The arms 508 possess a common contro] hinge
35 by means of which said arms are hinged in the
centre of the upper end of the rotor shaft i0.
Said hinge 35 of the control hinge extends almost
at right angles to the longitudinal axes of the
blades. Bach of the two hinges 8, 80 Is mounted
betweeti the prongs of the fork of the arms 500
by means of the drag hinge 12, the rotation of
which is damped by dampers 120. The drag
hinges (2 extend at right angles to the flapping
axes B,

Push rods 43 (Flgures 24 and 25), for conirol-
ling the arms about the hinge 35 act upon the
forked ends of the arms 500 by means of univer-
sal joints 884 in a direction almost paralle! to the
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extension of the drag axes 12. At their lower
ends the push rods 43 are connected by universal
Joints 340 to the arms 42. The arms 42 at the
same time each form the axls 4B of a universal
joint the other components of which are the
intermediate ring 38 and the other axis 44, the
latter mounted In the push rod 54 which is ar-
ranged longitudinally siidable In the elongated
slot of the axis of rotation 10. The universal
Joint axis 44 Is also mounted vertically slidable
in the elongated slot 71 of the rotor shaft 10. An
up and down movement of the lever 54 effects a
uniform alteration of the thrust of all the blades,
When the rotor shaft 10 rotates, the universal
Joint 44/38/45 also rotates. A guide ring 41 is
plvotably mounted upon the axes 45 and carries
on its lower portion a ball bearing 41. The outer
race of the ball bearing 47 lies within a control
ring 48 carrying a lever 4% which Is retained
against rotation about the axls 10 on the fuselage
by means of levers not illustrated in the drawing.
By means of a control lever 18 the lever 49 may
be pivoted in all directions about the universal
joint by the pilot. By this means the plane of
the circle described by the tips of the blades 10
of the rotor may be inclined as desired.

Figure 27 {llustrates in heavy lines the pivoted
position of the right blade 1, 10 with respect to
the position shown in Flgure 26, whilst the non-
pivoted position is shown by dotted lines. It will
be seen from this flgure that the acuie angle
which the longitudinal axis of the blade encloses
with the ax!is 8 of the flapplng hinge 1s iIndepend-
ent of the pivoting movement in both cases.

In the case of the constructional form llus-
trated in Figure 28 three blades are provided,
each being attached to a hub arm 6 by means of
a fiapping hinge, 8, 80, a drag hinge 12 connected
and perpendicular thereto, and a control hinge
85 connected and perpendicular to the drag
hinge, the hub arm being rigidly connected to the
rotor shaft 10. For the sake of clearness only
one blade ls shown whilst the other two hub
arms 6 are shown as broken off, The hinges are
in accordance with Fgures 24, 26 and 27 ar-
ranged between the fork end of the hub arms 6,
in which however not the drag hinge axes 12, but
the control hinge axes 35 are directly rotatably
mounted. At the end of each control hinge axis
85 there 1s firmly attached a control arm 88 at-
tached to the control ring by means of a uni-
versal joint 34. The control can be transmitted
to the control ring 41 in the same manner as in
Plgures 24-27, which should be connected to the

rotor shaft 10 so as to be both plvotable with

respect thereto, slidable in the longitudinal axis
thereof and rotatable when the rotor shaft ro-
tates. Also in the case of this constructional
form the hinge axes of the control hinges 38§ ex-
tend almost perpendicular to the spar axis of the
appertaining blade.

Figures 29 and 30 {llustrate a constructional
form corresponding to Figure 28 wherein however
the drag axis of the drag hinge t2 enclose an
acute angle ¥ with the spar axis of the apper-
taining blade 7. The arms 88 for controlling the
eontrol hinge (35) in this constructional form are
acecording to Figure 1 connected to the control
ring 41 by means of universal joints 84 and push
rods 43. The control ring 1s connected to a uni-
versal joint and to a system of control rods 16
in exactly the same manner as described with
reference to Flgures 24 and 25. The same kind
of constructional form of control can also be
utilized in the constructional form {illustrated
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in Fgure 28, in which for the sake of clearness
the said control is not 1llustrated In detail,

