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COMBINATION GYROPLANE 
The present invention relates to a combination gyro~ 

plane the rotor of which is adapted to be locked in posi 
tion and the rotor blades of which are retractable in 
that condition. 
For combination gyroplanes of the aforementioned 

type which have the VT properties of a helicopter by 
virtue of one or several rotors, and means for produc 
ing the aerodynamic thrust during the cruising ?ight, it 
is necessary — in order to reduce the drag -— to encase 

both the rotor head and the rotor blades with as little 
resistance as possible during cruising ?ight. As is al 
ready known in the art, this is achieved by folding the 
rotor blades into the back of the fuselage or into spe 
cific rotor nacelles which are mounted at the airfoil, for 
example. Particularly in the case of a larger number of 
rotor blades, there arise, in the heretofore known air 
craft, large pivoting or retracting paths and consider 
able dif?culties with regard to the hinged connection of 
the rotor blades. Also disadvantageous is an undesir 
able in?uence upon the cyclic blade displacement dur 
ing the retracting operation. 
The present invention provides a combination gyro 

plane in which the rotor blades can be retracted into a 
fairing at the aircraft in a simple manner and with as 
small a number of regulating units as possible, and spe 
ci?cally also in the case of rotors having a greater num 
ber of rotor blades. 
The present invention also eliminates the cyclic blade 

displacement during the folding operation. 
In accordance with the present invention, in each 

case the same number of rotor blades is mounted in at 
least two planes being offset with respect to each other 
with reference to the rotor axis, and a device is present 
which maintains the blade groups in a staggered ar 
rangement and which causes the rotor blades of the 
aforementioned groups to overlap for the retracting op 
eration.v 
A combination gyroplane equipped as proposed by 

the present invention affords the advantage of a rela 
tively simple construction, requiring only a limited 
number of structural elements, and the accommoda 
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tion of the rotor blades in two planes being arranged at . 
a distance from one another leads to smaller pivoting 
or retracting paths, as well as a simpler hinged connec 
tion and actuation of the foldable rotor blades. A fur 
ther effect thereof is that the centrifugal forces are an 
nulled due to balanced masses in the two planes of rota 
tion. Any striking of the rotor blades against each other 
during the folding operation is prevented with cer 
tainty. 
A further characteristic of the present invention is 

that the aforementioned device comprises at least two 
‘yoke parts mounted at the rotor axis which are rotat 
able with respect to each other and receive one group 
of rotor blades each. Another feature of the present in 
vention is that one of the rotor blades of each group is 
rigidly connected, and the remaining rotor blades of 
each group are in a gimbal-type connection, with one 
of the yoke parts. The rotor blades of both groups can 
therefore be caused to overlap in a ?rst pivoting-in or 
retracting phase by means of only a single regulating 
unit, and then will be changed from that position to a 
position in which all of the rotor blades are overlapping 
each other at least within the area of the blade tips. 
According to a further embodiment of the present 

invention, it is proposed that the rotor blades being rig 
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2 
idly mounted at one of the yoke parts or portions be 
offset about a certain angular amount in one position 
of the yoke parts and that they be overlapping in a sec 
ond position of the aforementioned yoke parts. This re 
sults in a significant simplication for the ?nal retracting 
phase of the retracting operation of the rotor blades, 
with simpli?cation is that the rotor blades being 
hingedly connected with the aid of gimbals to the yoke 
portions will be caused to assume an overlapping posi 
tion with the rigidly mounted rotor blades that are al 
ready in the overlapping position, at which time easily 
controllable pivoting paths must be covered by the 
rotor blades. The relatively limited extent of the pivot 
ing or folding paths to be covered also allows for a con 
siderably simpli?ed design of the adjusting linkage and 
of the adjusting drives, respectively. 
One embodiment of the present invention is illus 

trated in the accompanying drawing, wherein 
FIG. 1 is a view in elevation of the rotor head, 
FIG. 2 is a cross-sectional view of the rotor head ac 

cording to FIG. 1, taken along line [1-1] in FIG. 1, 
FIG. 3 is a further cross-sectional view through the 

rotor head taken along line III-III in FIG. 1, 
FIG. 4 schematically illustrates and in a top plan view 

the rotor head together with the rotor blades, which lat 
ter are shown in the operative position thereof, and 
FIGS. 5 to 7 show in schematic representations indi 

vidual folding phases of the rotor blade folding opera 
tion in side views thereof. 

