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Description

[0001] The present invention relates generally to de-
vices for supporting objects with the possibility of adjust-
ment and control of the position of the object itself and,
in particular, the present invention relates to a device for
supporting and adjusting the position of a patient’s head
during surgeries or diagnostics.

[0002] Known devices for supporting the head during
brain surgery, for example the so-called "Mayfield
Clamp", comprise a clamp with two opposite jaws, one
of which supports a first supporting portion and the other
supports a second supporting portion and a third sup-
porting portion spaced apart in such a way as to engage
the patient’s head in three different points and lock the
position and orientation of the head relative to the clamp
itself. In order to allow an adaptation of the clamp to the
patient’s cranial shape, both the relative position between
the two jaws and the relative position between the indi-
vidual support portions and the jaws to which they are
connected are manually adjustable and lockable by
means of adjustment screws. In addition to the locking
of the patient’s head to the clamp, it is known to constrain
the "Mayfield Clamp” in relation to the operating table or
to a bed on which the patient is lying, by means of a
fastening which allows a manual adjustment of transla-
tional and rotational position of the clamp relative to the
operating table or bed. In this way it is possible to hold
the patient’s head in a position chosen by the surgeon
to facilitate the surgery or diagnostics to the brain. US-
B1-6594839 discloses a head supporting device having
the features of the preamble of claim 1.

[0003] While the prior art devices for supporting the
head ensure high stiffness of the support, they do not
allow an easy and precise adjustment of the position. In
fact, because of the manual adjustment mechanisms that
determine composite translational and rotary adjustment
movements, it is almost never possible to obtain the de-
sired positioning by unlocking and operating a single ad-
justment screw, but the adjustment operation may re-
quire the simultaneous adjustment of multiple adjustment
screws and require the presence of multiple people at
the operating table (at least one person to hold the pa-
tient’s head and at least another person to adjust the
position of the "Mayfield Clamp™). It is also desirable to
further shorten the positioning time.

[0004] Furthermore, the passive nature of the known
devices for supporting the head excludes a quick, precise
and easy adjustment of the head position in particular
conditions that can occur during the surgery, e.g. a vol-
untary or involuntary movement of the patient or the need
for the surgeon to reposition the patient's head during
the surgery.

[0005] Therefore, the need to be able to make a fine
adjustment of the positioning of the patient’s head is felt,
preferably even a rotation only or translation only adjust-
ment without simultaneously changing the position and
orientation relative to the remaining translation and rota-
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tion axes. This would allow a posture and mobility of the
joints and muscles of the neck more consistent with the
physiological condition, by obviating improper stress and
pain or fatigue of the patient during the surgery.

[0006] The needto be able to adjust the patient’s head
position with high speed and precision, as well as with
high supporting rigidity of the head both during and after
the adjustment is also felt. This would allow to respond
in real time to stress or sudden voluntary or involuntary
movements of the patient (for example, during "awake
surgery" (surgery with patient awake) that might other-
wise cause severe pain or negatively affect the surgical
procedure.

[0007] The need to be able to position the head of pa-
tients undergoing surgery with less medical personnel
present at the operating table is also felt.

[0008] Finally, the dimensions of the head supporting
device must be reduced such as to not excessively pro-
trude from the sides of the operating table and allow free
side and top access above the patient’s head.

[0009] The object of the present invention therefore is
to provide a device for supporting and adjusting the po-
sition of a patient’s head during surgery, said device hav-
ing such features as to overcome the drawbacks men-
tioned with reference to the prior art.

[0010] Within the scope of the main object, a particular
object of the invention is to provide a supporting and ad-
justment device which allows a fine adjustment of the
positioning of the patient's head, and also rotation only
or translation only adjustment without simultaneously
modifying the position and orientation relative to the re-
maining translation and rotation axes.

[0011] A further particular object of the invention is to
be able to adjust the position of the patient’'s head in
accordance with the scope of the natural mobility of the
joint and the muscles of the neck.

[0012] A further object of the invention is to be able to
adjust the position of the patient’s head with high speed
and precision, as well as with high support rigidity of the
head both during and after the adjustment.

[0013] A further object of the invention is to provide a
device for supporting and adjusting the position of a pa-
tient's head during surgery, having such features as to
obviate the need for multiple people for the adjustments
of the head positions.

[0014] At least some of the objects are achieved
through a device for supporting and adjusting the position
of a patient’s head during surgery, the device comprising:

- asupporting structure for supporting the device on
an application (for example a floor or a base of an
operating table), said supporting structure defining
a first axis (longitudinal horizontal), a second axis
(transverse horizontal) and a third axis (vertical) mu-
tually orthogonal;

- amobile platform defining a platform centre and be-
ing constrained to the supporting structure by an ad-
justing mechanism suitable to position the platform
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in relation to the supporting structure in a neutral
position and to adjust the position of the platform in
relation to the supporting structure,

- agripping device connected to the platform and hav-
ing locking means suitable to lock the head to the
gripping device,

wherein the adjusting mechanism comprises:

- afirst arm having a first saddle slidably connected
to the supporting structure along afirst trajectory and
positionable along the first trajectory by a first actu-
ator, as well as a first rod having a first end rotatably
connected to the first saddle and a second end ro-
tatably connected to the platform,

- asecond arm having a second saddle slidably con-
nected to the supporting structure along a second
trajectory and positionable along the second trajec-
tory by a second actuator, as well as a second rod
having a first end rotatably connected to the second
saddle and a second end rotatably connected to the
platform,

- athird arm having a third saddle slidably connected
to the supporting structure along a third trajectory
and positionable along the third trajectory by a third
actuator, as well as a third rod having a first end
rotatably connected to the third saddle and a second
end rotatably connected to the platform,

- afourth arm having a fourth saddle slidably connect-
ed to the supporting structure along a fourth trajec-
tory and positionable along the fourth trajectory by
a fourth actuator, as well as a fourth rod having a
firstend rotatably connected to the fourth saddle and
a second end rotatably connected to the platform,

- afifth arm having a fifth saddle slidably connected
to the supporting structure along a fifth trajectory and
positionable along the fifth trajectory by a fifth actu-
ator, as well as a fifth rod having a first end rotatably
connected to the fifth saddle and a second end ro-
tatably connected to the platform,

- wherein the platform and the first, second, third,
fourth, and fifth arms form together an articulated
frame displaceable by the first, second, third, fourth,
and fifth actuators so that the platform can translate
in the direction of the first axis, the second axis, and
the third axis and rotate around the second axis and
the third axis.

[0015] In this way, a parallel kinematics adjustment
mechanism with five degrees of freedom with five arms
operable automatically and independently is obtained.
[0016] A parallel kinematics with five degrees of free-
dom thus configured creates the conditions for a support
of the platform and an active movement thereof with a
high intrinsic rigidity and, therefore, with high reliability
of maintaining the centre position of the platform and,
therefore, of the gripping device that holds the patient’s
head in relation to the supporting structure.
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[0017] Thefirst, second, third, fourth and fifth actuators
are operable to adjust in a controlled manner the position
of the platform (and therefore the patient’s head con-
strained thereto) in relation to the supporting structure.
[0018] This allows a fine adjustment of the position of
the head of patients undergoing surgery, and in particular
rotation only or translation only adjustments without si-
multaneously modifying the position and orientation of
the head relative to the remaining translation and rotation
axes.

[0019] Thanks to regulation by means of said parallel
kinematics operated by five actuators, such as linear
electric motors, it is possible to adjust the head position
with high speed and precision, as well as with high sup-
port rigidity of the head during adjustment movements.
[0020] Moreover, thanks to the fact that the actuators
are located on the opposite side of the rods relative to
the platform, the overall dimensions of the device in the
region of the platform and of the gripping device are min-
imal and the actuators can be easily positioned in a part
of the supporting structure intended to be beneath the
operating table and away from the patient’s head. This
allows free access to the head during brain surgery. In
addition, the device allows the positioning of the head
with less medical personnel present at the operating ta-
ble.

[0021] In accordance with one aspect of the invention,
the gripping device is connected to the platform in a ro-
tatable manner around a local axis and orientable around
the local axis in relation to the platform by means of a
sixth actuator. The local axis passes through a point that
is eccentric relative to the platform centre, and when the
platform stands in the neutral position, the local axis is
parallel to the first axis and is spaced apart from the plat-
form centre in the direction of the third axis.

[0022] This introduces the sixth controllable degree of
freedom (in series with respect to the five arms described
above) which allows a rotation of the head with a twist of
the neck close to the neck itself.

[0023] To better understand the invention and appre-
ciate its advantages, some exemplary non-limiting em-
bodiments thereof shall now be described with reference
to the accompanying figures, in which:

figures 1A and 1B show a patient lying on an oper-
ating table and with a dashed line they indicate the
overall dimensions available recommended for any
supporting structures of the head, to facilitate the
presence of medical personnel and other equipment
present during the surgery;

figure 2 shows an axonometric view of the device
applied to an operating table and to a patient’s head;
figures 3 and 5 show axonometric views of the device
according to an embodiment;

figure 4 shows a top view of the device according to
an embodiment;

figure 6A shows an axonometric side-rear view of
the device in figure 5;
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figure 6B shows the view in figure 12A with the ad-
dition of vectors which indicate translations and ro-
tations of components of the arms of the adjusting
mechanism;

figure 7A shows a top axonometric view of the device
in figure 5;

figure 7B shows the view infigure 7A with the addition
of vectors which indicate translations and rotations
of components of the arms of the adjusting mecha-
nism;

figure 8A shows an axonometric side-rear view of
the device in figure 5;

figure 8B shows the view infigure 8Awith the addition
of vectors which indicate translations and rotations
of components of the arms of the adjusting mecha-
nism;

figure 9 shows a schematic topological representa-
tion with the indication of the kinematic connections
of the adjusting mechanism of the head supporting
device according to an embodiment;

figures 10, 11, 12, 13 and 14 show schematic topo-
logical representations of the adjusting mechanism
of the head supporting device according to embod-
iments of the invention.

