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(57) ABSTRACT 
A rotor blade coupling device (9) comprising a torsionally 
rigid carrier (4) is disclosed, the carrier (4) being mounted in 
a manner which is free of centrifugal force between a thrust 
bearing (3) and a control bearing (5), resilient impact and 
pivoting movements of the rotor blade coupling device (9) 
being able to take place in a damped manner. The rotor blade 
coupling device (9) is clamped between a rotor head star 
(101) and a rotor head central piece (102) and held rotatably 
about the rotor axis A. The centrifugal forces which occur, are 
transmitted from a rotor blade holder (2) to the rotor head star 
(101) and thus kept away from the carrier (4). 
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ROTOR BLADE COUPLING DEVICE AND 
ROTOR HEAD 

TECHNICAL FIELD 

0001. The present invention discloses a rotor blade cou 
pling device comprising a carrier and a rotor blade holder 
fastened thereto for receiving at least one rotor blade. 

PRIOR ART 

0002. Non-articulated rotor heads for rotorcraft, for 
example helicopters, have been known for many years. A 
plurality of rotor blades producing elevation are fastened in 
each case to a torque transmission element on a rotor mast 
comprising a rotor axis, via one respective rotor blade cou 
pling device. The rotor head transmits a torque to the rotor 
blades via the rotor blade coupling device. 
0003. In the prior art, a so-called “flexbeam is used as part 
of the rotor blade coupling device. Said flexbeam is designed 
to be flexible and torsionally resilient, whereby the impact 
movements and pivoting movements of the rotor blades 
occurring during the rotation are able to be damped. In this 
case, the pivoting movements occur in the rotational plane of 
the rotorblades and the impact movements accordingly occur 
in a plane perpendicular to the rotational plane of the rotor 
blades. 

0004. The “flexbeam’ is connected, on the one hand, indi 
rectly to the rotor head and, on the other hand, to the rotor 
blade and enables the rotor blade to carry out impact move 
ments and pivoting movements, said movements being able 
to be achieved by flexible portions and being damped by 
damping elements. 
0005. A rotor blade coupling device comprising a “flex 
beam' is revealed in GB 21 65026, said rotor blade coupling 
device being able to absorb and withstand bending and shear 
forces which are present, as well as centrifugal force during 
operation of the rotor. Said “flexbeam' is formed by a flex 
urally rigid beam which is partially surrounded by elasto 
meric material along the length and is completely surrounded 
by a torsionally resilient sleeve. A highly torsionally resistant 
bolt traverses the interior of the enclosed beam between con 
necting elements arranged on both sides, which are used for 
fastening to the rotor head and/or to the rotor blade. Thus a 
rotor blade coupling device which has the desired torsional 
and bending properties is achieved, in order, on the one hand, 
to permit the adjustment of the blade pitch about the rotor 
blade longitudinal axis and, on the other hand, to damp the 
pivoting and impact movements which occur. 
0006. The flexbeam, however, requires a plurality of com 
ponents and therewith a complex component which accord 
ingly has to be assembled in a complex manner in a plurality 
of steps. If, for example, a greater torsional rigidity is 
required, the entire flexbeam has to be disassembled in order 
to remove the bolt from the interior of the beam surrounding 
the sleeve. After replacing the bolt, the flexbeam has to be 
reassembled in a stepwise manner. The combination of the 
different properties of the components of the flexbeam leads 
to the desired resilient properties. The complex multi-part 
flexbeam thus has to be completely disassembled, if one of 
the properties is to be altered. The plurality of individual parts 
then has to be reassembled by being precisely adjusted rela 
tive to one another. 
0007. In DE 19620427 a flexbeam or supporting beam 
constructed in a simple manner is disclosed as a rotor blade 
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coupling device, which is able to transmit centrifugal forces, 
transverse forces and bending moments and torsional 
moments from the rotor blades to the rotor head, a virtual 
impact and pivoting joint being formed which permits an 
adjustment of the blade pitch about the rotor blade longitudi 
nal axis. 

0008. The flexbeam has different portions which have 
variable flexural rigidity. To achieve the different flexible 
properties, slots are arranged in the body of the flexbeam, 
which are partially filled with elastomeric layers. Also in this 
case, therefore, a multi-part flexbeam is provided which by 
the specific introduction of slots and the unreleasable fasten 
ing of elastomeric layers within the slots forms a resulting 
complex component, which has the desired resilient proper 
ties. 