In the case of the arrangement according to
Figure 28 it would be quite possible from the point
of view of constructlon to Interpose the drag
hinge between the control hinge and the centre
of the rotor. Said drag hinge would then of
course be pivoted slmultaneously with the drag
movements of the arms 88, so that the universal
joints 34 and 340 in Pigure 29 would no longer
be located perpendicularly ebove each other and
kinomatle errors would occur In the controlling
especlally In the case of Inclined drag hinges
(Figure 29), Whilst the improvements devel-
oped with the ald of Figures 24-30 refer in the
first place to the sequence of blade hinges as ar-
ranged In the case of hellcopters In so far as sald
improvements may be of advantage In all heli-
copters, the constructional forms illustrated in
Plgures 31-38 are restricted to the arrangements
and improvements being applied to double heli-
copters or twin-rotor helicopters according to
the present invention. In this arrangement
there is a substantia]l improvement, independ-
ently of the sequence of the blade hinges, namely
that the flapping axes of the blades are outward-
ly directed in the direction of fllght and enclose
an scute angle with the blade spar axis of the
appertaining blade,—even If {n the case of & hell-
copter having only one rotor the sald arrange-
ment constitutes no advantage. In the case of
the double helicopter according to the present
invention this precautionary measure does how-
ever, as wlll be seen from the statements in ref-
erence to Flgures 15, 18 and 19, facilitate the
solving of the problem of avolding, during start-
Ing and landing and also under extraordinary
flying conditions, mutual contact between the
freely flapping, intermeshing blades of the two
rotors. ' C

The constructional forms illustrated in Flgures
31-38 relate to control arrangements which are
particularly sultable in the aforesald case, sald
constructional forms belng important in the case
of double helicopters also independently of the
control arrangement,

The manner hereinbefore described of in-
clined hinging of the blades is admittedly known
in the case of co-axially superposed rotors, but
particular importance attaches to sald inclined
hinging in the case of double helicopters accord-
ing to the present invention, where it is Impor-
tant on the one hand to limit the range of the
flapping movements and on the other hand to
maintain the freedom of the fAapping movements
and to ensure during rotation & uniform thrust
also at high ratios of forward speed to tip speed.
A thrust which is uniform over the whole rota-
tion is obtalned according to the genheral expla-
nation given at the beglnning hereof, by the aid
of freely flapping blades. Now, when however
the blades are hinged by means of & flapping
hinge according to the improvement illustrated
in Figures 24-38 uniformity of the thrust also
at tip speed ratio is obtained as a result of the
flapping movement itself owing to the relative
alteration of the angle of incldence, without caus-
ing the flapping movement to become too great;
in fact where each flapping hinge axis about
which the blades oscillate, extends at an angle
to the blade spar axis smaller than 90°, there
ocellrs simultaneously with the Happing move-
ment & kinematically produced alteration of the
angle of incldence tending to counter-balance

~ the thrust, when the flapping axis is located in
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front of the blade spar axis in the direction of
rotation.

Figures 31, 32 and 33, 34, 356 and 36 lllustrate
-diagrammatically partly in plan view, partly in
side elevation one constructional form each of
the improvement whilst Figures 37 and 38 illus-
trate in perspective and in front elevation the
application of the improvement to a helicopter
or double helicopter and the controls and drive
of the helicopter,

Figure 31 is a plan view of one constructional
form; the blade T is connected to the arm & and
the hub 5§ by means of an inclined flapping hinge
§, 3 control hinge 38 being interposed. The axis
of the flapping hinge 8 encloses an acute angle
3 with the blade spar axis. Owing to the In-
clined positlon of the hinge each upward and
downward movement of the blade 1s connected
with an alteration of the angle of incldence of
the blade. - In flight the blade assumes in known
manner a position of equillbrium under the ae-
tion of centrifugal force, inertia and aerody-
nginic forces. Now, when as a cohisequence of a
gust of wind or the like, there occurs for exarmnple
an increased upward thrust, the blade flaps up-
ward and at the same time reduces the angle
of incidence. Thils in turn reduces the upward
thrust and the flapping movement of the blade
is. glmost brought to a standstill. The control
of the rotary blade may be effected by rotating
the control hinge axis 36 by the aid of a lever 34.
In this cese the hinge may be controlled period!-
cally during rotation (altitude and lateral con-
trol) or simultaneously for all blades (directional
control, chahge over from helicopter to autoro-
tating gyroplane). The action of the control
hinge is such that the blade flaps about a Imean
pitch position, which is controlled by the position
of the control lever 34. When for example the
ball head of the lever 34 is set low down the
result is a large angle of incidence for the mean
position of the blade and corresponding increase
in.the thrust of the blade.

