16 August 2005 A KI NEMATI C DEVI CE FOR SUPPORTI NG AND PROGRAMVABLY MOVI NG A
TERM NAL ELEMENT IN A MACHI NE OR AN | NSTRUMENT The present invention
relates to the technical field of kinematic devices for supporting and
noving a termnal elenment in translation and/or in rotation in
progranmmabl e and high- precision controhl ed manner within a 16rAugsst20oned
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joystick, an antenna, a camera holder, etc. in transfer

machines, in assembly robots, in packaging machines, in
measurement instruments, and in medical instruments etc., or
any device in which high-precision positioning or movement

and/or high dynamics are necessary.

In this field, numerous applications exist that require a
gripper whose angular positioning can be controlled about an
axis that is parallel to the base. This applies, for example,
for machining complex workpieces or for polishing workpieces
of high aesthetic quality.

In particular, for producing small complex workpieces at
high throughputs, it is necessary to have machines that are
capable not only of high machining speeds, but also of very
fast tool changes in order to minimize the chip-to-chip time.

By means of their high dynamics (low moving mass and high
stiffness), parallel kinematics machine tools can satisfy
those two constraints.

However, the main drawbacks of the parallel machine tools

and robots that exist on the market lie in their relatively
small working volume and in very restricted angular mobility.
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A very high performance structure which applies nore specifically to
noving a termnal elenent such as a gripper nenber, for exanple, is

descri bed in European patent EP 0250470 and in US patent 4,976,582. |In that
structure, the three basic degrees of freedomare controlled in parallel
using actuators disposed on a fixed support, while retaini nd6 Augast 2005
paral lelismof the nmpving elenent relative to the fixed support. In view
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which one or more rotations are required.

In addition, International patent applications
WO 28/51443 and WO 99/32256 are known that relate to parallel
kinematic control of tools such as milling cutters in machine
toola designed for manufacturing delicate workpieces, and in
particular turbine blades. Unfortunately, the devices
described in those documents make it possible to achieve only
angular movements of the tool that are quite small (about
+30°) if good rigidity of the structure is to be conserved.

An object of the present invention is to provide a
parallel kinematics device that satisfies the above-indicated
needs better and more comprehensively than known devices, and
that offers, in particular, speed and working precision that
are as high as possible while making it possible to program
movements of the terminal element in a workspace whose volume
is as large as possible, and guéranteeing uniform behavior
within said working volume.

To this end, the present invention provides a kinematic
device for supporting and programmably moving a terminal

element in a machine or an instrument including a fixed base



element in a machine or an instrument including a fixed base - 3 16 August
2005 defining a reference plane, said device conprising a support and
drive structure with at least two rigid | egs connected via respective ends
to menbers guided so that each of themmnoves wth only one degree of
freedomrelative to the base, and via - respective ot her ends6tAugusp2Gist or m
I tself connect ed to said termnal elenent, the connections between the
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possi ble for” said r|g|d control elenent to hi
exerting on the terminal element a resul ant force whose
projection in a plane perpendicular to said axis associated
with the platform remains always at an approximately constant
distance from said axis associated with the platform
throughout the movement, so as to conserve a moment exerted on

the terminal element that is substantially constant.

Said auxiliary structure may include at least one guided
member that is guided so as to move with one degree of freedom
relative to the base, it being possible for the device to
include means for moving the platform along an axis parallel
to the pivot axis of the terminal element, said means being

combined with said auxiliary structure.

Said auxiliary structure may include at least one
intermediate joint, which may be a pivot joint, and at least
one rigid connection element controlling one degree of freedom
of the terminal element resulting from the intermediate joint;
it being possible for said rigid control element to be hinged
between said intermediate joint and a guided member of a leg
of said support and drive structure, the terminal element
being rigidly secured to the plétform; and it being possible

for the intermediate joint to be mounted on a rigid element
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between said internediate joint and a guided nenber of a leg of said
support and drive structure, the termnal elenent being rigidly secured to
the platform and it being possible for the internediate joint to be
nounted on a rigid el enent 8336] WOGS - 08108/03 4 - 16 August 2005 which
Is pivotally nmounted on the platformor pn.the term nal el dsfugust 2005
variant, said rigid control elenment may be hinged between said
internedi ate joint and a_gui ded nmenber of a le of said support and drive
structure?h%ﬁ% %%rﬂ%ﬁﬁFaéggn@ﬁPntﬁéiﬁﬁ Eh?o?&?%§°ﬁﬁhﬁFé&QNFQQMF?ﬁ%&H%#n1

I n anot heglamehant, said rigid control elenment is hinged between the
internmediate joint and the platform the termnal elenent being pivotally
nounted on said platform In one enbodi nent, at |east sonme of the joints
are ball and Bocketaybants, sahd sagidsaoppbrolaadedente msiyr et driengesl
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mutually parallel, and the workspace is'limted to an area contained in a

pl ane perpendicular to said reference plane and to the pivot axes; it
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reference to the acconpanying diagrammtic drawings, in which: Figure 1 is

an overall perspective view of a first enbodi nent of the device;
In one embodiment, at least some of the joints are ball

and socket joints, and said support and drive structure is
organized such as to enable the terminal element to move in
three dimensions, the workspace extending to a volume
determined by the amplitude of the movements of said guided
members . |

In another embodiment, at least three of the working
joints are pivot joints, the pivot axes being mutually
parallel, and the workspace is limited to an area contained in
a plane perpendicular to said reference plane and to the pivot
axeg; it being possible for the machine or the instrument to
include a support suitable for being moved along an axis
parallel to the pivot axes and serving to receive a workpiece

on which the terminal element acts.