0009. In order to adapt the pivoting and impact movement 
properties during the operation of the rotor, the entire flex 
beam has to be replaced. To adapt the damping properties, the 
shape of the flexbeam is notable to be easily altered. Also, the 
damping elements are not easily able to be replaced as, due to 
the high loads on the rotor blade coupling device, said damp 
ing elements have to be unreleasably connected to the flex 
beam body. 
0010. The flexbeams known from the prior art are thus 
configured in a complex manner, whereby the required flex 
ibility may be achieved. Moreover, the flexbeams are also 
designed to be stable. Such that the centrifugal forces acting 
on the rotor blade coupling device during the rotation of the 
rotor blades may be at least partially absorbed. 

DESCRIPTION OF THE INVENTION 

0011. The object of the present invention is to provide a 
rotor blade coupling device which may be easily adjusted, 
which may be replaced or varied easily, easy adjustment of 
the resilient properties being possible. 
0012. A further object of the present invention is to keep 
the direct action of the centrifugal forces away from the 
resilient damping portions and the carrier itself. The compo 
nents no longer need to be designed to be stable and are 
protected during operation. Moreover, improved fine tuning 
of the flexibility and/or rigidity of the carrier and the damping 
portions is possible. 
0013 By means of the disclosed design of the rotor blade 
coupling device an improved transmission of the blade pitch 
control is possible almost immediately, as a flexbeam which 
is torsionally resilient is dispensed with. In the solution 
according to the invention, the control input for the rotor 
blade is directly forwarded into a torsionally rigid carrier, 
which transmits the control commands to the corresponding 
rotor blade holder. The rotor blade coupling device is config 
ured to be torsionally rigid perse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014) A preferred exemplary embodiment of the subject 
of the invention is disclosed hereinafter, in combination with 
the accompanying drawings. 
0015 FIG. 1a shows a plan view of a helicopter, whilst 
0016 FIG. 1b shows a section through a rotor head along 
the cutting line A-A according to FIG. 1 a. 
0017 FIG. 2a shows a perspective view of a rotor head 
with a total of five rotor blade holders with the rotor blades 
omitted, whilst 
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0018 FIG.2b shows a plan view of the rotor head accord 
ing to FIG.2a. 
0019 FIG. 3 shows a perspective view of a rotor blade 
holder with a rigid holder, whilst 
0020 FIG. 4 shows a plan view of the rotor blade holder 
with the rigid carrier according to FIG.3 and 
0021 FIG. 5 shows a section through the rotor blade 
holder with the rigid carrier. 
0022 FIG. 6a shows a perspective view of a modified rotor 
head with a total of five rotor blade holders, whilst 
0023 FIG. 6b shows a perspective view of a modified rotor 
blade holder with a rigid carrier and additional tensile ele 
ment and 
0024 FIG. 6c shows a section through the modified rotor 
blade holder with the additional tensile element. 

DESCRIPTION 

0025. In the plan view according to FIG. 1a of a helicopter 
a rotor head 0 may be seen, on which a plurality of rotor 
blades 103 is arranged, in a manner in which they may be 
releasably fastened. 
0026. The rotor head 0 is fastened to a rotor mast 100, so 
that a rotation may be performed about a rotor axis A. Each 
rotor blade 103 is fastened to one respective rotor blade holder 
2 and thus is able to be rotated with the rotorhead 0 about the 
rotor axis A and pivotably mounted about a rotor blade lon 
gitudinal axis R. A torque transmission unit 1 which com 
prises a rotor head central piece 102, provides the torque 
transmission from the rotor mast 100 to the individual rotor 
blades 103. In this case, a rotor head 0 is shown by way of 
example, with five rotor blades 103 which are fixed by being 
releasably connected positively and/or non-positively in each 
rotor blade holder 2, so that centrifugal forces of up to a few 
hundred thousand Newtons are able to act safely on each rotor 
blade 103. 
0027. As illustrated in FIG. 2a, the torque transmission 
unit 1 comprises a rotor head star 101 which is fastened to the 
rotor head central piece 102 and is connected fixedly in terms 
of rotation to the rotor mast 100. The rotor head star 101 is 
shaped in the manner of a loop and holds a plurality of rotor 
blade coupling devices 9. The rotor blade coupling devices 9, 
in each case running between a tapered region 10 of the rotor 
head star 101 and the rotor head central piece 102, are 
arranged to be releasably fastened between the arms of the 
rotor head star of loop-like design. Each bearing housing 7 
arranged on the rotor head central piece 102 receives a rotor 
blade coupling device 9. The bearing housing 7 is fastened to 
the rotor head central piece 102 by connecting means, for 
example by Screws. 
0028. The rotor blade coupling device 9 comprises a con 