Figures 32 and 33 illustrate a slmilar construc-
tional form in plan view, wherein however a fur-
ther drag hinge 12 is provided which is advan-
tageous for the purpose of reducing the moments
and forces in the plane of rotation. In the sald
drag hinge 12 a frictlon damping device or the
like may heincorporated. In this constructional
form it js important that the drag hinge 12 be
arranged closer to the hub than the flapping
hinge 8. The sequence of the hinges is such that
the control hinge 35 is attached nearest the hub,
then follows first the drag hinge 12, and then
the flapping hinge 8. The advantage of this
arrangement lies In that the angle between the
blade spar axis and the flapping hinge is not
altered when the blade oscillates about the drag
hinge, so that also in the event of the blade lag-
ging .hackward the relation between flapping
angle and pitch angle remains unaltered once
it is set to the position which is found to be
satisfactory. By arranging the control hinge
nearest the hub kinematic errors of control are
avolded.

Figure 32 illustrates for example the condi-
tionsg In the case of a gyroplane and Figure 33
the conditlons in the case of a helicopter. In
the helicopter condition the blade lags behind
the hub. but the angle % is maintained despite
this Jagging, and thus also the degree of coupling
between pitch angle and flapping angle remains
~unaltered.

- Where circumstances -permit (heavy blades,
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high rotational speed), the angle 3 may be less
acute than illustrated in Figures 30-33. In these
cases It Is advisable to effect control by rotating
the hinges about an axis which as far as possible
coincides with the blade spar axis. Such a con-
structional form is illustrated in plan view in
PFigure 34. The blade T is connected to the con-
trol hinge 35 and the hub 5 by mecans of the
flapping hinge 8 and the drag hinge 12. The
control hinge is located in the extension of the
blade spar axis and is cyclically or simulta-
ncously adjusied by means of the lever 34,

In order to avoid vibrations due to the flapping
movements of the bilades being transmitted to
the hub ar to the control, a further flapping hinze
28, may be provided further out along the blade.
This hinge also has the conslderable advantage
that the maximum movement permitted by the
main hinge 8 may be still further reduced seo as to
allow movements to be carried out only about the
auxiliary hinge 28 for example in the case of
heavy loads (strong gusts of wind). By choosing
an acute angle between the auxiliary hinge 28
the blade spar axis in the same manner as be-
tween the main hinge 8, a very great reduction
in upward thrust can be coupled to the flapping
angle, so that no great stresses oceur at the inner
portion of the blade even when the rotation
about the main hinge 8 outside the normal range
of rotation Is limited by means of a stop.

The constructional form illustrated in Figure
36 (side elevation), and in Figure 36 (plan view)
has the advantage thet bulky component parts
such as friction dampers may be omitted; by
inclining the drag hinge I2 to apn angle of ¢
and having suitably chosen the rotary blade con-
ditions, it iz possikle to obtain & damping of the
drag movement, without the neccssity for pro-
viding additional {riction dampers. As a result,
the constructional height of the hinge may be
reduced. Further advantages are gained in that
by suitably choosing the Inclination of the hinge
and the distance from the axis, an automatic al-
teratlon in the angle of incidence is effected,
namely in that when driven, the blade lags and
increases the angle of incidence. In the. same
manner the angle of incidence would automat-
ically be adjusted from that of a helicopter to
that of gyroplane as scon as the motor drive
breaks down or is throttled back, The essential
and also hitherto unknown point {s that the in-
clined drag hinge 18 is nearer the hub than the
flapping hinge 8, as in that case the angle 5 is
independent of the driving torque.