[0024] Referring to the figures, a device for supporting
and adjusting the position of a patient’s head during sur-
gery is generally indicated with reference numeral 1. De-
vice 1 comprises a supporting structure 2 resting device
1 on an application (for example a floor or a base of an
operating table 3). The supporting structure 2 defines a
first axis e, yy (longitudinal horizontal), a second axis ey vy
(transverse horizontal) and a third axis e, yy (vertical) mu-
tually orthogonal.

[0025] Device 1 further comprises a mobile platform 4
defining a platform centre O, and being constrained to
the supporting structure 2 by an adjusting mechanism 5
suitable to position platform 4 in relation to the supporting
structure 2 in a neutral position and to adjust the position
of platform 4 in relation to the supporting structure 2.
[0026] Device 1 further comprises a gripping device 6
connected to platform 4 and having locking means 7 suit-
able to lock the head to the gripping device 6.

[0027] According to an aspect of the invention, the ad-
justing mechanism 5 comprises:

- afirst arm 8 having a first saddle P, slidably con-
nected to the supporting structure 2 along a first tra-
jectory u4 4 and positionable along the first trajectory
uq ¢ by a first actuator 9, as well as a first rigid rod
L4 1 having afirst end rotatably connected to the first
saddle P4 and a second end rotatably connected to
platform 4,

- asecond arm 10 having a second saddle P, slidably
connected to the supporting structure 2 along a sec-
ondtrajectory u, 1 and positionable along the second
trajectory u, 4 by a second actuator 11, as well as a
second rigid rod L, 4 having a first end rotatably con-
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nected to the second saddle P, and a second end
rotatably connected to platform 4,

- athird arm 12 having a third saddle P4 slidably con-
nected to the supporting structure 2 along a third
trajectory u; 4 and positionable along the third tra-
jectory ug 4 by a third actuator 13, as well as a third
rigid rod L 4 having a first end rotatably connected
to the third saddle P5 and a second end rotatably
connected to platform 4,

- afourth arm 14 having a fourth saddle P, slidably
connected to the supporting structure 2 along a
fourth trajectory u, 4 and positionable along the
fourth trajectory uy 4 by a fourth actuator 15, as well
as a fourth rigid rod L, having a first end rotatably
connected to the fourth saddle P, and a second end
rotatably connected to platform 4,

- afifth arm 16 having a fifth saddle P slidably con-
nected to the supporting structure 2 along a fifth tra-
jectory us 4 and positionable along the fifth trajectory
us, 1 by a fifth actuator 17, as well as a fifth rigid rod
L5 having a first end rotatably connected to the fifth
saddle P5 and a second end rotatably connected to
platform 4,

wherein platform 4 and the first 8, second 10, third 12,
fourth 14 and fifth 16 arms form together an articulated
frame displaceable by the first 9, second 11, third 13,
fourth 15, and fifth 17 actuators so that the platform centre
Oy, can translate in the direction of the first axis e, \y, the
second axis e, y, and the third axis e,y and rotate
around the second axis e, \y and the third axis e, . Al-
though the rotations are described with reference to the
global coordinates, the man skilled in the art will appre-
ciate that if the platform is already at least slightly rotated
about the second axis ey, the rotation is not strictly
around the third axis ez \y but around the vertical axis of
platform 4 and its local coordinate system.

[0028] In this way, a parallel kinematics adjusting
mechanism with five degrees of freedom with five arms
automatically and independently operable is obtained. In
the present description, the term trajectory means a guid-
ed movement path along which movement path the sad-
dle can be locked and displaced forward and backward.
[0029] In accordance with an embodiment, the first 9,
second 11, third 13, fourth 15 and fifth 17 actuators may
for example include linear electric motors connected to
the supporting structure 2 and acting respectively on the
first ends of the first Ly 4, second Ly 4, third Lg, fourth L,
and fifth L5 and are operable in a controlled manner to
adjust the position of platform 4 (and, therefore, the pa-
tient's head constrained to it) in relation to the supporting
structure 2.

[0030] In accordance with an embodiment, the grip-
ping device 6 is connected to platform 4 rotatably around
a local axis ug and orientable around the local axis ug in
relation to platform 4 by means of a sixth actuator 18
(also preferably an electric motor). The local axis ug pass-
es through an eccentric point O, inrelation to the platform
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centre O,,, and when platform 4 stands in the neutral po-
sition, the local axis ug is parallel to the first axis e, \y and
is spaced from the platform centre O, in the direction of
the third axis e, .

[0031] This introduces the sixth controllable degree of
freedom (in series with respect to the five arms described
above) which allows a rotation of the head with a twist of
the neck close to the neck itself, while the remaining parts
of device 1 can be kept away from_the head and easily
placed beneath the operating table 3.

[0032] In accordance with an embodiment, with plat-
form 4 in the neutral position and, preferably, in the entire
positioning range ("range of motion") of platform 4, the
first L4 4 and second L, 4 rods are transverse relative to
each other (or, in other words, non-parallel) and posi-
tioned in such a way that, by adjusting the position of the
first ends of the first Ly ; and second L, 4 rods along the
firstuy ; and second u, 4 trajectoriesitis possible to move
the position of the platform centre O, in the direction of
the first axis e, \y and in the direction of the second axis
ey w-

More specifically, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion") of platform 4, the orthogonal projections of lon-
gitudinal axes of the first Ly 4y and second L, 4rods on a
plane (horizontal) defined by the first axis ey and by
the second axis eyware mutually transversal (or, in other
words, said projections are non-parallel) and, preferably,
they intersect in the platform centre O, in such a manner
that, by adjusting the position of the first end of the first
Ly 1 andsecond L, 4 rods along the first u; 4 and second
u, 4 trajectories it is possible to translate the position of
the platform centre O, in the direction of the first axis
exw and in the direction of the second axis e, .
[0033] Inother words, platform 4 and the first L, 4 and
second L, 4 rods form a first articulated sub-frame 24,
preferably an articulated trilateral frame, movable by
means of the first 9 and second 11 actuators in such a
way as to translate the position of the platform centre O,
in the direction of the first axis e, \y and in the direction
of the second axis e, y.

[0034] Likewise, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion”) of platform 4, the third rod Ly and the first L4 4
andsecond L, rods are mutually transversal (or, inother
words, are non-parallel) in such a manner that, by ad-
justing the position of the first end of the third rod L and
of both or only one of the first L, ; and second L, 4 rods
along the respective trajectories us 4, Uy 4, Uy 1, it is pos-
sible to translate the position of the platform centre O,
in the direction of the first axis ey \y and in direction of
the third axis e, .

More specifically, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion") of platform 4, the orthogonal projection of a lon-
gitudinal axis of the third rod L3 and of the longitudinal
axis of at least one of the first L 4 and second L, 4 rods
(preferably of both) on a plane (longitudinal vertical) de-
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fined by the first axis ey \y and by the third axis e,y are
mutually transversal (or, in other words, said projections
are non-parallel) and, possibly but not necessarily, they
intersect in the platform centre O,,, in such a manner
that, by adjusting the position of the first end of the third
rod L3 and of both or only one of the first L, 4 and second
L, 4 rods along the respective trajectories ug 4, Uy 4, Ug 4,
itis possible totranslate the position of the platform centre
Opinthedirectionof the firstaxis ey yand in the direction
of the third axis e, -

[0035] In other words, platform 4 and the third L,, first
Ly 4 and/or second L, 4 rods form a second articulated
sub-frame 25, for example an articulated trilateral or ar-
ticulated quadrilateral frame, movable by means of the
third 13, first 9 and/or second 11 actuators in such a way
as to translate the position of the platform centre O, in
the direction of the first axis e, \y and in the direction of
the second axis e \y.

[0036] Furthermore, with platform 4 in the neutral po-
sition and, preferably, in the entire positioning range
("range of motion") of platform 4, the longitudinal axes of
the fourth L, and fifth Lg rods are parallel and spaced
apartor they intersect at a point spaced from the platform
centre O, in such a way that, by adjusting the position
of the first ends of the fourth L, and fifth L rods along
the fourth uy 4 and fifth u5 4 trajectories, you can rotate
the platform centre O, (and thus the entire platform 4)
around the third axis e, .

More specifically, with platform 4 in the neutral position
and, preferably, in the entire positioning interval ("range
of motion") of platform 4, the orthogonal projections of
longitudinal axes of the fourth L, and fifth L rods on a
plane (horizontal) defined by the first axis ey \y and by
the second axis ey are parallel and spaced apart or
they intersect in a point spaced from the platform centre
O, in such a manner that, by adjusting the position of
the first ends of the fourth L4 and fifth L5 rods along the
fourth uy 4 andfifth us ; trajectories, itis possible to rotate
the platform centre O, (and therefore the entire platform
4) around the third axis e, .

[0037] Inotherwords, platform 4 and the fourth L, and
fifth L5 rods form a third articulated sub-frame 26, in par-
ticular an articulated quadrilateral frame, displaceable by
means of the fourth 15 and fifth 17 actuators so as to
rotate platform 4 around the third axis e, .

[0038] Inaccordancewithanembodiment(Figures6A,
6B), platform 4 has a T-shape with a longitudinal portion
28 which forms the platform centre O, and a transversal
portion 27 extending transversely with respect to the ex-
tension of the longitudinal portion. The transversal por-
tion 27 forms two opposite ends spaced from the platform
centre O,,, with platform 4 in the neutral position, both in
the direction of the second axis e, yy and in the direction
of the third axis e, \y-

[0039] To form the third articulated sub-frame 26, the
second end of the fourth rod L, and the second end of
the fifth rod L can be connected in a rotatable manner
to one of the opposite ends of the transversal portion 27,
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respectively.