Variocus embodiments of the device of the invention are
described below with reference to the accompanying

diagrammatic drawings, in which:

Figure 1 is an overall perspective view of a first
embodiment of the device;

Figure 2 is an overall perspective view of a first

variant of the first embodiment;



Figure 2 is an overall perspective view of a first variant of the first
enbodi nent; - 5 16 August 2005 Figure 3 is an overall perspective view of
a second enbodinent; Figure 4 is an elevation view of a variant of the
second enbodinent; Figure 5 is an ovecrakl _perspective view of a third
enbodi ment; Figure 6 is an elevation view of the third enmboditnfargust B0Gfure 7
is an overall perspective view of a fourth enbodinent; Figure 8 is an
overal | perspeEt9V§evﬁemﬁoﬁnaOVEFﬁéﬂtP@ESHﬂﬂ§ﬂWﬁuW4?%Hﬁﬁxﬁrﬂ#ﬁ0n¢ﬁgure 9
is a persgﬁggayﬁeﬁteM/of use of a variant of the second enbodinent in a
machi ne tool; and Flgure 10 is an overall perspective view of a second
vari ant of the first enbodi nent of the device. In the present description,
the term "wor kKrfgujei At isi an ¢dedraltd esiigRalof a jwimanthadf i shaesessady
for operatl n .of he device to which it is attached, unlike joints that
al | ow F@BHQF M¥5iF1ity, e.g. a bar equipped with two ball and socket
joints at its ends and that can turn about its own axis, which does not

provi de any fupeLi.opaki h re [ R ort and
drive devices??hg?BaFe&éU|g %F% ﬂl Egghse |r¥¥§¥mﬁﬁﬂﬁgtﬁgg an
i nst rumenembedigenshot, or else in sone ot her type of work nachlne, such
as, for exanple, an assenbly machine. In a nachine for transferring

wor kpi eces, the terntnal elenent may. be a claw Qqr suction cup, some
other type of §iPpper6 AsnBEr elpyaticdcMiisy ol etrteht%i AP Ep nt may
be either a spindle carrying a mlling cutter, a mlling wheel, a dril
83367WOGB - 08&08/03 . . .
igure 7 is an overall perspective view of a fourth

embodiment;

Figure 8 is an overall perspective view of a variant of
the fourth embodiment;

Figure 9 is a perspective view of use of a variant of the

second embodiment in a machine tool; and

Figure 10 is an overall perspective view of a second

variant of the first embodiment of the device.

In the present description, the term "working joint" is
used to designate a joint that is necessary for operation of
the device to which it is attached, unlike joints that allow
internal mobility, e.g. a bar equipped with two ball and
socket joints at its ends and that can turn about its own

axis, which does not provide any functionality.

The figures diagrammatically show support and drive
devices that are suitable for being used in a machine tool, an
instrument, or a robot, or else in some other type of work
machine, such as, for example, an assembly machine. In a
machine for transferring workpieces, the terminal element may
be a claw -or a suction cup, or some other type of gripper
member. In a machine tocl, the terminal element may be either

a spindle carrying a milling cutter, a milling wheel, a drill
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16 August 2005 bit, a workpiece-carrier, etc. or else a water jet device, a
| aser cutter device, an electro-erosion device, a de-burring device, a
sand bl aster, a painting device, a polishing device, etc. The machine may
be equi pped mnth grippers and with machining tools on board the termn nal
elenent, e.g. nounted on a revol ver he&d,” or associated wi tIf Augusi?006e or
passi ve tool changer (i.e. a stock of tools and/ or of workpiece carriers).
In the emiedi ﬁem:bm(ﬂﬁse“ddimmlow,ew apEles1 g atnwtoaﬁ Jeadaéstiaedi ag of
the figures, the ernt el enent_is sh by .a potor.
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about an axis associated with the platform.

Each of the devices described has a reference base 1
which, in most cases, remains fixed. The base is generally
embodied by one or more plane surfaces connected to the bed of
the machine, but naturally the base surface(s) may also be
curved. However, it is essential for the consistency of the
description for the surfaces to define a Cartesiaﬁ reference
frame on the basis of which the axis x, y, and z of the
workspace are determined. Below, it is considered that the
axes x and y of the Cartesian reference frame are defined in
the plane of the base of the device, and that the axis y is
parallel to the axis of rotation of the platform.

The devices shown diagrammatically in Figures 1 and 2 are
simplified devices, in which the number of the elements of the
structure is reduced. The workspace that can be traveled by
the terminal element is not as large as, for example, what can
be achieved by the device of Figure 3, with the other
dimensions remaining equal, but the reduction in the weight of
the moving elements obtained by simplifying the structure
opens up possibilities of specific uses for them, e.g. for

applications in which precision is of prime importance.



opens up possibilities of specific uses for them e.g. for applications in
whi ch precision is of prinme inportance. - 7 - 16 August 2005 In the surface
of the plane base 1 of the device shown in Figure 1 a prismatic guide 2 is
provided that is rectilinear, that has one degree of freedomin

transl ation, and that defines an axis-tfat, by convention, 16 Auglsr200$ t o
as the "x- axis". Two notor-driven slides 3 and 4 are nounted on the guide
-2 so that novenent of the slides is controlled in a nmanner enabling them
to be noved independently fromeach other along the x axis. At each of its
ends, i.e. onlm theesunfahe oérmhaspdalmet datsiealll o fparipentkeidtar shown, irach

of the s 3 n r|e { e QA serve
as abut?nie ?éea%dg gﬂ g@(ﬁ);%ct \sglé ?a mgilgfé\}fngﬂép‘l’an}r% %’Célmhggstupport
bars 7, Bhat hbasogn@ndgg@ﬁeet vaef gaieesianf iguppmnsafieoni randr vhatr ryi ng

respect | 4ge PALESaAf akakl aAE SW%dv@ri’ttl%rQ 131%%3%@91:@ Rhathermll to
the two | egs formed by the alrs bars 7 . The two bars of each