Figure 37 illustrates diagrammatically a heli-
copter arrangemecnt with the appertaining con-
trol arrangement for the adjustment of the pitch
angle of the blades. The flgure illustrates only
one rotor hub (3 having two blades only partly
drawn: however the control device is arranged
50 as to act upon the klades of two rotors which
may be disposed with respect to each other ac-
cording to the invention.

On the control hinge axes 35 whicli are rotat-
ably mounted in the hub 5, there .are located
rigid and bent control arms 880. Two push rods
43 act upon the sald control arms by means of
universal jolnts 34 the lower ends of the said
push rods being connected to & rod 410 by means
of universal joints 52. The rods 210 constitute
a portion of the outer Cardan ring 41, which to-
gether with the two pins 448 and 420 and the in-
ner Cardan ring constitutes a universal joint piv-
otable in all directions. The axis 420 passes
through longitudingl slots T{ in the rotor slaft 10
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and 1s entralned by the rotor shaft when the lat-
ter rotates. The drive of the rotor shaft 10 is
not ffustrated. The axis 420 is mounted {n the
push rod 64 so as to be slidable together with the
latter in the longitudinal direction of the rotor
shaft 10.

The Cardan ring 41 possesses a collar 460 upon
which a further control ring 48 acts by means of
a ball bearing 41. The control ring 48 iz con-
nected to the control rod 49 by means of a joint
53. The parts just described of the control ar-
rangement, with the exception of the rod 49, are
symmetrically duplicated In the case where a
second rotor is to be simultaneously controlled,
whilst the rod 49 and the controlling parts ahout
to be described are common to both rotors.

In the centre of the rod 49 there is mounted by
means of & universal joint §5 a control rod 490,
the upper end of which is joined by means of a
universal joint 58 to a fixed part 6T of the fuse-
lage. The lower end of the control rod 490 is con-
nected by means of a universal jolnt 59 to the
usual control lever or stick 16, Said lever 18 is
plvotably mounted at 59 in a fork-ended part 12,
which at one end Is rotatably mounted at 63 in a
direction perpendicular to the direction of the
drag hinge 59 and of the lever 16, The bearing 63
is located in a part 64 firmly attached to a shaft
61 which is rotatably mounted in two fixed parts
62 of the fuselage,

The fixed parts 62 of the fuselage further con-
stitute a bearing for a shaft 69 to the ends of
which fork pieces 6T are keyed. The split ends
of the fork pleces 6T encase pins 66, projecting

from the outer portion of a thrust bearing 65, by -

means of the inner portion of which the rod 54
s rotatably mounted,

A control lever 66 sets upon the shaft 69 at one
of the fork pleces 67, the sald lever enabling the
fork ends to be pivoted about the axis §9. During
such pivoting movement of the lever 68 the rod
64 is displaced in the longitudinal direction with
respect to the rotor shaft 10, the rod 420 being at
the same time displaced in the direction of the
slots Tl; at the same time the push rods 49 are
also thereby displaced and the control lever 860
together with the control axes 3% are rotated.

The control Iever or stick 6 makes it possible,
as will be seen, by means of the control arrange-
ment described, to effect a pivoting of the blades
T In opposite direction for any desired point of the
path of rotation in such a manner that this ad-
justment 1s maintalned for each point of the path
of rotation and continues to recur cyclically dur-
ing the rotation. In this manner the position of
the described tip-clrele-disc 1s controlled. The
same applies at the same time to the second ro-
tor which may be connected to the system of con-
trol levers,

The lever 66 further makes it possible to pivot
all the blades of one or both rotors in the same
direction in such a manner that this adjustment
is maintained Jn equal measure through the en-
tire rotation of the blades, independently of the
adjustment which the lever 16 may superpose
thereon. In this manner the lever 68 serves to
alter the thrust of one or both rotors.

Plgure 38 illustrates partly in section a front
elevation of a double helicopter wherein the con-
trol arrangement according to Figure 7 has been
provided for both rotors; the system of control
rods attached to the joint 65 of the control red
49 which is common to both rotors has been omit-
ted for the sake of clearness, only the links 580,
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160 for guiding the control being illustrated in
this figure.