[0040] Moreover, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion") of platform 4, the longitudinal axis of at least
one of the first L; 1 and second L, 4 rods (preferably of
both) and of at least one of the fourth L, and fifth L5 rods
(preferably of both) are oriented and spaced apart, in
such a manner that, by adjusting the position of the first
endofthefirstL, and/orsecondL, ;andfourthL,and/or
fifth L5 rods along the respective trajectories uy 4, Uy 4,
Uy 4 Us 4, it is possible to rotate the platform centre O,
(and therefore the entire platform 4) around the second
axis ey .

More specifically, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion") of platform 4, the orthogonal projection of the
longitudinal axis of at least one of the first L4 ; and second
L, 4 rods (preferably of both) and of at least one of the
fourth L, and fifth L5 rods (preferably of both) on the plane
(longitudinal vertical) defined by the first axis ey and
by the third axis e,y are parallel and spaced apart or
they intersect in a point spaced from the platform centre
O, in such a manner that, by adjusting the position of
the flrst end of the first L 4 and/or second L, 4 and fourth
L4 and/or fifth L rods along the respective trajectories
Uq 4, Ug q, Ug g, Us g, it is possible to rotate the platform
centre O, (and therefore the entire platform 4) around
the second axis e, .

[0041] In other words, at least one of the first L, 4 and
second L, 4 rods and at least one of the fourth L, and
fifth Ls rod form, together with platform 4, at least a fourth
articulated sub-frame 29, in particular an articulated
quadrilateral frame, displaceable by means of the first 9
and/or second 11 and fourth 15 and/or or fifth 17 actua-
tors so as to rotate platform 4 around the second axis
ey,W.

[0042] Thetopological representations of the adjusting
mechanism 5 in Figures 9 to 14 show the five first 8,
second 10, third 12, fourth 14 and fifth 16 kinematic arms
with their joints and indicate:

prismatic joints (which only allow a rectilinear or also
curvilinear translation) with the symbol "P";

simple rotary joints (which allow a rotation around a
single axis of rotation) with the symbol "R";
universal or Cardan rotary joints (which allow a ro-
tation around only two axes of rotation orthogonal to
each other) with the symbol "U";

spherical rotary joints (which allow a spherical rota-
tion around a polar centre of rotation) with the symbol
"S".

[0043] In accordance with an embodiment (Figure 10)
the first end of the first rod L, 4 is connected to the first
saddle P4 by a rotary or universal Cardan joint which
allows the rotation around two axes Uq 544 and Uy 342
mutually orthogonal, mutually positioned in series, and
orthogonal to the longitudinal axis of the first rod L, 4,
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configured to transmit torsional moments to the first rod
Ly 1and

the second end of the first rod L4 { is connected to plat-
form 4 by means of a rotary or universal Cardan joint
which allows the rotation around two axes uy 444 and
Uy 412 Mutually orthogonal and orthogonal to the longi-
tudinal axis of the firstrod L 4, reciprocally positioned in
series, configured to transmit torsional moments to the
firstrod Ly 4.

[0044] Likewise, the first end of the second rod L, 4 is
connected to the second saddle P, by a rotary or univer-
sal Cardan joint which allows the rotation around two
axes Uy 44 and Uy g 4, orthogonal to each other and
orthogonal to the longitudinal axis of the secondrod L, 4,
reciprocally positioned in series, configured to transmit
torsional moments to the second rod L, 4, and

the second end of the second rod L, 4 is connected to
platform 4 by means of a rotary or universal Cardan joint
which allows the rotation around two axes u, 4 44 and
Uy 4 12 Orthogonal to each other and orthogonal to the
longitudinal axis of the second rod L, 4, reciprocally po-
sitioned in series, configured to transmit torsional mo-
ments to the second rod L, ;.

[0045] In this way, it is possible to transmit torques
around the firstaxis e, y from platform 4 to the supporting
structure 2 by torsion of thefirst Ly 1 and second L, 4 rods.
[0046] Accordingtoan alternative embodiment (Figure
9 and 6A, 6B), the first arm 8 includes a first leverage 30
connected to the first saddle P, by means of a simple
rotary joint which allows the rotation around a single axis
uq , orthogonal to the first path u, 1 and orthogonal to a
longitudinal axis of the first leverage 30,

wherein the first end of the first rod L4 4 is connected to
a first end of the first leverage 30 by means of a rotary
or universal Cardan joint which allows a rotation around
two axes orthogonal to each other, one of which uy 5 4 4
coaxial to the longitudinal axis of the first leverage 30 and
the other u4 5 4 , orthogonal to the longitudinal axis of the
firstrod Ly 4,

and wherein a first end of a further first rod L4 , is con-
nected to a second end of the first leverage 30 (at a fixed
distance from the first end of the first leverage 30) by
means of a rotary or universal Cardan joint which allows
arotation around two axes orthogonal to each other, one
of which uy 5 , 1 coaxial to the longitudinal axis of the first
leverage 30 and the other u, 5, 5 orthogonal to the lon-
gitudinal axis of the further first rod L4 ,,

and wherein the second end of the first rod L, 4 is con-
nected to platform 4 in a first connection point 32 via a
Cardan or universal rotary joint which allows the rotation
aroundtwo axes Uq 4 1 ¢, Uy 4 1 pOrthogonaltoeach other,
one of which uy 4 4 , coaxial to a longitudinal axis of the
longitudinal portion 28 of platform 4 and the other u 4 4 4
orthogonal to the longitudinal axis of the first rod L; 4,
and in which a second end of the further first rod L , is
connected to platform 4 in a second connection point 33
(having fixed distance from the first connection point
along the longitudinal axis of the longitudinal portion 28
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of platform 4 and preferably identical to the distance be-
tween the first ends of the first rod L4 1 and of the further
firstrod L, ,) by means of universal or Cardan rotary joint
which allows the rotation around two axes Uy 45 1, U1 422
mutually orthogonal of which one uy 4 , , coaxial to a lon-
gitudinal axis of the longitudinal portion 28 of platform 4
and the other u, 4 , 4 orthogonal to the longitudinal axis
of the further first rod L4 ,.

[0047] In this way, the first arm 8 forms an articulated
quadrilateral linkage suitable to transmit, in certain posi-
tions, also the torques around the first axis e, by axial
forces in the first rod L4 4 and in the further firstrod L ,
spaced in the direction of the longitudinal axis of the first
leverage 30 and, therefore, also in the direction of the
third axis e, .

[0048] Likewise, the second arm 10 comprises a sec-
ond leverage 31 connected to the second saddle P, by
means of a simple rotary joint which allows the rotation
around a single axis u, , orthogonal to the second tra-
jectory u, 4 and orthogonal to a longitudinal axis of the
second leverage 31,

wherein the first end of the second rod L, ¢ is connected
to a first end of the second leverage 31 by means of a
rotary or universal Cardan joint that allows a rotation
around two axes orthogonal to each other, one of which
Uy 3 1,1 coaxial to the longitudinal axis of the second lev-
erage 31 and the other uj 5 ¢ » orthogonal to the longitu-
dinal axis of the second rod L, 4,

and wherein a first end of a further second rod L, is
connected to a second end of the second leverage 31
(at a fixed distance from the first end of the second lev-
erage 31) by means of a rotary or universal Cardan joint
that allows a rotation around two axes orthogonal to each
other, one of which u, 5 , 1 coaxial to the longitudinal axis
of the second leverage 31 and the other u, 5 , , orthog-
onalto the longitudinal axis of the further second rod L, ,
and wherein the second end of the second rod L; ¢ is
connected to platform 4 in a third connection point 34
(preferably close to or coinciding with the first connection
point 32) by a rotary or universal Cardan joint which al-
lows the rotation around two axes U 4 1 1 Uz 4 1 » Orthog-
onal to each other, one of which u, 4 4 1 coaxial to the
longitudinal axis of the longitudinal portion 28 of platform
4 and the other u, 4 4 » orthogonal to the longitudinal axis
of the second rod L, 4,

and wherein a second end of the further second rod L, ,
is connected to platform 4 in a fourth connection point 35
(having fixed distance from the third connection point 34
along the longitudinal axis of the longitudinal portion 28
of platform 4 and preferably identical to the distance be-
tween the first ends of the second rod L, 4 and of the
further second rod L,,) by means of a universal or
Cardan rotary joint that allows the rotation around two
axes Uy 474, Uy 49, Mutually orthogonal of which one
Uy 4 2 1 coaxial to the longitudinal axis of the longitudinal
portion 28 of platform 4 and the other u, 4 5 , orthogonal
to the longitudinal axis of the further second rod L, 5.
[0049] The fourth connection point 35 may advanta-
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geously be immediately adjacent to or substantially co-
incident with the second connection point 33.

[0050] In this way, also the second arm 10 forms an
articulated quadrilateral linkage suitable to transmit, in
certain positions, the torques around the first axis e,
by axial forces in the second rod L, 4 and in the further
second rod L, , spaced in the direction of the longitudinal
axis of the second leverage 31 and, therefore, also in the
direction of the third axis e, .

[0051] Thefirstend ofthe third rod L5 can be connected
to the third saddle P, using a spherical rotary joint or (to
lock a rotation of the third rod around its longitudinal axis)
auniversalor Cardanrotary jointwhich allows the rotation
around two axes orthogonal to each other and orthogonal
to the longitudinal axis of the third rod L5, and

the second end of the third rod L3 is connected to platform
4 (preferably in the platform centre O,,) through a spher-
ical rotary joint or a Cardan joint which allows the rotation
around two axes orthogonal to each other and orthogonal
to the longitudinal axis of the third rod Ls.