. pair 7 ofX8%are TBPeW@F&EIQrﬂaﬁﬁIﬂ%ldeﬁu§[ﬂQﬂf?ﬂ%ﬁqJWQ%ngﬁgwﬁnlﬁh?hls
exanpl e ghiyda nesbaeaatamobkeﬁfékatw@czs&rfeecgﬁw airs bﬁﬁmwéaagﬁ acarries

one of the ball an sock 0|nt 9, 10 | orners. The bal
NG SockBanner pBaB1 SR8  Bhek®'th Be moved sl oF50B SREhi AChRS
rect angubdondl th& xhapdd. valtumacrhn‘ cfhe yd atridy m::L.]e pswwva dedindowhyeh t hat

the two n [ i plac o] traight
e t nateein@ EpaFsRkintay, pedoehliqusit P Bl ) B DR Ehe o) 2aghi3
pl at f or mand ﬂsCﬁIXQQSrtypdbﬁlﬂoam@bSmﬂhPQﬁJQ1anﬂ5mrﬁHWQiehEﬁervacasve or

passive ghePRBhls24nd®i@inds SR RHle DAl iR a.»éeelbe % !ﬁf—'g 8F $P4%q

other rotary tool and whose axis of rotation may 03|t oned
in any WeGPPEFaPRYE Fo Bhe theatrdr Andmefddhe @Fikne $W@PG€I sbags

auxi | i arynstayst gae h@hr otah® il Ve fr asd dualndlegserst 0f ot hegdem of

the pIatiSr inggggt u%lglforﬂlH%r@anﬁhéﬂéﬁgﬂyeég'fggagdsé§ugggrgalrs

conpri se
of bars 7 and 8. The two bars of each pair 7 or 8 are
preferably parallel. The platform 11 is shown in this example
by a rectangular block whose rectangular bottom surface
carries one of the ball and socket joints 9, 10 at each of its
corners. The ball and socket joints 9 or 10 may also be
situated at any place within the rectangular block shaped
volume of the platform 11, provided however that the two ball
and socket joints 9, 10 in each pair are placed on a straight
line that is parallel to the axis of rotation of the platform
11. The platform 11 is fixed rigidly to the body of a
terminal element (active or passive element) 21, e.g. a
spindle carrying a milling cutter or some other rotary tool
and whose axis of rotation may be angularly positioned in any

way relative to the platform.

The device further includes an auxiliary structure which
controls the two residual degrees of freedom of the platform,
and thus of the terminal element 21. This structure comprises
firstly a pivot bar 14 serving to drive the pivoting of the
platform, and secondly a side bar 18 serving to control the

degree of freedom of the platform along the y-axis.

B3367WOGH - 08/08/03



firstly a pivot bar 14 serving to drive the pivoting of the platform and
secondly a side bar 18 serving to control the degree of.freedom of the

pl atformalong the y-axis. B3367 WOGB - (8/0&03 - 8 16 August 2005 The
~pivot bar 14 is hinged at one of its engds via a ball and socket joint 13
to a notor-driven slide 12 organized to nove al ong the priténsugust 20(t5de 2,
outside the area over which the slides 3 and 4 for driving the legs 7 and
8 can travel .Thd tpieotibaedl4t it Bingadr asnanei afaiss Endefd wigti@tP3 ol nt 15
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it possible to achieve performance levels that are
significantly higher in terms of angular strokes and of

rigidity than those achieved by prior devices.

By way of example, in order to keep the torque
guaranteeing the angular positioning of the platform il
constant over an angular movement of 120°, the second
embodiment shown in Figure 3 makes it possible, by means of
the "angular stiffness tracking" property of the device of the
invention, to obtain a variation in the component of the
resultant force acting in the pivot plate 29 and perpendicular
to the axis 30 of only 15% relative to its minimum value, for

reasonable dimensions for the device.

Results of the same order of magnitude can be obtained
with the other embodiments described in the present

application.

Because of the ball and socket joints, and despite the
fact that the ball and socket joint 13 is placed on a corner
of the slide 12 that is itself placed in a position that is
symmetrical about the guide 2, the configuration described
does not control the degree of freedom along the y-axis of the

device. This control is obtained by the side bar 18 which is



application. Because of the ball and socket joints, and despite the fact
that the ball and socket joint 13 is placed on a corner of the slide 12
that is itself placed in a position that is symetrical about the guide 2,
the configuration described does not caentrol the degree of freedom al ong
the y-axis of the device. This control is obtained by the $6d&eagbstr2008
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It can be understood that the slides may be designed a=s
trucks driven by a motor whose drive member meshes with a
fixed rack, or by a ball screw, or by a chain traction system,
or else by a linear motor or some other means. Each of the
ball and socket joints 5, 6, 9, 10, 13, 15, 17, and 19 hinges
a bar to the portion that carries it or to the portion that it
carries about any axis with an amplitude that depends on its
construction. The ball and socket joints may be of the

universal joint type.