The two rotor shafts 10 are mounted in a com-
mon housing 130, contalning the driving gear for
the rotor shafts. Thils driving gear consists, as
{llustrated In Figure 21, of a pair of bevel gear-
wheels 23 keyed to the rotor shafts and engaglng
a pair of bevel gearwheels 24 both of which are
firmly keyed to a shaft 25. On the said shaft
there is keyed a bevel gearwheel 28 engaging a
bevel gearwheel 21, which in turn Is firmly keyed
to s shafl T2 mounted in the housing 130, and
connected by means of a universal joint T3 and a
further shaft T4 to the driving motor which {5 not
illustrated in the drawing., The said driving mo-
tor is located in the fuselage T which is adapted
to taxi on the ground by means of an undercar-
riage 16 with carrying wheels T7.

The construgtional form illustrated in Figures
39-46 represents a further Improvement upon a
double helicopter according to the present inven-
tion. The improvement provides other means
than the means illustrated in Figures 2438 for
meeting cases in which owing to the use of freely
flapping blades or blades pscillating about an in-
clined or virtually inclined hinge, there occur
during the siarting or braking of the rotors, in-
stances In which the relative wind or a gust of
wind would force individual blades upwardly or
downwardly. This might occur especially where
the rotors are rotating at a low speed of revolu-
tion, namely while the centrifugal force is still
below a certain minimum value. In these cases
there may thus be a risk that the blades of one
rotor would come into contact with the blades of
the other rotor.

It is the object of the improvement especially
in such cases to arrest or to limit the fiapping or
oscillating movements and if desired also the
drag or control movements of the blades about
the hinges concerned. Such a limitation or ar-
regting of the blade movements while on the
ground or when starting or braking the rotors,
that is to say at low speeds of rotation, has been
proved to be advisable also for the purpose of
enabling other parts of the aircraft (such as the
undercarriage, control screws or the like)} to be
disposed nearer to the rotor blade planes of ro-
tation, or for reducing the height of the aircraft
and increasing ground clearance.

According to the improvements these aims are
reached owing to the fact that the movements of
the flapping and/or drag and/or control hinges
are separately or simultaneously limited manual-
1y or by centrifugal force by means of stops con-
trolled by mechanical, electrical, hydraulic or
pneumatic controlling means, which when a cer-
tain rotational speed is exceaded or in the case of
manual operation allow complete frecedom in the
range of movement.

Figure 39 illustrates in side elevation a stop
controlled by centrifugal forces. The blade
spar T8 is hinged by means of the flapping hinge
6 and the drag hinge 12 to the fork end 78 of the
hubarm 6. Before the commencement of a flight
there is located between the blade spar T0 and
the stop of a hinge part 78 connected to the hinge
axis 12, a palr of rollers 84 attached to a link 83
which is hinged at 86 to the blade spar 10. The
link 83 guides & roller 8% which in the positicn of
rest is located between fork-shaped stops 81 of
the fork end 19 and 9f of the hinge part 18, the
latter possessing a damper (20. (Only the rear
fork parts of the stops 87 and 9( are visible on
the drawing.)
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Figure 40 illustrates the T-shaped arrange-
ment of the rollers 84 and 85 which for the sake
of clearness are shown in perspectlve. The
rollers 84 (Figure 39) prevent the blade from
failing to reach a certain flapping angle; whilst
the roller 85 limits the drag movemenf In the
deslred manner. As the rotational speed in-
creases during starting, the centrifugal force
of the parts 83, 84, 85 increases until it is suffi-
cient to release the hinges. The parts then as-
sume the position shown iIn dotted lines, in
which the rollers 84 impinge upon a stop 82 of
the blade spar 10. This position is maintained
during flight until the rotor is braked after
landing and falls below a certain speed of rota-
tlon in which whereupon the stop rollers again
enter between the hinged parts.

In order to ensure simultaneous release of all
blades during starting it will be found advisable
after reaching a certaln speed of rotation to
throttle the engine for a short moment or to
disengage it from the rotors, as this will relieve
the rollers 84, 85 of load so that their friction
upon the stops ceases and they are free to move
outwardly.