[0052] Also the first end of the fourth rod L, can be
connected to the fourth saddle P, using a spherical rotary
joint or, to block a rotation of the fourth rod around its
longitudinal axis, by a universal or Cardan rotary joint
which allows the rotation around two axes orthogonal to
each other and orthogonal to the longitudinal axis of the
fourth rod L4, and

the second end of the fourth rod L, is connected to plat-
form 4 by means of a spherical rotary joint or by a Cardan
joint which allows the rotation around two axes orthogo-
nal to each other and orthogonal to the longitudinal axis
of the fourth rod L. Generally, in the case of a rod with
two spherical joints at the ends, one of them can be re-
placed with a Cardan joint, to lock the rotation of the rod
around its axis, keeping the second spherical joint to en-
sure the degrees of rotating freedom indispensable for
proper functioning.

[0053] Finally, also the first end of the fifth rod Ls can
be connected to the fifth saddle P5 by a spherical rotary
joint or, to lock a rotation of the fifth rod around its longi-
tudinal axis, by means of a universal or Cardan rotary
joint which allows the rotation around two axes orthogo-
nal to each other and orthogonal to the longitudinal axis
of the fifth rod Ls, and

the second end of the fifth rod Lg is connected to platform
4 by a spherical rotary joint or by a Cardan joint which
allows the rotation around two axes orthogonal to each
other and orthogonal to the longitudinal axis of the fifth
rod Ls.

[0054] Accordingtoan alternative embodiment (Figure
11), it is possible to replace the Cardan joints of the first
arm 8 and the second arm 10 with spherical joints, pre-
venting the respectiverods Ly 4, L4 5, L, 4, L, 5 to transmit
torsional moments. In any case, to ensure the transmis-
sion of moments around the first axis e,y from platform
4 to the base structure 2, the first leverage 30 and the
second leverage 31 may be coupled to each other by
means of a double Cardan (constant velocity) joint 36
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with variable length, so as to maintain the longitudinal
axes of the first leverage 30 and the second leverage 31
always parallel.

[0055] As an alternative tothe double Cardan constant
velocity joint 36 and in any case to ensure the transmis-
sion of moments around the first axis e, \, from platform
4 to the base structure 2, the third arm 12 may comprise
a further third rod and form an articulated quadrilateral
linkage suitable to transmit the moments around the first
axis e, y from platform 4 to the base structure 2 by means
of axial forces in the third rod and in the further third rod
(Figure 12).

[0056] According to an embodiment with six parallel
degrees of freedom (Figures 13, 14), a sixth arm 37 may
be provided, having a sixth saddle Pg slidably connected
to the supporting structure 2 along a sixth trajectory, and
positionable along the sixth trajectory by a sixth actuator,
as well as a sixth rigid rod having a first end rotatably
connected to the sixth saddle Pg and a second end ro-
tatably connected to platform 4.

[0057] With platform 4 in the neutral position and, pref-
erably, in the entire positioning range ("range of motion™)
of platform 4, the longitudinal axes of the third L and
sixth Lg rods are parallel and spaced apart or they inter-
sect at a point spaced from the platform centre O, in
such a way that, by adjusting the position of the first ends
of the third L3 and sixth Lg rods along the third us 4 and
sixth trajectories, it is possible to rotate the platform cen-
tre O, (and thus the entire platform 4) around the first
axis e, y.

More specifically, with platform 4 in the neutral position
and, preferably, in the entire positioning range ("range of
motion") of platform 4, the orthogonal projections of lon-
gitudinal axes of the third L5 and sixth Lg rods on a plane
(transversal vertical) defined by the second axis ey w and
by the third axis e,y are parallel and spaced apart or
they intersect in a point spaced from the platform centre
O, in such manner that, by adjusting the position of the
first end of the third Ly and sixth Lg rods along the third
uy 1 and sixth trajectories, it is possible to rotate the plat-
form centre O, (and therefore the entire platform 4)
around the first axis ey yy.

[0058] In other words, platform 4 and the third L5 and
sixth Lg rods form a further articulated sub-frame, in par-
ticular an articulated quadrilateral frame, displaceable by
means of the third 13 and sixth actuators in such a way
as to rotate platform 4 around the first axis e, .

[0059] In order to form the further articulated sub-
frame, the second end of the third rod L5 and the second
end of the sixth rod Lg can be connected in a rotatable
manner to one of the opposite ends of the transversal
portion 27 or of another portion of platform 4 spaced from
the transversal portion 27, respectively.

[0060] Accordingtoanembodiment, device 1 compris-
es sensor means associated to the adjusting mechanism
5, preferably saddle position sensors 19 located and con-
figured to detect the positions of the first, second, third,
fourth, and fifth (and, if provided, sixth) saddles in relation
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to the supporting structure 2, a gripping position sensor
20 arranged and configured to detect the rotary position
of the gripping device 6 in relation to platform 4, as well
as a force sensor 21 arranged and configured to detect
the forces transmitted by the gripping device 6 to platform
4.

[0061] Device 1further comprisesacontrolunit22 con-
nected with the sensor means 19, 20, 21 and the actua-
tors 9, 11, 13, 15, 17, 18, wherein the control unit 22 is
configured to actuate the first, second, third, fourth, fifth,
and sixth actuators so as to adjust the position of platform
4 and the gripping device 6 as a function of the amounts
detected by the sensor means 19, 20, 21 of a control
program and adjustment commands that can be received
by a user interface 23.

[0062] The control program can be standardized or
custom, loaded on a memory media queried by the con-
trol unit 22 and adapted in accordance with the demands
of surgery planned.

[0063] Actuators 9, 11, 13, 15, 17, 18 can be driven
using a control method based on the kinematic calcula-
tion for parallel and hybrid kinematic mechanisms. The
control method per se does not form an object of the
present invention.

[0064] According to an embodiment (figures 2 to 8B),
to facilitate the installation of the device in the available
space beneath the surgery bed and the position control
of platform 4, the first u, 4, second uj 4, third us 4, fourth
uy 4 and fifth us 4 trajectories are rectilinear. Advanta-
geously, the first u, 1 and second u, ¢ trajectories are
parallel to each other and, preferably, parallel to the first
axis e, . With further advantage, also the fourth u, 4 and
fifth us 4 trajectories are parallel to each other and, pref-
erably, parallel to the first axis e, . According to a pre-
ferred embodiment, all first u, 4, second u 4, third us 4,
fourth uy 4 and fifth us 4 trajectories lie in planes parallel
to each other and, preferably, in planes parallelto a plane
(longitudinal-vertical) axes defined by the first e, \y (lon-
gitudinal axis) and third e, \y axes of the supporting struc-
ture 2.

[0065] The third trajectory uj 4 is advantageously in-
clined or perpendicular to a plane (horizontal) defined by
the first e, \y and second e, \y axes.

[0066] The supporting structure 2 may also comprise
adjustment means, for example height adjustable feet,
for adjusting the relative position between the supporting
structure 2 and a floor.

[0067] The supporting structure 2 may further com-
prise fastening means, such as a fixing bracket with tight-
ening screws (not shown in the figures) for the rigid fixing
of device 1toan application, for example to the operating
table 3.

[0068] The supporting structure 2, arms 8, 10, 12, 14,
16, platform 4 and the gripping device 6 may be made
of metal, e.g. aluminium, or synthetic material optionally
reinforced with fibres, as well as of a composite material,
for example a carbon matrix reinforced with carbon fibres
or glass. In this way it is possible to combine high rigidity
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with a low weight that favours the transportability of de-
vice 1.

[0069] The adjusting mechanism 5 is advantageously
covered by a flexible film or through a folding fabric (not
shown) connected to the supporting structure 2 and to
platform 4.

[0070] From the above description, the man skilled in
the art will appreciate that device 1 according to the
present invention allows the achievement of the objects
described in the introduction and not repeated herein for
shortness.

Claims

1. Adevice (1) for supporting and adjusting the position
of a patient’'s head during surgeries, comprising:

- a supporting structure (2) for resting the device
(1) on an application, said supporting structure
(2) defining a first axis (e, ), a second axis
(ey‘W), and a third axis (e, ) that are mutually
orthogonal,

- a mobile platform (4) defining a platform centre
(O,,) and being constrained to the supporting
structure (2) by an adjusting mechanism (5) suit-
able to position the platform (4) in relation to the
supporting structure (2) in a neutral position and
to adjust the position of the platform (4) in rela-
tion to the supporting structure (2).