It can be understood that the device of Figure 1 may be
constructed in a manner such as to position and to control the
positioning of the terminal element 21 exactly not only at' any
point within a predetermined workspace xyz but also with a
predetermined angular positioning for the axis of the terminal
element about a pivot axis that is parallel to the y-axis. In
the absence of the auxiliary structure 12 to 20, the assembly
comprising the platform 11 and the terminal element 21 is
supported by the legs 7, 8, and, for each position of the
slides 3, 4, there remain two degregs of freedom for it:
movement over a circular arc in the plane yz by deforming the
parallelograms 7, 8 and rotation about an instantaneous axis

of rotation parallel to the y-axis and corresponding to the
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point within a predeterm ned workspace xyz but also wth a predeterm ned
angul ar positioning for the axis of the termnal el enent about a pivot
axis that is parallel to the y-axis. In the absence of the auxiliary
structure 12 to 20, the assenbly conpnrigsi.ng the platform 11 and the
termnal element 21 is supported by the legs 7, 8, and, fot6Augkstgo8%ti on
of the slides 3, 4, there remain two degrees of freedomfor it: novenent
over a clmeetrsgchienhetweepl she Plapgsdépsmechgasmectyatedy dhbdites 7, 8
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Figure 1, € gul des are para gui des, but naturally they may
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thus, for example, the slides 3 and 4 could be replaced with

two levers having pivot axes parallel to y. The slides 12 and

16 may be replaced with levers having pivot axes positicned in

any way. The levers may optionally be motor-driven. The

above remarks also apply to all of the other embodiments and

variants that are described below.

By way of example, Figure 10 shows a second variant of
the first embodiment shown in Figure 1, and in which the
slides 2 and 4 are replaced with levers 3' and 4', the slides

12 and 16 being replaced with levers 12' and 16'.

Figure 2 shows a simplified variant of the auxiliary
structure of the first embodiment. 1In this variant, the
motor-driven slides 12' and 16' of the pivot bar 14' and of
the side bar 18' are mounted on respective prismatic guides 22
and 23' that are rectilinear, that have one degree of freedom,
and that are parallel to the guide 2, i.e. angularly
positioned along the x-axis, but raised so as to be situated
at some distance along the z-axis relative to the plane of the
base 1. These guides 22 and 23’ are situated on either side
of the vertical plane of symmetry xz of the device. In view
of the configuration of the guides 22 and 23', the presence of

the element 20 is not necessary to obtain satisfactory angular
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and the ball soc S ‘a may” be nounted directly on the
pl at f or madengptdeeyali®isat one of the ends of its top surface. It should
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in Figure 1 to the platform 11l secured to the term nal el enent

designated by the same references in the first embodiment,

i.e. supporting two pairs of support bars 7 and 8 by means of

ball and socket joints 5 and 6, each pair of support bars

carrying two ball and socket joints 2 or 10 connected as in

Figure 1 to the platform 11 secured to the terminal element

21. The configuraticn of the "legs" for supporting the

platform is the same as in the first embodiment, while the

auxiliary structure that controls the two residual degrees of

freedom of the terminal element 21 differs from the auxiliary

gstructure in the first embodiment.

As in Figure 1, the auxiliary structure includes a pivot
bar 14 and a side bar 18 mounted on slides 12 and 16 that move
respectively along the prismatic guide 2 and along a prismatic
guidé 23 in a manner identical to the manner described with
reference to Figure 1. In contrast, for controlling the
pivoting of the platform, the device of Figure 3 has three
rigid members: namely a pivot plate 29, the drive bar 14, and
a control bar 27. The pivot plate 29 is hinged to the
platform 11 via a pin of axis 30 parallel to the y-axis. It
is shown in the form of a trapezium-shaped element, and its
leading edge carries the two ball and socket joints 15 and 19
for hinging the bars 14 and 18, and a third ball and socket
joint 28 which is hinged to the control bar 27. The other end
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21. The configuration of the "legs" for supporting the platformis the
sane as in the first enbodinent, while the auxiliary structure that
controls the two residual degrees of freedomof the term nal elenent 21
differs fromthe auxiliary structure_ip,the first enbodiment. As in Figure
1, the auxiliary structure includes a pivot bar 14 and a sil@éugast 2085
mounted on slides 12 and 16 that nove respectively along the prismatic
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portion Z6 tofatiele ogf itde AxiFhed3@ocati on of the ball and socket joint 26 on
the slide 3 is not decisive. The ball and socket joint 26 nay al so be

further forwards or further backwards, and higher or lower. Simlarly, thé
centers of thdhepgideampsddadogaitits pEregrprIbl o bosbei sreneahivdher e

Wi thin the Wl wic figagd Vaiup! @dene®, i Ouhay By AYsheBBEdbRo akfuated on
the axis 3Q. Th% si de b%% %? qfes not necessar|I¥ have to be copnéected to
the pivot° LR Ahdrng (P belThHect 3 tRranovemRRF aleranthsr
the driver-adew des obxaiedd novenent along the y-axis is obtained. The
termnal element is fixed if the slides 3, 4, 12, and
The terminal element is fixed if the slides 3, 4, 12, and

16 are themselves fixed on their respective prismatic guides,

and any movement either in rotation about an axis parallel to

30 or in translation in the workspace may be controlled by

acting on the motors that drive said slides.

Figure 4 shows a variant without lateral movement of the
second embodiment of the device of the invention. It is
possible to see the same support structure, with two legs
mounted on two slides, and the same auxiliary pivot structure
with an intermediate joint, as in the preceding embodiments.
Because of the absence of the slide 16 and of the gide bar 18,
movements along the y-axis are obtained in this example by a
relative movement between the device and the means for holding
the object on which the terminal element acts. The term

"right-handed and left-handed" device may also be used.