In the rotor illustrated in the accompanying draw 
ings, three rotor blades each are mounted in two super 
imposed planes. As has already been described herein 
above, the rotor in question is here the rotor of a com 
bination gyroplane which has VTOL properties and 
which, in the horizontal ?ight, is adapted to ?y aerody 
namically borne with folded rotor blades and‘ with the 
aid of lift surfaces. In the extended condition, all of the 
rotor blades will in this case be rigid. In the retracted 
condition, all of the rotor blades are positioned over 
each other. 
Reference numeral 1 identifies the aircraft according 

to FIG. 4, and reference numeral la designates the re 
tracting space within the fuselage of the airplane. Also, 
in FIGS. 1 to 4, reference numeral 3 identifies the rotor 
mast mounting, and reference numeral 4 identifies the 
rotor drive. Also provided are a lower and an upper 
swashplate 5 and 6, respectively, for the cyclic rotor 
blade displacement, as well as one control lever each 
8 and 10, respectively, being coordinated to the two 
swashplates 5 and‘ 6, respectively. The aircraft has 
moreover one setting device or mechanism for folding 
the rotor blades, which have been designated here with 
reference numerals 14 to 16 and, respectively, 17 to 
19, in and/or out, as will be described in further detail 
hereafter. ' 

More particularly, provided in known manner are a 
rotor mast 3 being rigid at the aircraft together with a 
rotatably positioned rotor axis 21 being arranged con 
centrically with respect thereto. The rotor axis 21 sup 
ports the upper and the lower swashplates 5 and 6 at a 
distance from each other. Each of the swashplates con 
sists of two cooperating elements or portions 5' and 5" 
and 6' and 6". The elements or portions 5’ and 6' are 
concomitantly rotatably held at the rotor axis 21 
whereas the elements or portions 5" and 6” are se 
cured in position against rotation. All of the elements 
of the upper and lower swashplates 5 and/or 6 are, 
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however, movably positioned by way of gimbals in the 
conventional manner for the cyclic blade displacement. 

In FIGS. 1 to 4, the rotor blades are shown in the 
folded-out condition thereof, i.e. in the operative posi 
tion. The rotor blades are combined into groups of 
three blades each 14, 15 and 16 and 17, 18 and 19, and 
the rotor blade groups are positioned in planes of rota 
tion E—E and/or E'-—E' being parallel or approxi 
mately parallel with respect to each other. The rotor 
blades of each blade group are supported by an upper 
and a lower yoke part 25 and 26 mounted at the rotor 
axis 21, and the upper yoke portion 25 is connected 
with the rotor axis 21 so as to be rigid against rotation, 
whereas the lower yoke portion 26 is adapted to exe 
cute a limited relative rotation with respect to the 
upper yoke portion 25. For the purpose of allowing for 
the relative rotation of the yoke portions 25 and/or 26, 
a geared engine 28 with a drive shaft 29 and a pinion 
30 being secured thereto is mounted at the yoke por 
tion 25. The pinion 30 is in constant engagement with 
a toothed segment 31 which is secured to the lower 
yoke portion 26. Positioned between the upper and the 
lower yoke parts 25 and 26 are the stops 32 and 33 
which cooperate at the end faces thereof and which, in 
the folded-out condition of the rotor blades, assume the 
transfer of torque from the rotor axis 21 to the yoke 
parts 25 and 26 while relieving the gear mechanism 30 
and 31. The rotor blades of both planes E—E and 
E'—E’ are each positioned offset with respect to each 
other about 60° in the circumferential direction (FIG. 
4). The‘ rotor blades 14 and/or 17 being positioned 
each in one of the two planes of rotation E—E and/or 
E'--E' assume, in the folded-out condition thereof, a 
position which is offset about 60° and are adjacent to 
each other. These rotor blades 14 and 17 are both rig 
idly mounted with respect to the yoke parts 25 and 26; 
they are, however, pivotal about their main axes for the 
cyclic blade angle displacement. The rotor blades 14 
and 17 are held or supported by blade shafts 35 and 36, 
these shafts being rotatable about rigid articulated fit 
tings 38 and 39. For the purpose of the rigid connec 
tion, two bolts 40 and 41 are provided by means of 
which the articulated ?ttings 38 and 39 are held at the 
respectively coordinated yoke parts 25 and 26. The re 
maining rotor blades 15, 16, 18 and 19 are held by 
means of blade shafts 42, 43, 44 and 45 and are rotat 
ably supported against blade carriers 48, 49, 50 and 51. 
By means of swivel pins 58, 59, 60 and 61 which are po 
sitioned at a right angle with respect to the rotor axis 
21, the blade carriers 48 to 51 are positioned at pivot 
ing parts 53, 54, 55 and 56. The pivoting or swivel parts 
53 and 54, and 55 and 56 are each supported by one 
yoke part 25 or 26 and are pivotal at the yoke parts 25 
and 26 about axes parallel to the rotor axis 21. Posi 
tioned at both the rotor blade shafts 42 to 45 and also . - 