- a gripping device (6) connected to the platform
(4) and having locking means (7) suitable to lock
the head to the gripping device (6),

characterized in that the adjusting mechanism (5)
comprises:

- afirst arm (8) having a first saddle (P4) slidably
connected to the supporting structure (2) along
afirsttrajectory (u4 1) and positionable along the
firsttrajectory (u4 4) by afirstactuator (9), as well
as a first rod (L1,1) having a first end rotatably
connected to the first saddle (P4) and a second
end rotatably connected to the platform (4),
-asecond arm (10) having a second saddle (P,)
slidably connected to the supporting structure
(2) along a second trajectory (u, 4) and position-
able along the second trajectory (u, 4) by a sec-
ond actuator (11), as well as a second rod (L, 1)
having afirst end rotatably connected to the sec-
ond saddle (P,) and a second end rotatably con-
nected to the platform (4),

- a third arm (12) having a third saddle (P) sli-
dably connected to the supporting structure (2)
along a third trajectory (uz 1) and positionable
along the third trajectory (us 4) by a third actuator
(13), as well as a third rod (L3) having a first end
rotatably connected to the third saddle (P3) and
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a second end rotatably connected to the plat-
form (4),

- a fourth arm (14) having a fourth saddle (P,)
slidably connected to the supporting structure
(2) along a fourth trajectory (uy 1) and position-
able along the fourth trajectory (u, 4) by a fourth
actuator (15), as well as a fourth rod (L4) having
a first end rotatably connected to the fourth sad-
dle (P,) and a second end rotatably connected
to the platform (4),

- afifth arm (16) having afifth saddle (P5) slidably
connected to the supporting structure (2) along
afifth trajectory (us 1) and positionable along the
fifth trajectory (us 1) by a fifth actuator (17), as
well as a fifth rod (L5 4) having a first end rotat-
ably connected to the fifth saddle (P5) and a sec-
ond end rotatably connected to the platform (4),
- wherein the platform (4) and the first (8), sec-
ond (10), third (12), fourth (14), and fifth (16)
arms form together an articulated frame dis-
placeable by the first(9), second (11), third (13),
fourth (15), and fifth (17) actuators so that the
platform (4) can translate in the direction of the
first axis (e, y), the second axis (ey’W), and the
third axis (e, ) and rotate around the second
axis (ey‘W) and the third axis (,y)-

The device (1) according to claim 1, wherein the first
(9), second (11), third (13), fourth (15), and fifth (17)
actuators comprise electric motors connected to the
supporting structure (2) and acting on the first ends
of the first (L4 4), second (L 4), third (Lg), fourth (L),
and fifth (Ls) rods.

The device (1) according to claim 1 or 2, wherein the
gripping device (6) is rotatably connected to the plat-
form (4) around a local axis (ug) and orientable
around the local axis (ug) in relation to the platform
(4) by a sixth actuator (18) connected to the platform

(4).

The device (1) according to claim 3, wherein the local
axis (u6) passes through a point(O,) that is eccentric
relative to the platform centre (O.,), and when the
platform (4) stands in the neutral position, the local
axis (Ug) is parallel to the first axis (e,) and is
spaced apart from the platform centre (Om) in the
direction of the third axis (e, ).

The device (1) according to any one of the previous
claims, wherein, within the entire positioning range
of the platform (4), the longitudinal axes of the first
(L4,1) and the second (L, 4) rods are transversal to
one another, so that, by adjusting the position of the
first ends of the first (L4 1) and the second (L, ¢) rods
along the first (u; 1) and the second (u, ) trajecto-
ries, it is possible to translate the platform (4) in the
direction of the first axis (e, w) and in the direction
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of the second axis (ey,w)-

The device (1) according to any one of the previous
claims, wherein the platform (4) and the first (L4 )
and the second (L, 4) rods form a first articulated
sub-frame (24) displaceable by the first (9) and the
second (11) actuators so as to translate the platform
(Op) in the direction of the first axis (e, ) and in the
direction of the second axis (eyYW),

wherein the first articulated sub-frame (24) prefera-
bly forms an articulated trilateral linkage.

The device (1) according to any one of the previous
claims, wherein the platform (4) and the third rod
(L3,1), and at least one of the first (L 4) and the sec-
ond (L, 4) rods, form a second articulated sub-frame
(25) displaceable by the third (13), first (9) and/or
second (11) actuators so as to translate the platform
(4) in the direction of the first axis (e, ) and in the
direction of the third axis (e, y)-

wherein the second articulated sub-frame (25) pref-
erably forms an articulated quadrilateral linkage.

The device (1) according to any one of the previous
claims, wherein the longitudinal axes of the fourth
(L4) and the fifth (Ls) rods are oriented and spaced
apart, so that, by adjusting the position of the first
ends of the fourth (L,) and the fifth (Ls) rods along
the fourth (u4 4) and the fifth (us ) trajectories, it is
possible to rotate the platform (4) around the third
axis (e, w)-

The device (1) according to any one of the previous
claims, wherein the platform (4) and the fourth (L)
and the fifth (Ls) rods form a third articulated sub-
frame (26) displaceable by the fourth (15) and the
fifth (17) actuators so as to rotate the platform (4)
around the third axis (e, ),

wherein the third articulated sub-frame (26) prefer-
ably forms an articulated quadrilateral linkage.

The device (1) according to claim 9, wherein the plat-
form (4) is in the shape of a (T) with a longitudinal
portion (28) forming the platform centre (O,,,), and a
transversal portion (27) transversally extending with
respect to the extension of the longitudinal portion
(28), wherein the transversal portion (27) forms two
opposite ends spaced apart from the platform centre
(O both in the direction of the second axis (ey‘W)
and in the direction of the third axis (e, ), wherein
the second end of the fourth rod (L4) and the second
end of the fifth rod (Ls) are rotatably connected re-
spectively to one of the opposite ends of the trans-
versal portion (27).

The device (1) according to any one of the previous
claims, wherein, within the entire positioning range
of the platform (4), the orthogonal projections of the
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longitudinal axis of at least one of the first (L, 4) and
the second (L, 4) rods and of at least one of the fourth
(L4) and the fifth (Ls) rods on the plane defined by
the first axis (e, ) and the third axis (e, ) are par-
allel and spaced apart or intersect in a point spaced
apart from the platform centre (O,,), so that, by ad-
justing the position of the first ends of at least one of
the first (L4 4) and the second (L, 4) rods and of at
least one of the fourth (Ly) and the fifth (Ls) rods
along the respective trajectories (Uyq, Upq, Ug 1,
Us 4). it is possible to rotate the platform (4) around
the second axis (ey’W).

The device (1) according to any one of the previous
claims, wherein at least one of the first (L4 ;) and the
second (L, 4) rods and at least one of the fourth (L4)
and the fifth (L) rods form, together with the platform
(4), at least one fourth articulated sub-frame (29) dis-
placeable by the respective actuators (9, 11, 15, 17)
s0 as to rotate the platform (4) around the second
axis (ey,W), wherein the fourth sub-frame (29) forms
an articulated quadrilateral linkage.

The device (1) according to any one of the previous
claims, wherein:

thefirstrod (L4 1) and the second rod (L, 1) form,
atthe ends thereof, rotary Cardan joints that are
configured to transmit torques to the rod, while
allowing the rotation around two axes that are
mutually orthogonal and orthogonal to a longi-
tudinal axis of the respective rod.

The device (1) according to any one of the previous
claims, wherein:

- the first arm (8) further comprises a first lever-
age (30) rotatably connected to the first saddle
(Py),

wherein the first end of the first rod (L4 4) is ro-
tatably connected to a first end of the first lever-
age (30), and afirstend of afurther firstrod (L4 )
is rotatably connected to a second end of the
first leverage (30),

wherein the second end of the first rod (L4 4) is
connected to the platform (4) in afirst connection
point (32), and a second end of the further first
rod (L, ,) is connected to the platform (4) in a
second connection point (33),

so that the first arm (8) and the platform (4) form
an articulated quadrilateral linkage,

- the second arm (10) further comprises a sec-
ond leverage (31) that is rotatably connected to
the second saddle (P,),

wherein the first end of the second rod (L, 1) is
rotatably connected to a first end of the second
leverage (31), and afirst end of a further second
rod (L, ,) is rotatably connected to a second end
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of the second leverage (31),

wherein the second end of the second rod (L, ¢)
is connected to the platform (4) in a third con-
nection point (34), and a second end of the fur-
ther second rod (L, ,) is rotatably connected to
the platform (4) in a fourth connection point (35),
so that the second arm (10) and the platform
form an articulated quadrilateral linkage,
wherein the third connection point (34) is imme-
diately adjacenttothe first connection point (32),
and the fourth connection point (35) is immedi-
ately adjacent to the second connection point
(33), and the first, second, third, and fourth con-
nection points are all arranged on a longitudinal
axis of the platform (4), allowing a rotation of the
second ends of the first, second, third, and fourth
rods in relation to the platform (4) around the
platform (4) longitudinal axis,

wherein the first leverage (30) and the second
leverage (31) are mutually coupled by a homok-
inetic double Cardan joint of a variable length
(36) and configured so as to keep the longitudi-
nal axes of the first leverage (30) and the second
leverage (31) always parallel.

15. The device (1) according to one of the previous

claims, comprising a sixth arm (37) having a sixth
saddle (Pg) that is slidably connected to the support-
ing structure (2) along a sixth trajectory, and posi-
tionable along the sixth trajectory by a sixth actuator,
as well as a sixth rigid rod having a first end rotatably
connected to the sixth saddle (Pg), and a second end
rotatably connected to the platform (4),

wherein, within the entire positioning range of the
platform (4), the longitudinal axes of the third (L5)
and sixth (Lg) rods are oriented and spaced apart,
so that, by adjusting the position of the first ends of
the third (L3) and sixth (Lg) rods along the third (us 4)
and sixth trajectories, it is possible to rotate the plat-
form (4) around the first axis (e, w)-

Patentanspriiche

Vorrichtung (1) zum Tragen und Anpassen der Po-
sition des Kopfs eines Patienten wahrend Operatio-
nen, umfassend:

- eine Tragestruktur (2) zum Abstltzen der Vor-
richtung (1) an einer Einrichtung, wobei die Tra-
gestruktur (2) eine erste Achse (e, ,,), eine zwei-
te Achse (ey, w) und eine dritte Achse (e,, )
definiert, welche zueinander orthogonal sind,

- eine mobile Plattform (4), welche eine Platt-
form-Mitte (O,,,) definiert und an der Tragestruk-
tur (2) durch einen Anpassungsmechanismus
(5) gehalten ist, welcher geeignet ist, die Platt-
form (4) bezuglich der Tragestruktur (2) in einer
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neutralen Position zu positionieren und die Po-
sitionder Plattform (4) bezliglich der Tragestruk-
tur (2) anzupassen,