In this example, the base 1 carries a single prismatic
guide 2 on which all three slides 3, 4, and 12 are mounted.
To avoid any uncontrolled lateral movement of the platform,
the two bars of one of the pairs of support bars 7 or 8 must
be connected together rigidly, whicﬁ is the same as replacing,
in at least one of the legs, the pair of bars with a single

element for which, at least on one of the legs, the ball and



16 are thenselves fixed on their respective prismatic guides, and any
novenment either in rotation about an axis parallel to 30 or in translation
in the workspace may be controlled by acting on the notors that drive said
slides. Figure 4 shows a variant wthouj,lateral novenment of the second
enbodi nent of the device of the inventioh. It is possible 1HAsgest2885 sane
support structure, with two legs nounted on two slides, and the sane
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the pivot pl ate on the leading e of which are nounte

i nt er mediCREEGiGeNt s TS SRelRPRbREES fde ot 120284 28%e control bar
27 and to the pivot drive bar 14, which itself bears on the joint 13 of
the slide 12_.The Ints and i ned so that their angr

' 9 0 o]
coi nci de. TheFéLgFf‘EeJaglplsi Y% 1 ﬂ%,a%tlsl%‘.%‘o stent of the angu

movement that the auxiliary structure can impart to the
platform 11 merely by moving the slide 12 between the two end
positions 12a and 12b. The corresponding positions of the
control bar 27 are referenced727a and 27b.

The third embodiment, shown in Figure S, differs from the
embodiment shown in Figure 3 firstly by the configuration of
the pivot plate 29' which, when the slide 12 is moved in the
same direction, causes an oppogite movement of the platform
compared with the movement of the platform of the device of
Figure 3. In some cases, this configuration makes it possible

to obtain particularly advantageous operating conditions.

.In this example too, the terminal element 21 is secured
rigidly to the platform 11, and all of the joints are of the
ball and socket joint type, except for the (simple) joint 30
via which the pivot plate 29' is hinged to the platform, which
joint is angularly positioned along the y-axis.

In this example too, the base plate 1 carries the two
parallel prismatic guides 2 and 23. The two slides 3 and 4
which act in exactly the same way as the slides 3 and 4 in
Figure 3 are mounted on the prismatic guide 2. Via ball and

socket joints 5, 6, they carry pairs of support bars 7, 8
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Figure 4 shows in dashed lines the extent of the angular novenent that the
auxiliary structure can inpart to the platform 1l nerely by noving the
slide 12 between the two end positions 12a and 12b. The correspondi ng
positions of the control bar 27 are referenced 27a and 27b. The third
enbodi nent, shown in Figure 5, differs f4omthe enbodi nent 16Re@nsti3VOBi gur e
3 firstly by the configuration of the pivot pl ate 29, which, when the

slide 12 is noved in _the ne directi auses an_ o posi t
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the slide 12 is nounted on the
A variant without lateral movement of the device of
Figure 5 is shown in Figure 6. This device can in fact be
considered to be the reverse of the device shown in Figure 4,
in that the only difference relative to the device having
three degrees of freedom shown in Figure 4 lies in the
position of the joint 30 on the platform compared with the
pivot joints 9 and 10.

It should be noted that in all of the examples shown in
Figures 3 to 6, the ball and socket joint 15 could also be
fixed to the bar 27, provided that it does not coincide with
the ball and socket joint 26, or to the bar 18, provided that
it does not coincide with the ball and socket joint 17, or the
ball and socket joint 28 could be fixed to the bar 14,
provided that it does not coincide with the ball and socket
joint 13, or to the bar 27, provided that it does not coincide
with the ball and socket joint 26.

Similarly, the ball and socket joint 19 may be fixed to
the bar 14, provided that it does not coincide with the ball
and socket joint 13, or to the bar 27, provided that it does

not coincide with the ball and socket joint 2s6.



guide 2 so as to nove between the slides 3 and 4, the «configuration of the
pi vot plate 29' and of the pivot bar 14, of the side bar 18 and of the
control bar 27 being chosen so that the pivot plate can pivot between the
support bars 7. A variant without |ateral _.novenent of the device of Figure
5 is shown in Figure 6. This device can in fact be consi det@Augusti280% he
reverse of the device shown in Figure 4, in that the only difference

relative to thinallycethavbayl andeeodbgtedointsf PeB@ymbshdiicadt 59 flee 4
lies in 0Si 1 j ¢ t b8 i Rl-alkoRNLeO AR h M tahd he

pi vot jo*%f% g,;%%égg§8§tEgﬁguggegeégoggg ?%1? in all of the exanples shown
in  Fi gupeskstt $oBRtBHE . bar| thidbaddkend sorkets IR A%8BEe P]ixed to
the bar 23unpE@vbfegnthshrit 70opsonatiedoithelyd@onindt ddimdiald airtch suioket
joint 26, or to_the bar 18, gro ided that 1t does not coincide with the
bal | andP@btkadtdj 8PRESE7IO3P e bal | and socket joint 28 could be fixed
to the bar 14, provided that it does not coincide with the ball and socket

joint 13, or to the bar 2 oyi.de t it : |gd d ith the
bal | and sock¥eTBFfit 136?‘z§i BE kb y,g'x%‘ﬂ‘glt?asl Pg%%%ls%a(eét%%’nﬁ}i%m may be
fixed totethinbireldmeptovisdegcurad nigdedy et tde miatfdfen FTHURF 17 and
socket jQjRt,1 r 2 I 3489, thidod itmddfeof NGhe CAERLEEE W th
t he baIIggﬁdssggﬁgttﬁgi%?%Ega%?_%g %ig¥kugust 200§'Finall t%e bal | and
socket jofntbeginugnbaoni xd@ wiicke theaterminglo AlenenthA1 t12yb not