at the pivot or swivel parts 53 to 56 are projections be 
tween which there is mounted a double-acting control 
motor 62, 63, 64 and 65 consisting in each case of a pis 
ton and a cylinder. The pressure medium supply and 
control required for the control motors is designed and 
provided for in known manner and has therefore not 
been illustrated herein for the sake of simplicity. Be‘ 
tween the hinged connections 68 and 69 at the con 
comitantly rotatable swashplate parts 5 ' and 6' of the 
upper and/or lower swashplates 5 and 6, and the hinged 
connections 70 and 71 at the rotor blade shafts 35, 36, 
42, 43, 44 and 45, connecting rods 73 and 74 are ar 
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4 
ranged in known manner for purposes of the cyclic 
blade angle displacement. The connections 68 and 69 
of the connecting rods 73 and 74 at the concomitantly 
rotatable swashplates 5' and 6' are so provided and ar 
ranged that the pivotal points are positioned in the 
imaginary extension of the pivot axes of the pivot parts - 
53 to 56. Inserted between the concomitantly rotatable 
swashplate parts 5' and 6' and the coordinated yoke 
part 25 and 26 is in each case a pair of steering knuckle 
arms 76 and 77 which establish a connection which is 
rigid against rotation between the yoke part 26 being 
rotatable on the rotor axis 21 and between the concom 
itantly rotatable swashplate part 6’ of the lower swash 
plate 6 and, respectively, between the concomitantly 
rotatable swashplate part 5' of the upper swashplate 5 
and the upper yoke parts 25 being connected with the 
rotor axis 21. The pairs of steering knuckle arms 76 and 
77 do not transmit any forces in the direction of the 
rotor axis 21, and will therefore not impair the gimbal 
movements of the swashplates 5 and 6 for the cyclic 
blade angle displacement. The rotor axis 21 includes a 
brake disc 80 against which may be placed two brake 
shoes 81 and 82 being guided at the stationary housing. 
In the folded-out condition, i.e. in the working position, 
the rotor blades 14, 15 and 16 are positioned in a stag 
gered arrangement, i.e., at a gap, with respect to the 
rotor blades 17, 18 and 19. In this position, all of the 
rotor blades are each offset with respect to each other 
about 60° with reference to the circumferential direc 
tion. In this case, the two rotor blades 14 and 17 being 
rigidly held at the respectively coordinated yoke part 
25 and 26 will be adjacent each other. 
As is apparent from FIGS. 2 and 3, there are further 