Figure 41 (slde elevation) illustrates another
stop controlled by centrifugal force. In this
case two rollers 840 and 850 constituting a T-
shaped arrangement are in a manner sim:lar
to the stop illustrated in Figure 39 pushed in
between the flapping hinge 8 and the drag hinge
t2 in the position of rest. In order to attain
greater actuating force there is arranged at a
greater distance from the aXis of rotation 10
of the rotor, In certain circumsfances within the
section of the blade T, a welght 94 upon a push
rod 93, also carrying rollers 8440, 850. A spring
88 which forces the roller 840 and the push rod
93 inwardly and hears agalnst a shoulder 98 of
the blade spar 10, is so proportioned that the
rollers 840, 850 do not release the stops 8T, 9{
and thus allow complete freedom of movement
until a pre-determined speed of rotation has been
reached.

Figure 42 (side elevation) illustrates a stop
for the flapping hinge 8 in the form of an eccen-
trie. 'The blade spar 10 rests upon a lip T80
of the hinge part 18, an eccentric 95, 96 being
interposed. The eccentric axis 95 is rotatably
mounted in the fork end of the blade spar. The
eccentric proper 96 is rotated through 90° or less
by means of & push rod and link 930, as soon as
the centrifugal force of a weight 940 overcomes
the force of a spring 890 interposed between a
collar on the rod 930 and a part 980 attached
in the blade spar 10, which spring pushes the
rod 930 inwardly. In this manner the range
of movement about the periphery of the eccen-
tric is increased, that is to say the blade is prac-
tically allowed complete flapping freedom.

The eccentric may also be so designed, if de-
" gired, as to be controlled by the pilot.

The stops controlled by eentrifugal force or
by any desired means (B4, 85, 840, 850, 95) may
in appropriate manner be applied also to in-
clined flapping and inclined drag hinges, for
example hinges as utilized in the consiructional
form illusirated in Figures 31-38.

Plgure 43 (side elevation) illusirates such an
arrangement. Both the flapping hinge 8 as well
as the drag hinge 12 are in this case arranged
in an Inclined position with respect to the blade
spar axis 10. The rollers 840, 850, arranged so
as to constitute a T push themselves owing to
the force of the spring 890 in between the hinge
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stops in a manner similar to the rollers in the
previous arrangements, of which stops only the
stop 8T heing {llustrated in the drawing for the
sake of clearness. The spring 830 which on lhe
one hand bears against the transverse member
99 of the push rod 930, and on the other hand
against the part 980, is already counter-balanced
by the centrifugal force of thc weight 940 at low
speeds of rotation.

‘The rollers 840 and B850 are preferably domed
or spherical; in the same manncr the faces of
the stops may he conical to suit the movements
about the hinges.

Figure 44 (side elevation} illustrates the de-
slgn of a stop 101 controlled by centrifugal force
for Imiting the flapping movements of two op-
positely arranged blades. The constructional
form of the hinging of the blades corresponds
to the main claim of the cited German patent
567,584 (Bréguét). The hub arms 60 are hinged
to the rotor shaft 10 at 80, On the arms 68
there are located the control hinge axes 3% atl
the outer ends of which a universal joint (2/8
Is located, to which the blade spar 10 is con-
nected. The control lever 88 of each control
hinge 35 is confrolled by means of swash plates
41, 48, a push rod 483 (Flgure 6) belng inter-
posed. The restricting of the flapping movement
is effected by means of a lock 102 which under
the action of a spring 103 tends to push in be-
tween the llps (04 of the arms 60 and thus
locking the movement of the arms 60 and the
hinge 88 when the speed of the rotation is low.

At higher rotational speeds, the centrifugal
force will however tend to raise the welght 101,
s0 that the angle lever 103 causes the lock 182
to be released, a hinge part 106 being inter-
posed. The hinges 8 and 12 may as In the case
of the prevlously described constructional forms
also be provided with adjustable or controllable
stops.