coi nci deyyht 14 hechatradndd toCkRivd Qitls the @ldtTohmldesighsoekeby | oi nts
10 may be “nounted on the

pal | And>8ockEne] B REECET oy ST RNED Ao S LSTR BE JBERE FBED LBove.
the terghneheskelwdt eixanpaew,ed Htgiudturte dhel@ atympe dedegibed i and 8
show tV\DPg)éggElseE:Pogzgohollbr tarrllderg})s‘o%i,%, 5‘52 ,t rﬁ.e. ed.eval G ructure in which
the three basic degrees of freedom of the platform are
effected in parallel on the basis of three motor-driven slides
40, 41, and 42 moving along respective ones of three parallel
prismatic guides 43, 44, and 45, and each actuating a
respective leg 46, 47, and 48 supporting the platform 50 so as
to keep the parallelism of the platform relative to the base
1. Each of the three legs of the structure described is
formed by a pair of support bars 46, 47, 48 hinged via ball
and socket joints to the slides that carry them and on one
side of the platform. The structure thus has three deformable
parallelograms which hold the platform parallel to the base
and make it possible to drive the movements in translation of
the platform throughout the workspace provided. In this
example, the terminal element 21 is hinged to the platform in
a manner such as to pivot about an axis 51 associated with the

platform.

The auxiliary structure that makes it possible to cause
the terminal element 21 to pivot in controlled manner about
the axis 51 comprises a pivot plate 29" pivotally mounted at
one of its ends on the terminal element 21 to pivot about an
axis 30', and.co-operating with a pivot bar 14" and with a
control bar 27". The pivot bar 14" is hinged at one of its

ends to a motor-driven slide 12" that can move along a
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of the invention, in which the terminal element 21 is not rigidly
constrained to nove with the platform designated by 50. The structure for
supporting and noving the platformis, in these two exanples, a structure
of the type described in Patents EP 0250470 and US 4,976,582, i.e. a
structure in which the three basic degrees of freedom of tNé Augastfaf0m are
effected in parallel on the basis of three notor-driven slides 40, 41, and
42 noving al ong respective ones of threelgarallel prismatic guides 43, 44,
and 45, and each actuating a respective |leg 46, 47, and 48 supporting t he

| at f 5 h | f | th
base 1. Eacip%‘fﬁéﬁirﬁa%tdi?%24 o820 2! LELAGH A1 J1° ool al! gha £8) Bl R L
pair of suppttt®#i's 4§he47°n ?ﬁl’l’@’édﬂ/l amoé!’"lngeén&tseﬁﬁef’fj bFﬁt%ndeSb the

sl i des that2€arty thsemlddd o0 and isihlongdd tate ipsabtbhem edlletstelet ure t hus
has three dﬁiﬁé@@' € atPar ahh@éogﬁ@ﬂsda% Gt @A nki8ePhAEAOLAL PREAL IR, tO

t he base afd po?ﬁlble toﬁgéi ‘§Gfagn egents In translation of

t he platforn1fhrodaﬁgﬁf 8 iR §° PR PRABtedyanpthe the

term nal elR¥affiorm 50s ahi agplace that picmé @i cpinaldamaithstid a6id 0 pi vot
about an axgs. 51 associated with the platform The auxiliary structure
that nakes it possible to cause the termnal elenent 21 to pivot in

. control |l ed manner about the axis 51 conprises a pivot plate 29" pivotally
mounted at oneTHe Fve E@Rﬁﬂnﬁﬁtdhpwmeﬁmlﬁabueéenenanalatduﬁmégnlﬁﬂmhat an

axis 30', atkirOcOREL aelamé ho die/ PivoRr . trol bar
27" . The mﬁ?¥ﬂ£§& 14$ﬁt§ n qugs %2v%% F%é 2%gsw%£@bgﬂ%§d$5drlven '
slide 12" that can nbve aro ?fhﬁ WERE 2d3FBaY 03re eprrmitte 206% - 16

prismatic ddt §14§eaha‘|ssrmqgﬁ§i#n thes sameedieadtiont he pivot plate 29".
The control bar 27" is hinged at one of its ends . 26" to the slide 40 and

i's hlnged at it gg0l el ENS el %d%odimenta described, the slides 40, 41,
and 42 could be replaced by pivotally mounted levers, it being
necespary for the pivot axes of the levers in this example to
be parallel to the respectlve axes passing through the centers
of the ball and socket joints mounted at the bases of the legs
46, 47, and 48. The slide 12" may be replaced with a lever
mounted to prOt about an axis positioned in any way.

it should be noted that in the examples shown in Figures
7 and 8, the ball and socket joint 15" could aleo be fixed to
the bar 27", provided that it does not coincide with the ball
and socket Joint 26", or the ball and socket joint 28" could
be fixed to the bar 14v, prov1ded that it does not coincide
with the ball and socket joint 13v, ' o

Figure 9 remains to be dascribed. ‘Figure 9 shows an .
example of use of the device of the invention in g machine
tool. The embediment chosen to show this use is aimilar to
the embodiment shown in Figure 3, except that the slides €0
and 61, correspondlng to the slides 12 and 16 of the device in
Figure 2, are guided ©on separate prismatic guides that are
parallel toc the x- axis. The slides 48 and 49 correspond to
the glides 3 and 4 of the dev1ce of the Figure 3.