- eine Greifvorrichtung (6), welche mit der Platt-
form (4) verbunden ist und Fixierungsmittel (7)
aufweist, welche geeignet sind, den Kopfan der
Greifvorrichtung (6) zu fixieren,

dadurch gekennzeichnet, dass der Anpassungs-
mechanismus (5) umfasst:

- einen ersten Arm (8), welcher einen ersten Sat-
tel (P4) entlang einer ersten Bahn (u, 1) gleitbar
und durch einen ersten Aktuator (9) entlang der
ersten Bahn (u, 4) positionierbar mit der Trage-
struktur (2) verbunden aufweist, sowie eine ers-
te Stange (L4,¢), welche ein erstes Ende rotier-
bar mit dem ersten Sattel (P,) und ein zweites
Ende rotierbar mit der Plattform (4) verbunden
aufweist,

- einen zweiten Arm (10), welcher einen zweiten
Sattel (Py) entlang einer zweiten Bahn (u; )
gleitbar und durch einen zweiten Aktuator (11)
entlang der zweiten Bahn (u, ¢) positionierbar
mit der Tragestruktur (2) verbunden aufweist,
sowie eine zweite Stange (L, 1), welche ein ers-
tes Ende rotierbar mit dem zweiten Sattel (P,)
und ein zweites Ende rotierbar mit der Plattform
(4) verbunden aufweist,

- einen dritten Arm (12), welcher einen dritten
Sattel (P3) entlang einer dritten Bahn (uj ¢) gleit-
barunddurch einendritten Aktuator (13) entlang
der dritten Bahn (ug 1) positionierbar mitder Tra-
gestruktur (2) verbunden aufweist, sowie eine
dritte Stange (L3), welche ein erstes Ende ro-
tierbar mit dem dritten Sattel (P5) und ein zwei-
tes Ende rotierbar mit der Plattform (4) verbun-
den aufweist,

- einen vierten Arm (14), welcher einen vierten
Sattel (P4) entlang einer vierten Bahn (uy 4) gleit-
bar und durch einen vierten Aktuator (15) ent-
lang der vierten Bahn (u4‘1) positionierbar mit
der Tragestruktur (2) verbunden aufweist, sowie
eine vierte Stange (L), welche ein erstes Ende
rotierbar mit dem vierten Sattel (P,) und ein
zweites Ende rotierbar mit der Plattform (4) ver-
bunden aufweist,

- einen funften Arm (16), welcher einen funften
Sattel (P5) entlang einer ersten Bahn (us 4) gleit-
bar und durch einen funften Aktuator (17) ent-
lang der funften Bahn (us 4) positionierbar mit
der Tragestruktur (2) verbunden aufweist, sowie
einefunfte Stange (L5 1), welche ein erstes Ende
rotierbar mit dem funften Sattel (P5) und ein
zweites Ende rotierbar mit der Plattform (4) ver-
bunden aufweist,

-waobei die Plattform (4) und der erste (8), zweite
(10), dritte (12), vierte (14) und flinfte (16) Arm
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zusammen einen gelenkigen Rahmen bilden,
welcher vondem ersten (9), zweiten (11), dritten
(13), vierten (15) und funften (17) Aktuator ver-
stellbar ist, so dass sich die Plattform (4) in der
Richtung der ersten Achse (e, ,,), der zweiten
Achse (eyiw) und der dritten Achse (e, ) verla-
gern und um die zweite Achse (e und die
dritte Achse (e, ,,) rotieren kann.

yw)

Vorrichtung (1) nach Anspruch 1, wobei der erste
(9), zweite (11), dritte (13), vierte (15) und fiinfte (17)
Aktuator Elektromotoren umfassen, die mit der Tra-
gestruktur (2) verbunden sind und auf die ersten En-
denderersten (L4 4), zweiten (L, ¢), dritten (L), vier-
ten (L4) und flinften (Lg) Stange wirken.

Vorrichtung (1) nach Anspruch 1 oder 2, wobei die
Greifvorrichtung (6) mit der Plattform (4) um eine lo-
kale Achse (ug) rotierbar verbunden ist und um die
lokale Achse (ug) bezlglich der Plattform (4) durch
einen sechsten Aktuator (18) orientierbar ist, der mit
der Plattform (4) verbunden ist.

Vorrichtung (1) nach Anspruch 3, wobei die lokale
Achse (u6) durch einen Punkt (O,) verlauft, der be-
zlglich der Plattform-Mitte (O,,, exzentrisch ist, und
wenndie Plattform (4) in der neutralen Position steht,
die lokale Achse (ug) parallel zu der ersten Achse
(exw) ist und von der Plattform-Mitte (Om) in der
Richtung der dritten Achse (e, ,,) beabstandet ist.

Vorrichtung (1) nach einem der vorhergehenden An-
spriiche, wobei innerhalb des gesamten Positionie-
rungsbereichs der Plattform (4) die LAngsachsender
ersten (L4 4) und der zweiten (L, 1) Stange transver-
sal zueinander sind, so dass es durch Anpassen der
Position der ersten Enden der ersten (L4 4) und der
zweiten (L, 4) Stange entlang der ersten (uq 4) und
der zweiten (u, 4) Bahn méglich ist, die Plattform (4)
in die Richtung der ersten Achse (e, ) und in die
Richtung der zweiten Achse (ey,w) zu verlagern.

Vorrichtung (1) nach einemder vorhergehenden An-
sprlche, wobei die Plattform (4) und die erste (L4 1)
und die zweite (L, 1) Stange einen ersten gelenkigen
Unterrahmen (24) bilden, welcher durch den ersten
(9) und den zweiten (11) Aktuator verstellbar ist, um
sodie Plattform (O,,,) in der Richtung der ersten Ach-
se (& ) Undinder Richtung der zweiten Achse (ey‘w)
zu verlagern,

wobei der erste gelenkige Unterrahmen (24) vor-
zugsweise eine gelenkige dreiseitige Verbindung bil-
det.

Vorrichtung (1) nach einem der vorhergehenden An-
spriiche, wobei die Plattform (4) und die dritte Stange
(L3 1) und wenigstens eine aus der ersten (L4 4) und
der zweiten (L, 1) Stange einen zweiten gelenkigen
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10.

1.

Unterrahmen (25) bilden, welcher durch den dritten
(13), ersten (9) oder/und zweiten (11) Aktuator ver-
lagerbar ist, um so die Plattform (4) in die Richtung
der ersten Achse (e, ,,) und in die Richtung der drit-
ten Achse (e,,,) zu verlagern,

wobei der zweite gelenkige Unterrahmen (25) vor-
zugsweise eine gelenkige, vierseitige Verbindung
bildet.

Vorrichtung (1) nach einem der vorhergehenden An-
spriiche, wobei die LAngsachse der vierten (L4) und
der fiinften (Ls) Stange derart orientiert und beab-
standet sind, dass es durch Anpassen der Position
der ersten Enden der vierten (L,) und fiinften (Ls)
Stange entlang der vierten (us 1) und der funften
(us 1) Bahn moglich ist, die Plattform (4) um die dritte
Achse (e, ,) zu rotieren.

Vorrichtung (1) nach einem der vorhergehenden An-
spriiche, wobei die Plattform (4) und die vierte (L,)
und die flinfte (Ls) Stange einen dritten gelenkigen
Unterrahmen (26) bilden, welcher durch den vierten
(15) und funften (17) Aktuator verlagerbar ist, so
dass die Plattform (4) um die dritte Achse (e,,,) ro-
tiert,

wobei der dritte gelenkige Unterrahmen (26) vor-
zugsweise eine gelenkige vierseitige Verbindung bil-
det.

Vorrichtung (1) nach Anspruch 9, wobeidie Plattform
(4) in der Form eines (T) mit einem longitudinalen
Abschnitt (28), welcher die Plattform-Mitte (O,,) bil-
det, und mit einem transversalen Abschnitt (27) vor-
liegt, welcher sich transversal beziiglich der Verlan-
gerung des longitudinalen Abschnitts (28) erstreckt,
wobei der transversale Abschnitt (27) zwei gegeni-
berliegende Enden bildet, welche von der Plattform-
Mitte (O,,,) sowohlin der Richtung der zweiten Achse
(eyw) als auch in der Richtung der dritten Achse
(e,) beabstandet sind, wobei das zweite Ende der
vierten Stange (L4) und das zweite Ende der flinften
Stange (Ls) jeweils rotierbar mit einem der gegenu-
berliegenden Enden des transversalen Abschnitts
(27) verbunden sind.

Vorrichtung (1) nach einem der vorhergehenden An-
spriichen, wobeiinnerhalb des gesamten Positionie-
rungsbereichs der Plattform (4) die orthogonalen
Projektionen der Langsachse von wenigstens einer
aus der ersten (L4 ) und der zweiten (L, 1) Stange
und von wenigstens einer aus der vierten (L,) und
der flinften (Ls) Stange auf die durch die ersten Ach-
se (e, ) unddiedritten Achse (e, ,,) definierte Ebene
parallel und beabstandet sind oder sich in einem
Punkt von der Plattform-Mitte (O,,) beabstandet
schneiden, so dass es durch Anpassen der Position
der ersten Enden von wenigstens einer aus der ers-
ten (L4 4) und der zweiten (L, 1) Stange und wenigs-
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tens einer aus der vierten (L) und der fiinften (L5)
Stange entlang der jeweiligen Bahnen (uy 4, Uy 4,
Uy 1, Us 1) mglich ist, die Plattform (4) um die zweite
Achse (ey_w) zu rotieren.