trol bearing 5, a carrier 4, a thrust bearing 3 and a rotor blade 
holder 2. By means of the rotor blade coupling device 9, the 
rotor blades 103 are able to be pivoted about the rotor blade 
longitudinal axis R which coincides with the carrier longitu 
dinal axis B. For reasons of clarity, the rotor blades 103 are 
omitted in FIGS. 2 to 5. 
0029. The direction of movement of the rotorblades 103 in 
the impact direction C is indicated in FIG. 2a and in the 
pivoting direction D in FIG. 2b. Movements in these direc 
tions are resiliently damped by the rotor blade coupling 
devices 9. 
0030 The rotor blade holder 2 is connected non-positively 
and/or positively to the rotor blade star 1 via the thrust bearing 
3, which is configured as a spherical bearing. The rotor blade 
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holder 2 is connected fixedly interms of rotation to the carrier 
4 via a flange 8 on the blade holder side and is connected 
fixedly in terms of rotation to the thrust bearing 3. The cen 
trifugal forces F acting on the rotor blade holder 2 during 
operation may, as a result, be conducted from the rotor blade 
holder 2 via the thrust bearing 3 into the rotor head star 1. The 
rotor blade coupling device 9 thus transmits the centrifugal 
force into the rotor head star 1. 
0031. By means of a control arm 6, the blade pitch may be 
controlled by pivoting about the rotor blade longitudinal axis 
R, in this case the carrier 4 and thus the entire rotor blade 
coupling device 9 are rotated in a torsionally rigid manner 
about the carrier longitudinal axis B. 
0032. In FIG. 3, a perspective view of the rotor blade 
coupling device 9 is shown. The bearing housing 7 fixed to the 
rotor head central piece 102 receives the control bearing 5. 
Said control bearing 5 is in this case configured as a spherical 
bearing. A flange 40 arranged on the carrier 4 on the rotor axis 
side is movably mounted in the control bearing 5. Thus the 
carrier 4 is movable in terms of pivotability and impact, and 
rotatably mounted on the rotor head central piece 102. The 
carrier 4 is configured to be tubular and torsionally rigid, the 
carrier 4 being designed to be resilient in the impact direction 
C and the pivoting direction D. The resilience may be varied 
by a Suitable choice of material and the geometric design of 
the carrier 4. The carrier 4 is connected fixedly in terms of 
rotation to the flange 8 on the blade holder side. The carrier 4 
is connected to the thrust bearing 3 via the flange 8 on the 
blade holder side. 
0033. The thrust bearing 3 comprises a transmission ele 
ment receiving portion 30, a flexible portion 31 and a fasten 
ing portion32. The transmission element receiving portion 30 
receives the tapered region 10 of the rotor head star 101. The 
flexible portion 31 comprises a resilient damping portion with 
a plurality of elastomeric layers and metal layers, which 
permit a resilient deflection of the thrust bearing 3 in the 
pivoting and impact directions. 
0034. As a result, the rotor blade coupling device 9 and 
thus the rotor blade holder 2 as well as the rotor blades 103 
coupled thereto perform impact and pivoting movements. 
The rotor blade holder 2 is connected non-positively and/or 
positively to the fastening portion 32 by means of a flange 8 
on the blade holder side. 
0035 FIG. 5 shows a section through a rotor blade cou 
pling device 9 which is clamped between the tapered region 
10 of the rotor head star 101 and the bearing housing 7 on the 
rotor head central piece 102. The carrier 4 is a cylindrical 
tubular portion which is designed to be torsionally rigid and 
which transmits control inputs to the rotor blade holder 2 via 
the carrier longitudinal axis B. The carrier 4 has an axial 
sliding seat in the spherically designed control bearing 5, in 
order counter the shortening of the carrier 4 in the carrier 
longitudinal axis B caused by the impact and pivoting move 
mentS. 