It Is generally desired, when starting and slow-
ing down the rotary blades, that the upward con-
ing angle of the blades shall as far as possible
remaln the same as in normal flight, and for this
purpose there is according to the present inven-
tion preferably provided a system of control for
the stops such that an auxiliary force, raising
the blades, is imparted to the blades as the rota-
tlonal speed thereof decreases. As a lifting force
any known power transmission (spring force,
compressed air, oil pressure, electric drive or the
like) may be utillzed. The source of energy may
be an external source (engine, compressed air
eylinder, etc.). It is however also possible to re-
lease the energy required for raising the blades
from a stored centrifugal force automatically
when the rofational speed decreases, so that be-
yond the energy required for driving tlie rotor no
other external energy need be supplied.

Figures 45 and 48 Illustrate two constructional
forms of automatic blade raisers of the kind just
described, in side elevation.

Figure 45 illustrates a device working by means
of oil pressure and compressed air. The blade
Tl is supported upon a projection (8T on the
drag hinge {2 by means of a cylinder (0T which
is under oil pressure and a piston !08, and a
pressure roller 184. An oil line 109 connects the
second cylinder (0T to a cylinder 111, located
near the blade tip. The eylinder (1] has a rela-
tively small diameter and large stroke compared
with the cylinder 10T. A piston 112 which is at
the same time a centrifugal weight closes the oil
pressure cylinder I {1 tightly against a compressed
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air ecylinder 1i3. The compressed air cylinder
can be filled by means of a valve I14. In flight
the piston 112 is centrifuged outwardly against
the air pressure so as to impinge upon a shoulder
in the cylinder, so that the sald piston cannot
produce an out of balance condition by its move-
ment. The oll plston 108 is then in its upper
positlon and releases the stop 184, 187T. When
a certain rotational speed is reached during the
slowing down, the air pressure in the cylinder
i 18 preponderates and the piston 112 travels in-
wardly and presses the piston 108 down, thus
causing the blade to be raised to the desired con-
ing angle, When starting, the process is repeat-
ed in the reverse sequence.

Figure 46 illustrates a corresponding arrange-
ment which however works purely mechanically.
In this case the lifting process is produced in
similar manner, except that instead of com-
pressed air, a spring (89 serves the purpose of
storing energy. Instead of the oil pressure trans-
mission, use is made of a mechanical transmis-
sion, consisting of a push rod 1983, the rollers 115
between incllned faces, the wedge lever 116 and
the pressure rollers 184. The centrifugal welght
194 is located on the extenslon push rod 193,
The constructional forms illustrated are merely
examples, and combinations of mechanical trans-
misslons ahd compressed air storage or combina-
tlons of oll pressure transmission, and spring en-
ergy storage or the like may be used alterna-
tively. Instead of the wedge lever 116 wedge 102
as illustrated in Figure 44 or an eccentric 85, 96
as Hlustrated In Figure 42 or rollers 84, 8% or
840,/850 as Illustrated in Pigures 39 and 41 and
43 are also feasible in which cases also the re-
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maining stops of the drag and control hinges
may be controlled either directly or by means of
remote control from the energy storing member.
The use of the arrangements mentioned is also
possible in the case of inclined flapping and in-
clined drag hinges (Figure 43) and also for a
larger number of flapping hinges (Figure 44).

Instead of the controlled stops, rollers, wedges
and/or stop surfaces according to the present
invention use may alternatively be made of re-
silient substances or shapes, which allow of re-
sillent deflection, in order that the Impinging
upon the stop surfaces may be as gentle as pos-
sible.

The arresting of the hinges (control hinges)
which are usually movable about the blade spar
axis and controlled by the pilot or automatically,
may alternatively be effected by nieans of cen-
trifugal stops. It is preferable to have all the
stops of one blade controlled by means of the
same welght.

Bafety devices such as electromagnets, Bowden
cables and the like may also be provided for the
purpose of releasing the stops of all the rotary
blades simultaneously; In the operative position
these safety devices must ensure that the stops
are retained in their working position.

The use of the basic idea and the details of
the last described improvements is as may be
seen also possible in the case of single rotors
not combined in twin-rotor helicopters and In
case of need they may he extended with advan-
tage to such twin-rotor helicopters, in particular
to helicopters of the constructional forms illus-
trated in Figures 23-30.

ANTON FLETTNER.,