plate 29 , at a place that does not coincide with the axis 30,. 1In a

variant, the joint 26" could also be nounted on the platform50 at a pl ace

t hat does not coincide with. the axis 51. The two variants shown in

Figures 7 and 8 differ. in that their configurations of the pivot plate

29" cause pivot novenents of the termmnal- el enent 21 that dbAugppitl0se

when the slide 12" is noved in the sane direction. As in the other

.enbodi ments described, the slides 40; 41, and _42 could be replaced by

pi votal |y mouliedP?ESelsisSi @ BérkE thetedsarpaldmache Sidrotdaxds® Abe¥R

| evers inhé hwerkxabbéeataowhliehpa.rsalﬂx@vluéd Rél it s anitmealsie s9 P asto 8¢

t hr ough 5}29 c:cizntg{ra% Q th$ bal | soc ].0i ntsb unt ed, at, t he._bases of

the | egs® 48, *377°kkd ié R& ?I’ﬁa(%’ B:é'l%tpa} Sd i 157 1opedel©

nmount ed rgcgwetaaboukpaacaxm pdsichi doined tlcro]arqu vehe Hearmimal debement ed

that in S I R Flgur j oi nt

15" coul gﬁl gg@fbmigl §§f B}(ﬂ’%d 'lteﬁe t%%r %}?ﬁf pr ovi &tﬁ?tgﬁélf?lﬁng%%gfég

COI nci deMaFRANiRg pEFratipassoclét 1jSO|ar115°2@°535-rb1t¢1é3Cbeﬂqn%¥@eEOCket j oi nt
coul dqub?pih@feﬂhéotbﬂﬁuh@ﬂ Meme&rto‘é'ﬂ‘%ﬁttmﬁ WdrigpRsedata £R{ Hri de

W|th thetﬁ and socke &m nt 13". Figure 9 renai ns to be descri bed.
Fi gure 9BRbuisSanPtigRa driveta 60 FERIARIY dthe HAIHARMEE WLER a
machi ne oheobr ﬁbeeembadrﬁﬁlﬁhvélmownpfa@sﬁ.h@Nﬁdﬁﬂ% Ussr iz c&bmiﬁﬁti@n éhe

enbodi ne h [ xcep! t hat t es .60 .and 61,
correspoﬁéllﬁ\ge h%EsE §$ v aﬁ)& é’rB‘rl”tgng?ﬁe\W jnn $|@Gr’8°§fn%r%he

gui ded oworkeppecatpapti Ehet koodwi.des that are parallel to the x-axis.. The
slides 48 and 49 correspond to the slides 3 and 4 of the device of the
Figure 3. - 17 16 August 2005 The base 1 is a plate that is inclined, e.g.
at 450 above IRHgeR@¥&labit 89 RrAPERbLe prowidded wedensd tamttah|eado whose

axis is ¥ergi&abarf 0&.gxamml e18The 7t Ukhealleddrdl IS BEhd barallel to
the single bar and working identically to it. This makes it
pessible to improve the stability of the device and to
increase its rigidity. The negative effects of the resulting
hyper-guiding can be removed to a large extent by known
solutions, such as implementing high precision or inserting a
balancing lever,
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recei ve a workpi ece on which the tool of the termnal element 92 which is
secured to the platform 91 can performvarious machining operations. It is

al so possible to consider equipping the termnal element 92 with a
wor kpi ece carrier that is optionally driven, and replacing the turntable

with one or nore notor-driven or pass+¥g tools, or a conbi i Qn bot h
types of tool, and perform ng the machi ning by noving the ﬁﬂ?ﬁﬁ%ﬁg@oﬁast

the'tools. In general, it is possible add a second bar to each single
bar, e.g. 14, 18, 27, the second bar MBarallel to the single bar and

working identically to it. This makes it possible to inprove the stability
of the device and t0,.Lncrease 4 ri gldi . A t he
resul ting hype?fghigﬁﬁgﬁggﬁgbgepgﬁgvgggp%%gpﬁgﬁlggg%bgn?rgggﬁﬁ%%ﬁwy

sol uti onsmoyda &s tieapliomdneilegentg 237 e dnsirofmaghings et Rig 188 tFAMERE ng .
|ever-tSBQQEwgaiﬁgWEN&ixﬁﬁ Béséugustd%?Qaipgl?i&Ffbre?cb;%ga@chSagpre for
supporting and programa novi ng, a_term nal el enmen n chine or
an instru%@ﬁ?ceiﬁeﬂﬁaFﬁéngyFifggp g§e %)g%&??n?ﬁ§u§tP§%eVéﬁ§eaglg%@Ftsaid
devi ce compoi siggdalegppd?, 8nd4dri 4&,stBlctonpewtel 3tial respectiseri gi d

legs (7, 8.446:,4 cqrnegtedsvi gqre CLd epds rs &( :
40, 41, 4 ?déuFaeéeggg%ﬁagaéagﬁ g?'t%éﬁ]aﬁ%végxafghggnF§gggg g ?ge%gfﬁ
freedom r BPYEPVEiER PReYhaBE degrgeyph frepdewm velathue ERdsheoPasglratform