0036. The rigidity in the impact and pivoting directions C, 
D of the carrier 4 may be individually adjusted, by geometric 
dimensions and suitable materials with the desired resilient 
properties being used. 
0037. By the shape and choice of material of the carrier 4, 
the rigidity in the two axes C, D may be adjusted indepen 
dently of one another, the material not being loaded in the 
direction of the carrier longitudinal axis B, due to the mount 
ing which is free of centrifugal force, so that different options 
exist. 
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0038. The carrier 4 is made substantially from fibre com 
posite materials or a different suitable material and forms a 
stiff, torsionally rigid structural element which is movable in 
terms of impact and pivotability over the entire length of the 
carrier 4. The control bearing 5 absorbs small movements of 
the carrier 4 in the impact direction C and the pivoting direc 
tion D, as the majority of the deflections are absorbed by the 
thrust bearing 3. 
0039. The carrier 4 is thus mounted on the rotor mast side 
in the control bearing 5 and on the rotorblade side in the thrust 
bearing 3, by being Supported in a self-supporting manner. 
During the rotation, centrifugal forces are kept away from the 
carrier 4 and transmitted via the rotor blade holder 2 to the 
rotor head star 101. The carrier 4 is designed to be torsionally 
rigid and the pivoting about the carrier longitudinal axis B is 
performed by pivoting the entire carrier 4. By the deflection of 
the control arm 6, the carrier 4 is pivoted about the carrier 
longitudinal axis B. 
0040. As centrifugal forces do not act on the carrier 4, only 
the flexible properties have to be taken into account when 
manufacturing the carrier 4 and adapted to the specifications. 
0041. The rotor head star 101 is designed to be rigid in the 
pivoting direction D and transmits, on the one hand, the 
driving moment from the rotor head 0 to the rotor blade 103 
and, on the other hand, the rotor blade centrifugal forces F 
acting on the rotorhead central piece 102 during operation of 
the rotor. 

0042. So that the rotor head star 101 may be made sepa 
rately, a spacing is generally incorporated between the rotor 
head star 101 and the rotor head central piece 102 of the rotor 
head 0. The loop-like rotor head star 101 is then connected 
non-positively and/or positively to the rotor head central 
piece 102. 
0043. As the centrifugal force does not act directly on the 
carrier 4 and/or on the spherical thrust bearing 3, it is possible 
to adjust the rigidity of the individual axes separately from 
one another. The rotorhead 0 according to the invention may, 
in principle, be designed both with a high degree and a low 
degree of pivoting stiffness, the impact and pivoting stiffness 
being able to be structurally preset, virtually independently of 
one another. 

0044. By means of the carrier 4 according to the invention, 
it is also possible to control the entire activation of the rotor 
blade 103 in a manner which is free of centrifugal force, i.e. 
not loaded by very high centrifugal forces acting on the rotor 
blades 103 when the rotor is in operation, and to adapt the 
rotor head 0 by means of the corresponding spring constants, 
to the necessary requirements. This advantageous effect is, in 
particular, very easy to achieve with multi-blade rotors. 
0045. The rotor head star 1 is configured in the rotational 
plane of the rotor blades 103 with the tapered region 10. In 
addition to absorbing the impact movement by the resilient 
rotor blade coupling device 9, the rotorhead star 1 is also able 
to absorb resilient deflections in the tapered region 10. Thus 
the impact joint and pivot joint stiffness of the entire rotor 
head 0 may be adjusted, on the one hand, by varying the 
resilience of the rotor blade coupling device 9 and/or of the 
carrier 4 and, on the other hand, by varying the resilience of 
the rotor head star 1. The rotorhead star 1 which may be made 
of fibre composite materials and also of metal alloys, is of 
rigid configuration in the pivoting direction. 
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0046 By means of the shape and choice of material of the 
flexible portions 31 and the control bearing 5, the rigidity may 
be adjusted in the impact direction and the pivoting direction 
independently of one another. 
0047. By means of the arrangement of the control bearing 
5 outside the impact and pivot joints, undesirable “cross cou 
pling of the blade forces and movements during impact and 
pivoting movements of the rotor blades 103 may be avoided. 
The majority of the impact and pivoting forces occur in the 
region of the thrust bearing 3. 
0048. By the loop-like design of the rotor head star 101 
and the mounting of the rotor blade coupling device 9 enclos 
ing the thrust bearing 3, a low overall height of the clamped 
rotor blade coupling device 9 and/or the entire rotor head 0 
may beachieved. The resilient bending properties of the rotor 
head star 101 influence the flexural resilience of the rotor 
blade coupling device 9. 
0049 Tests have shown that the torsional rigidity of the 
carrier 4 may be dimensioned such that by minimal deforma 
tion of the carrier 4 the blade control is not able to be nega 
tively affected. Thus a torsional rigidity of the carrier 4 in the 
range of 1500 to 4000Nm/rad has proved to be appropriate. A 
carrier 4 designed to be torsionally rigid, therefore, is under 
stood to be a carrier 4 with a torsional rigidity in the above 
described range. 
0050. A modified rotor head with a total of five slightly 
modified rotor blade holders is shown in FIG. 6a. A torsion 
ally resilient tensile element 48 is arranged, fully traversing 
the interior of the carrier 4. The rotor blade holder 2 is con 
nected non-positively via the integrated internal torsionally 
resilient tensile element 48 to the torque transmission unit 1 
and/or the rotor blade star 1 and by means of bolts or other 
Suitable connecting elements, in order to forward the centrifu 
gal force of the rotor blade 103 directly into the torque trans 
mission unit 1. The rotor blade holder 2 is connected fixedly 
in terms of rotation to the torque tube 4. The centrifugal force 
of the rotor blade 103 is forwarded, via the torsionally resil 
ient tensile element 48 which is attached in the interior of the 
carrier 4, from the rotor blade holder 2 directly into the rotor 
hub. Thus the rotor blade coupling device 9 is able to receive 
even greater centrifugal forces. 
0051. In the section of FIG. 6b, the torsionally resilient 
tensile element 48 fully traversing the hollow loop-like car 
rier 4 may be seen running between the thrust bearing 3 and 
the control bearing 5. 