provided two double-acting control motors 85 and 86 
and 87 and 88 each, which are pivotally supported 
against the yoke part 25 and against the yoke part 26, 
and which engage at the carriers 48, 49, ‘50 and 51, 
being adjacent the rotor blades 15, l6, l8 and 19, by 
way of one steering lever each 89 and 90, and, respec 
tively, 91 and 92, and also by way of one connecting 
rod each 93 and 94 and, respectively, 100 and 101. 
Thevoperation of the construction described herein 

above is as follows 
When the aircraft - for example after a vertical take 

off - has reached a speed at which a sufficient life is 
produced by the aerodynamically~acting means and a 
sufficient controllability is assured by means of the con 
ventional control surfaces, the retracting operation for 
the rotor blades may be initiated. 
For this purpose, the control motor 28 is turned on 

and, by way of the drive shaft 29 thereof as well as by 
way of the pinion 30 and the toothed segment 31, the 
lower yoke part 26 is rotated relative to the upper yoke 
part 25 and, respectively, the rotor axis 21, and speci? 
cally about an angular amount of 60°. By virtue of this 
relative rotation, both‘ the rigidly mounted rotor blades 
14 and 17, and the hingedly connected rotor blades 18 
and 15 as well as 19 and 16 of the upper and-lower 
blade group will come to be in an overlapping position. 
During the relative movement of the yoke parts 25 

and 26, the swashplate part 6' of the lower swashplate 
6, being secured ri‘gid against rotation at the rotor axis 
'21, will be concomitantly carried along by the yoke 
part 26 via the pair of steering levers 77 in the circum 
ferential direction, while between the concomitantly 
rotatable part‘5' of the upper swashplate 5 and the 
upper yoke part 25 there exists a rigid coupling, with 
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reference to the circumferential direction, via the pair 
of steering levers 76. The steering lever pairs ‘render it 
possible for the swashplates 5 and 6 to execute the 
movements that are required for the cyclic blade dis 
placement without hindrance. 
As is apparent particularly from FIGS. 5 to 7, there 

also takes place, during the relative rotation of the yoke 
parts 25 and 26 with respect to each other, the actua 
tion of the brush-shifting motors 62, 63, 64 and 65, and 
by means of the brush-shifting motors, a fan-like 
spreading of the hingedly-connected or Cardan-type 
connected rotor blades 15 and 16 and 18 and 19 as 
compared to the respectively coordinated rigidly 
mounted rotor blades 14 and 17 (FIG. 5). As far as the‘ 
rotor blade group is concerned which is positioned in 
the plane E—-E, the rotor blade 15 is pivoted at that 
time upwardly from the position indicated in phantom 
(FIG. 5) and the rotor blade 16 is pivoted downwardly, 
while in the plane E'—-E', the rotor blade 19 is pivoted 
upwardly in the same manner from the position indi 
cated in phantom (FIG. 5), while the rotor blade 18 is 
pivoted downwardly. At the conclusion of the pivoting 
operation, the rotor blades of both groups will then be 
positioned so as to be spread apart in a fan-like fashion 
with respect to each other, as is apparent from FIG. 5. 
Due to the spreading, any striking of the rotor blades 
against each other and hence any impairment of the re 
tracting operation are thus eliminated. The spreading 
angle of the rotor blades is here for example approxi 
mately 2.S° as compared to the starting position. By 
means of the brake disc 80 at the rotor axis 21 and the 
brake shoes 81 and 82 at the stationary housing, the 
rotor axis 21 is de?ned in a position in which the two 
rigidly mounted, mutually overlapping rotor blades 14 
and 17 will be positioned in the longitudinal central 
plane of the aircraft, i.e. in the ?ying direction. 
After the spreading operation, the control motors 85, 