Vorrichtung (1) nach einem der vorhergehenden An-
sprlche, wobeiwenigstens eine aus derersten(L, )
und der zweiten (L, 1) Stange und wenigstens eine
aus der vierten (L) und der finften (L) Stange zu-
sammen mit der Plattform (4) wenigstens einen vier-
ten gelenkigen Unterrahmen (29) bilden, welcher
durch jeweilige Aktuatoren (9, 11, 15, 17) verlager-
bar ist, um so die Plattform (4) um die zweite Achse
(ey,w) zu rotieren, wobei der vierte Unterrahmen (29)
eine gelenkige vierseitige Verbindung bildet.

Vorrichtung (1) nach einem der vorhergehenden An-
spriiche, wobei:

die erste Stange (L4 ) und die zweite Stange
(Lp,1) an den Enden davon Rotations-Kardan-
gelenke bilden, welche dazu eingerichtet sind,
Drehmomente an die Stange zu lbertragen,
wahrend die Rotation um zwei Achsen erlaubt
wird, die gegenseitig orthogonal und orthogonal
zueinerLangsachse der jeweiligen Stange sind.

Vorrichtung (1) nach einem der vorhergehenden An-
spriche, wobei:

- der erste Arm (8) ferner einen ersten Hebel
(30) umfasst, welcher rotierbar mit dem ersten
Sattel (P4) verbunden ist,

wobei das erste Ende der ersten Stange (L4 1)
rotierbar mit einem ersten Ende des ersten He-
bels (30) verbunden ist, und ein erstes Ende ei-
ner weiteren ersten Stange (L4 ,) rotierbar mit
einem zweiten Ende des ersten Hebels (30) ver-
bunden ist,

wobei das zweite Ende der ersten Stange (L ¢)
mit der Plattform (4) in einem ersten Verbin-
dungspunkt (32) verbunden ist, und ein zweites
Ende der weiteren ersten Stange (L4 ) mit der
Plattform (4) in einem zweiten Verbindungs-
punkt (33) verbunden ist,

so dass der erste Arm (8) und die Plattform (4)
eine gelenkige vierseitige Verbindung bilden,

- der zweite Arm (10) ferner einen zweiten Hebel
(31) umfasst, welcher rotierbar mit dem zweiten
Sattel (P,) verbunden ist,

wobei das erste Ende der zweiten Stange (L, ¢)
rotierbar miteinem ersten Ende des zweiten He-
bels (31) verbunden ist, und ein erstes Ende ei-
ner weiteren zweiten Stange (L, ) rotierbar mit
einem zweiten Ende des zweiten Hebels (31)
verbunden ist,

wobei das zweite Ende der zweiten Stange
(L,1) mit der Plattform (4) in einem dritten Ver-
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bindungspunkt (34) verbunden ist, und ein zwei-
tes Ende der weiteren zweiten Stange (L, ,) ro-
tierbar mit der Plattform (4) in einem vierten Ver-
bindungspunkt (35) verbunden ist,

so dass der zweite Arm (10) und die Plattform
eine gelenkige vierseitige Verbindung bilden,
wobei der dritte Verbindungspunkt (34) unmit-
telbar benachbart zu dem ersten Verbindungs-
punkt (32) ist, und der vierte Verbindungspunkt
(35) unmittelbar benachbart zu dem zweiten
Verbindungspunkt (33) ist, und der erste, zwei-
te, dritte und vierte Verbindungspunkt alle an
einer Langsachse der Plattform (4) angeordnet
sind, was eine Rotation der zweiten Enden der
ersten, zweiten, dritten und vierten Stange be-
zlglich der Plattform (4) um die Langsachse der
Plattform (4) erlaubt,

wobei der erste Hebel (30) und der zweite Hebel
(31) gegenseitig durch ein homokinetisches
Doppel-Kardangelenk von einer variablen Lan-
ge (36) gekoppelt sind und derart eingerichtet
sind, dass die Langsachsen des ersten Hebels
(30) und des zweitens Hebels (31) stets parallel
gehalten werden.

15. Vorrichtung (1) nach einem der vorhergehenden An-

spriche, umfassend einen sechsten Arm (37), wel-
cher einen sechsten Sattel (Pg) aufweist, welcher
gleitbar mit der Tragestruktur (2) entlang einer
sechsten Bahn verbunden ist und durch einen
sechsten Aktuator entlang der sechsten Bahn posi-
tionierbar ist, sowie eine sechste starre Stange, wel-
che ein erstes Ende rotierbar mit dem sechsten Sat-
tel (Pg) verbunden aufweist und ein zweites Ende
rotierbar mit der Plattform (4) verbunden aufweist,
wobei innerhalb des gesamten Positionierungsbe-
reichs der Plattform (4) die L&ngsachsen der dritten
(Lg) und sechsten (Lg) Stange derart orientiert und
beabstandet sind, dass es durch Anpassen der Po-
sition der ersten Enden der dritten (L3) und sechsten
(Lg) Stange entlang der dritten (U 4) und sechsten
Bahn méglich ist, die Plattform (4) um die erste Ach-
se (ey ) Zu rotieren.

Revendications

Dispositif (1) pour supporter et ajuster la position de
|a téte d’un patient pendant des opérations chirurgi-
cales, comprenant :

uns structure de support (2) pour appuyer le dis-
positif (1) sur une application, ladite structure de
support (2) définissant un premier axe (e ), un
deuxiéme axe (ey,w), et un troisieme axe (e, )
qui sont mutuellement orthogonaux,

une plateforme mobile (4) définissant un centre
de plateforme (O,,) et étant contrainte sur la
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structure de support (2) par un mécanisme
d’ajustement (5) approprié pour positionner la
plateforme (4) par rapport a la structure de sup-
port (2) dans une position neutre et pour ajuster
la position de la plateforme (4) par rapport a la
structure de support (2),

undispositif de préhension (6) raccordé a la pla-
teforme (4) et ayant des moyens de verrouillage
(7) appropriés pour bloguer la téte sur le dispo-
sitif de préhension (6),

caractérisé en ce que le mécanisme d’ajuste-
ment (5) comprend :

un premier bras (8) ayant une premiére selle
(P4) raccordée de maniére coulissante & la
structure de support (2) le long d’une pre-
miére trajectoire (uq 4) et pouvant étre po-
sitionnée le long de la premiére trajectoire
(uq 4) par un premier actionneur (9), ainsi
qu’une premiere tige (L4 1) ayant une pre-
miere extrémité raccordée de maniére ro-
tative & la premiére selle (P,) et une secon-
de extrémité raccordée de maniére rotative
a la plateforme (4),

un deuxieme bras (10) ayant une deuxieme
selle (P,) raccordée de maniére coulissante
a la structure de support (2) le long d’'une
deuxieme trajectoire (u, 1) et pouvant étre
positionnée le long de la deuxieme trajec-
toire (, 1) par undeuxieme actionneur (11),
ainsi qu'une deuxiéme tige (L, 1) ayant une
premiere extrémité raccordée de maniére
rotative & la deuxiéme selle (P,) et une
deuxieme extrémité raccordée de maniére
rotative a la plateforme (4),

un troisieme bras (12) ayant une troisiéme
selle (P3) raccordée de maniére coulissante
a la structure de support (2) le long d’une
troisieme trajectoire (us 4) et pouvant étre
positionnée le long de la troisiéme trajectoi-
re (us4) par un troisieme actionneur (13),
ainsi gu’une troisiéme tige (L3) ayant une
premiére extrémité raccordée de maniére
rotative a la troisieme selle (P3) et une se-
conde extrémité raccordée de maniére ro-
tative a la plateforme (4),

un quatrieme bras (14) ayantune quatrieme
selle (P,) raccordée de maniére coulissante
a la structure de support (2) le long d’'une
quatrieme trajectoire (u4 4) et pouvant étre
positionnée le long de la quatriéeme trajec-
toire (uy 1) par un quatrieme actionneur
(15), ainsi qu’une quatrieme tige (L,) ayant
une premiére extrémité raccordée de ma-
niére rotative a la quatrieme selle (P,) et
une seconde extrémité raccordée de ma-
niére rotative a la plateforme (4),

un cinquiéme bras (16) ayant une cinquie-
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me selle (P5) raccordée de maniére coulis-
sante a la structure de support (2) le long
d’'une cinquieme trajectoire (Us 1) et pou-
vant étre positionnée le long de la cinquié-
me trajectoire (Ug 1) par un cinquiéme ac-
tionneur (17) ainsi qu’'une cinquieme tige
(Ls 4) ayant une premiére extrémité raccor-
dée de maniére rotative a la cinquieme selle
(Ps) etune seconde extrémité raccordée de
maniére rotative a la plateforme (4),

dans lequel la plateforme (4) et les premier
(8), deuxiéme (10), troisieme (12), quatrié-
me (14) et cinquiéme (16) bras forment en-
semble un chassis articulé déplacable par
les premier (9), deuxiéme (11), le troisiéme
(13), quatriéme (15) et cinquiéme (17) ac-
tionneurs de sorte que la plateforme (4) peut
effectuer un mouvement de translation
dans la direction du premier axe (e, ,,), du
deuxiéme axe (ey‘w), et du troisieme axe
(e,w) et tourner autour du deuxieme axe
(ey’w) et du troisieme axe (e, ,,).

Dispositif (1) selon la revendication 1, dans lequel
les premier (9), deuxieme (11), troisiéme (13), qua-
trieme (15) et cinquiéme (17) actionneurs compren-
nent des moteurs électriques raccordés a la struc-
ture de support (2) et agissant sur les premiéres ex-
trémités des premiere (L4 4), deuxieéme (L, 4), troi-
siéme (Lg), quatrieme (L,) et cinquiéme (L) tiges.