LIST OF REFERENCE NUMERALS 

0052 0 Rotor head 
0053 100 Rotor mast 
0054 A Rotor axis 
0055 103 Rotor blade 
0056 R Rotor blade longitudinal axis 
0057. 1 Torque transmission unit 
0058 101 Rotor head star 
0059 102 Rotor head central piece 
0060 10 Tapered region 
0061 11 Loop-like region 
0062. 2 Rotor blade holder 
0063) 3 Thrust bearing (spherical) 
0064. 30 Transmission element receiving portion 
0065 31 Flexible portion 
0.066 32 Fastening portion 
0067. 4 Carrier 
0068 40 Flange on rotor axis side 
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0069. 48 Tensile element 
0070 B Carrier longitudinal axis 
(0071) 5 Control bearing (spherical) 
0072 6 Control arm (collective blade adjustment) 
0073. 7 Bearing housing 
0074 8 Flange on blade holder side 
0075 9 Rotor blade coupling device 
0076 C Impact direction 
0077. D Pivoting direction 

1. A rotorblade coupling device (9) comprising a carrier (4) 
and a rotor blade holder (2) fastened thereto for receiving at 
least one rotor blade (103), wherein the carrier (4) is torsion 
ally rigid and is mounted to be able to be resiliently deflected 
in a manner which is free of centrifugal force between a thrust 
bearing (3) and a control bearing (5) in the pivoting and 
impact directions, centrifugal forces being able to be trans 
mitted by the rotor blade coupling device (9) to a torque 
transmission unit (1) and the entire rotor blade coupling 
device (9) being pivotably mounted without torsion about a 
carrier longitudinal axis (B) and wherein a tensile element 
(48) is arranged running between the thrust bearing (3) and 
the control bearing (5) and fully traversing the carrier (4) of 
loop-like configuration. 

2. The rotorblade coupling device (9) according to claim 1, 
wherein the thrust bearing (3) and the control bearing (5) are 
configured as spherical bearings. 

3. The rotorblade coupling device (9) according to claim 2, 
the thrust bearing (3) comprising a transmission element 
receiving portion (30), a flexible portion (31) and a fastening 
portion (32). 
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4. The rotor blade coupling device (9) according to claim3, 
the flexible portion (31) comprising a plurality of alternating 
elastomeric layers and metal layers. 

5. The rotor blade coupling device (9) according to claim 1, 
wherein the carrier (4) is mounted by an axial interference fit 
in the control bearing (5), in a flexible manner in the pivoting 
and impact directions. 

6. The rotorblade coupling device (9) according to claim 1, 
wherein the control bearing (5) of the carrier (4) is fastened by 
means of a bearing housing (7) to the torque transmission unit 
(1). 

7. The rotor blade coupling device (9) according to claim 6, 
wherein the rotor blade holder (2) transmits centrifugal forces 
via the thrust bearing (3) to the torque transmission unit (1) of 
a rotor head (0). 

8. The rotor blade coupling device (9) according to claim 6, 
wherein the rotor blade coupling device (9) runs between a 
rotor head star (101) and a rotor head central piece (102) of 
the torque transmission unit (1). 

9. The rotor blade coupling device (9) according to claim8, 
wherein the thrust bearing (3) cooperates with a tapered 
region (10) of the rotor head star (101). 

10. The rotor blade coupling device (9) according to claim 
1, wherein the carrier (4) is configured to be tubular and 
torsionally rigid and is designed to be resilient in the impact 
direction (C) and the pivoting direction (D). 

k k k k k 