86, 87 and 88 are actuated and the rotor blades 15 and 
16 and 18 and 19 are pivoted about approximately 120° 
about the axes of the pivot of swivel parts 53, 54, 55 
and 56. At the conclusion of the pivoting operation, the 
rotor blades of both groups will be positioned in an 
overlapping arrangement at least in the area of their 
blade tips and in the longitudinal central plane of the 
aircraft-(FIG. 6). Due to the fact that the pivotal points 
68 and 69 of the connecting rods 73 and 74 for the cyc 
lic blade displacement are positioned in the imaginary 
extension of the axes of the pivot or swivel parts 53 and 
54 and 55 and 56, no undesired or unintentional cyclic 
displacement or the rotor blades will take place in any 
phase of either the pivoting of the rotor blades into 
their overlapping position or of the relative rotation of 
the yoke parts 25 and 26. 
From the pivoting-in position illustrated in FIG. 6, a 

renewed actuation of the brush-shifting motors 62 and 
65 takes place, and speci?cally in a direction opposite 
to the spreading movement. All of the rotor blades 14 
to 19 are thereby compressed -— using the rotor blade 
elasticity -— so that a blade package will result there 
from, as shown in FIG. 7, in which the rotor blades will 
rest against each other at least in the area of their blade 
tips. By means of the locking mechanism 102 (FIG. 7), 
the rotor blades are held in this position and the ?ap 
ping hinge control motors 62 and 65 are switched off. 
In this position, the rotor blades can be enclosed with 
foldable fairing parts at the aircraft (not shown) for re 
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6 
ducing the aerodynamic drag during the ?ying phase in 
which the aircraft is borne aerodynamically. 
The construction proposed by the present invention 

is not limited to the number of rotor blades disclosed 
in the present embodiment, but may be equally applied 
to an either greater or smaller number of rotor blades. 

It will be obvious to those skilled in the art that many 
modifications may be made within the scope of the 
present invention without departing from the spirit 
thereof, and the invention includes all such modi?ca 
tions. ' 

I claim: 
1. In a combination gyroplane having a rotor mast 

and rotor blades adapted to be retracted, the improve— 
ment which comprises an equal number of rotor blades 
positioned in at least two planes offset with respect to 
each other with reference to the rotor axis, 

a pair of yoke means supporting said blades on said 
rotor mast and being capable of limited rotation 
relative to each other, and 

one blade of each group being non-pivotally secured 
to said yoke means and the remainder of said 
blades being pivotal about axes substantially paral 
lel to the rotor axis. ‘ 

2. A gyroplane according to claim 1 in which one of 
the yoke parts is rigidly secured against rotation with 
the rotor axis and the second yoke part is relatively ro 
tatable with respect to the rotor axis and the other yoke 
part. 

3. A gyroplane according to claim 2 including lock-in 
connection means between swash plate means and a 
relatively movable yoke part in the circumferential di 
rection. 

4. A gyroplane according to claim 1 in which one 
each of the rotor blades of each group is rigidly con 
nected and the remaining rotor blades of each group 
are connected by means of a Cardan connection with 
one of the yoke parts. 

5. A gyroplane according to claim 4 in which the 
rotor blades being rigidly mounted at one each of the 
yoke parts are positioned offset by an angular value at 
one position of the yoke parts and overlap in the sec 
ond position of the yoke parts. 

6. A gyroplane according to claim 5 including means 
for securing the rotor in a position in which the rigidly 
mounted rotor blades have assumed the overlapping 
position and are positioned in the longitudinal central 
plane of the aircraft. ‘ 

7. A gyroplane according to claim 1 including one 
swash plate means each for the cyclic rotor blade dis 
placement for each of the blade groups. 

8. A gyroplane according to claim 7 in which pivotal 
points for connecting rods for the cyclic rotor blade 
displacement are positioned at the concomitantly rotat 
able swash plate part in the imaginary extension of the 
axis of rotation of a pivot means. 

9. A gyroplane according to claim 4 in which carriers 
for the Cardanically-connected rotor blades are se 
cured by means of brush shifting motors and pairs of 
steering means. 

10. A gyroplane according to claim 9 including pivot 
means for moving the Cardanically movable rotor 
blades out of their operative- position into a position in 
which all of the rotor blades overlap each other. 

11. A gyroplane according to claim 9 including brush 
shifting motors for displacing the Cardanically 
connected rotor blades for purposes of the retracting 
operation. 

12. A gyroplane according to claim 9 including brush 
shifting motors for pressing the rotor blades against 
each other in the folded position and including means 
for locking the folded blades in position. 
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