Dispositif (1) selon la revendication 1 ou 2, dans le-
quel le dispositif de préhension (6) est raccordé de
maniére rotative a la plateforme (4) autour d’'un axe
local (ug) et orientable autour de I'axe local (ug) par
rapport a la plateforme (4) par un sixieme actionneur
(18) raccordé a la plateforme (4).

Dispositif (1) selon la revendication 3, dans lequel
I'axe local (u6) passe par un point (O,) qui est ex-
centrique par rapport au centre de plateforme (O,,),
et lorsque la plateforme (4) est dans la position neu-
tre, l'axe local (ug) est paralléle au premier axe (e ,)
et est éloigné du centre de plateforme (Om) dans la
direction du troisieme axe (e, ).

Dispositif (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel, dans toute la plage
de positionnement de la plateforme (4), les axes lon-
gitudinaux des premiére (L 1) et deuxieme (L ¢) ti-
gessonttransversaux les uns parrapportaux autres,
de sorte que, en ajustant la position des premiéres
extrémités des premiére (L4 4) et deuxieme (L, 4) ti-
ges le long des premiere (u, ) et deuxiéme (u, 4)
trajectoires, il est possible de faire effectuer un mou-
vement de translation a la plateforme (4) dans la
direction du premier axe (e, ,) et dans la direction
du deuxieme axe (ey_w).
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Dispositif (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel la plateforme (4) et
les premiere (L4 1) et deuxieme (L, ¢) tiges forment
un premier sous-chassis articulé (24) déplagable par
les premier (9) et deuxieme (11) actionneurs afin de
faire effectuer un mouvement de translation a la pla-
teforme (O,,)) dans la direction du premier axe (e, ,,)
et dans la direction du deuxieme axe (ey ),

dans lequel le premier sous-chassis articulé (24) for-
me de préférence une tringlerie trilatérale articulée.

Dispositif (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel la plateforme (4) et
la troisieme tige (Lj 4), €t au moins 'une parmi la
premiere (L, 4) et la deuxieme (L, ¢) tige forment un
deuxiéme sous-chassis articulé (25) déplagable par
les troisieme (13), premier (9) et/ou deuxieme (11)
actionneurs afin de faire effectuer un mouvement de
translation a la plateforme (4) dans la direction du
premier axe (e, ,,) et dans la direction du troisieme
axe (e, ),

dans lequel le deuxiéme sous-chassis articulé (25)
forme de préférence une tringlerie quadrilatérale ar-
ticulée.

Dispositif (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel les axes longitudi-
naux des quatrieme (L4) et cinquiéme (L) tiges sont
orientés et espacés, de sorte que, en ajustant la po-
sition des premiéres extrémités des quatriéme (L)
et cinquieme (Ls) tiges le long de la quatriéme (u, 4)
et de la cinquiéme (us 4) trajectoire, il est possible
de faire tourner la plateforme (4) autour du troisiéme
axe (&, )

Dispositif (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel la plateforme (4) et
les quatrieme (L) et cinquiéme (Ls) tiges forment
un troisiéme sous-chassis articulé (26) déplagable
par le quatriéme (15) et le cinquieme (17) actionneur
afin de faire tourner la plateforme (4) autour du troi-
siéme axe (e, ),

dans lequel le troisieme sous-chassis articulé (26)
forme de préférence une tringlerie quadrilatérale ar-
ticulée.

Dispositif (1) selon la revendication 9, dans lequel la
plateforme (4) a une forme de (T) avec une partie
longitudinale (28) formant le centre de plateforme
(O, et une partie transversale (27) s’étendant de
maniére transversale par rapport a I'extension de la
partie longitudinale (28), dans lequel la partie trans-
versale (27) forme deux extrémités opposées espa-
cées du centre de plateforme (O,;,) a la fois dans la
direction du deuxieme axe (eylw) et dans la direction
du troisieme axe (e, ), dans lequel la seconde ex-
trémité de la quatriéme tige (L4) et la seconde ex-
tréemité de la cinquieme tige (Ls) sontraccordées res-
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pectivement en rotation a I'une des extrémités op-
posées de la partie transversale (27).

Dispositif (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel, dans toute la plage
de positionnement de la plateforme (4), les saillies
orthogonales de 'axe longitudinal d’au moins 'une
parmi la premiére (L4 1) et la deuxieme (L, ¢) tige et
au moins I'une parmi la quatrieme (L) et la cinquié-
me (Ls) tige sur le plan défini par le premier axe (ey )
et le troisiéme axe (e, ) sont paralléles et espacées
ou se coupent en un point espacé du centre de pla-
teforme (O,,,), de sorte que, en ajustant la position
des premiéres extrémités d’au moins l'une parmi la
premiere (Lq4) et la deuxieme (L, ) tige et d'au
moins 'une parmi la quatrieme (L,) et la cinquiéme
(Ls) tige le long des trajectoire (Uq 4), (yz.1), (Ug 1)
(us 4) respectives, il est possible de faire tourner la
plateforme (4) autour du deuxiéme axe (ey‘w).
Dispositif (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel au moins I'une parmi
la premiere (L 1) et la deuxiéme (L, ;) tige et au
moins l'une parmi la quatrieme (L,) et la cinquieme
(Ls) tige forment, conjointement avec la plateforme
(4), au moins un quatriéme sous-chassis articulé
(29) déplagable par les actionneurs (9, 11, 15, 17)
respectifs afin de faire tourner la plateforme (4)
autour du deuxieme axe (ey‘w), dans lequel le qua-
trieme sous-chassis (29) forme une liaison quadri-
latérale articulée.

Dispositif (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel :

la premiére tige (L4 4) et la deuxiéme tige (L, 4)
forment, au niveau de leurs extrémités, des
joints a cardan rotatifs qui sont configurés pour
transmettre des couples a la tige, tout en per-
mettant la rotation autour de deux axes qui sont
mutuellement orthogonaux et orthogonaux a un
axe longitudinal de la tige respective.

Dispositif (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel :

le premier bras (8) comprend en outre un pre-
mier bras de levier (30) raccordé de maniere
rotative & la premiére selle (P4),

dans lequel la premiére extrémité de la premiére
tige (L4 1) est raccordée de maniére rotative a
une premiére extrémité du premier bras de levier
(30), et une premiére extrémité d’une premiéere
tige supplémentaire (L, ,) est raccordée de ma-
niére rotative a une seconde extrémité du pre-
mier bras de levier (30),

dans lequel la seconde extrémité de la premiére
tige (L4 1) estraccordée a la plateforme (4) dans
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un premier point de raccordement (32) et une
seconde extrémité de la premiére tige supplé-
mentaire (L4 5) estraccordée & la plateforme (4)
dans un deuxiéme point de raccordement (33),
de sorte que le premier bras (8) et la plateforme
(4) forment une tringlerie quadrilatérale articu-
lée,

le deuxiéme bras (10) comprend en outre un
second bras de levier (31) qui est raccordé de
maniére rotative a la deuxieéme selle (P,),
dans lequel la premiére extrémité de la deuxie-
me tige (L, 1) estraccordée de maniére rotative
a une premiére extrémité du second bras de le-
vier (31), et une premiére extrémité d'une
deuxieme tige supplémentaire (L, ,) est raccor-
dée de maniére rotative a une seconde extré-
mité du second bras de levier (31),

dans lequel la seconde extrémité de la deuxie-
me tige (L, 1) est raccordée a la plateforme (4)
dans un troisi€me point de raccordement (34),
et une seconde extrémité de la deuxieme tige
supplémentaire (L, ,) estraccordée de maniere
rotative a la plateforme (4) dans un quatriéme
point de raccordement (35),

de sorte que le deuxiéme bras (10) et la plate-
forme forment une tringlerie quadrilatérale arti-
culée,

dans lequel le troisieme point de raccordement
(34) est immédiatement adjacent au premier
pointderaccordement(32), et le quatrieme point
de raccordement (35) est immédiatement adja-
cent au deuxiéme point de raccordement (33),
etles premier, deuxieme, troisiéme et quatriéme
points de raccordement sont tous agencés sur
un axe longitudinal de la plateforme (4), permet-
tant une rotation des secondes extrémités des
premiéere, deuxiéme, troisiéme et quatrieme ti-
ges par rapport a la plateforme (4) autour de
I'axe longitudinal de la plateforme (4),

dans lequel le premier bras de levier (30) et le
deuxiéme bras de levier (31) sont couplés mu-
tuellement par un joint a double cardan homo-
cinétique d’une longueur variable (36) et confi-
guré afin de maintenir les axes longitudinaux du
premier bras de levier (30) et du second bras de
levier (31) toujours paralléles.

15. Dispositif (1) selon 'une des revendications précé-

dentes, comprenant un sixieme bras (37) ayant une
sixieme selle (Pg) qui estraccordée de maniére cou-
lissante a la structure de support (2) le long d’'une
sixiéme trajectoire, et pouvant étre positionnée le
long de la sixiéme trajectoire par un sixieme action-
neur, ainsi qu’'une sixieme tige rigide ayant une pre-
miére extrémité raccordée de maniere rotative a la
sixieme selle (Pg) et une seconde extrémite raccor-
dée de maniére rotative a la plateforme (4),

dans lequel, dans toute la plage de positionnement
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de la plateforme (4), les axes longitudinaux des troi-
sieme (L) et sixieme (Lg) tiges sont orientés et es-
pacés, de sorte que, en ajustant la position des pre-
miéres extrémités des troisiéme (L) et sixieme (Lg)
tiges le long des troisiéme (us 4) et sixieme trajectoi-
res, il est possible de faire tourner la plateforme (4)
autour du premier axe (€, ).
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