(11; 50) hhaelia sespeetedet otEerdeh@sntoak phavesim (he;coopestizens.
‘between the Iegs agd thedphatforn%gn betgeeghthe Iegs and tgg ugded
“menbers bEPHBCFLFRtSC ERddt HETMHURMeRt ©BF kai HPGUFABRCHERBRP s RFAg it
possi bl e thenbegssand pheat pdabfarmvand betWeenather beles eand nebdewgnukdpdce,
sai d devi L8 96 eLEhE£€0ah8 i Y OmhHe5e ! 92 £8 abdembmbaLaal
el enent ( to g?vggéag%out énaaxis %g%%nng to tﬁ% pﬁgéfprnlel;'50),
t he suppofeking it possible to move said platform at will within a
predetermined workspace, said device being characterized in
that in order to enable the terminal element (21) to pivot
about an axis belonging to the platform (11; 50), the support
and drive structure includes an auxiliary structure organized
to transmit to the terminal element a resultant force that

determines a rotation of the terminal element about said axis
in response to one or more coordinated movements of one or
more auxiliary guided members (12, 16), each of which moves
with one degree of freedom :elative to the basé, and said
auxiliary structure comprises at least 6ne articulated system
which is made.up of a rigid drive element (14) connected at
one of its ends via a joint (13) to an auxiliary member (12)
guided so as to move with one degree of freedom relative to
the base, and of a portion (20, 15; 11, 15; 29, 30, 26, 27,
28, 15) of said auxiliary structure transmitting said
resultant force to the terminal element, the geometrical-
configuration of the transmission poftion being such that the
property of "angular stiffness tracking (as defined in the
description) is fulfilledxthroughout the workspace.

2. A device according to claim 1, characterized in that
said portion of the auxiliary structure that transmits the
pivot force to the terminal element comprises a pivot plate
(29) hinged to the terminal element {21} about an axis (30)



and drive structure includes an auxiliary structure organized to transmt
to the termnal elenent a resultant force that determ nes a rotation of
the term nal el enment about said axis in response to one or nore
_coordinated novenents of one or nore auxiliary guided nenbers (12, 16),
each of which noves with one degree of freedomrelative to th Qgﬁ&ogﬁ
said auxiliary structure conprises at_H ast one articul at ed® 5399 i ch
is made up of a rigid drive el enent (14) connected at one of its ends via
ajoint (13) to an auxiliary nmenber (12) guided so as to nove with one
degr ee of garadded rtel abimb abris tasmdedstedand tdf theppliatdoriR0 amdb;a 11, . 15;
Cosul ant LopsEly Bar, (P hitfidh YXoddoE Sl Sl od HHRTPvAY Pilcs
resul t ant Oor Cé t he 1 eormetrical cConfiguration of
the transiwissiaon ipsermedipgiengodach (@fat aﬂﬁ’eatprlc?ﬁeﬂt%e&? eng, §q %'
stiffnessgifigeld pegmbay d8hi #ed ish tl(i‘@!s@hlepbﬂfthd efgs f(l'ﬂ)l et tdi'feoughout
t he workspace. 2. A devi.ce cor% clalm é%ﬁya%?%&ei. q)

sai d port?HﬁPBFttﬁB FVFaF§ b Ur hFh&PgFransn1ts |vgt fOTCE to
the term aatiahesantheoppvoseplatpi (@0)pwhtide t2e) contgyed b@rt H&Mer mi nal

el ement (gbhe2RoY! AR BXkSctiBh orllnelocMidushi2dgzaRaral el to said axis

associ ate control bar (27) hinged at one of its
ends to the pivot plate via an |nterned|ate joint (28) and at its other
end to a. guidegl, rmrr&e{uéa) a&abrauﬁQOtbl alagme20f chheategeigé)l dh that

t d t | 1
The ol vor ChpabertsBal uit PRSpRABanE s PRk EfsH) ST, krboibnbRy  chsl B30,
t he resulsaﬁﬁrédrtegeeheﬁ,dandcehacanmdl agsooistednwithchheapletifosm ig
that = theg é@%ﬁ%?ﬁéde%ﬁnﬁﬂé faéakbsnglakfeﬁg135§ntgovmsnbﬁ&éhtEab aegs

secured togé axi s associ ated w platformi.s eter ned
by the | oateibimged tpctheipLatipamwhi éRighe3) e§39-ate Rifged«t 51Fhe®
platform (Fig. 3, Flg 4, Fig. 5, Fig.

4. A device according to c¢laim 2, characterized in that
the terminal element and the platform are two distinct members
associated with each other via a joint (51), the platform (50)
being mounted on the base so that said guided members
constrain it to move in translation only, and said axis
.associated with the platform being the axis (51)-of the joint
via which the terminal element (21) is hinged to the platform
(s0). (Fig. 7 and Fig. 8}.

5. A device according to claim 1, characterized in that
the terminal element and the platform form a single composite
member in two portions that are secured to each other, the
axis associated with the platform being determined by the
locations of the joints via which the legs are hinged to the
platform, and in that said transmission portion of the - '

" auxiliary structure includes an element (20) which prOjeCtS
laterally relative to said composite member and on which a
joint (15) is placed between the rigid drive element and the .
.terminal element, the joint determining the_point of
application of said resultant force applied by the rigid drive
element to said transmission portion and the geometrical shape-
of said transmission portion determining the conditions under

which the forces aré'applied (Fig. 1).



4. A device according to claim2, characterized in that the term nal

el enment and the platformare two distinct nmenbers associated with each

other via . a joint (51), the platform (50) being nmounted on the basé so
that said guided nmenbers constrain it to nove in translation only, and said
axis .associated with the platformbeing the axis (51) of the joint via
which the terminal elenent (21) is hinged to the platform 05MgustgiQp 7
and-Fig. 8). 5. A device according to claim1, characterized in that the
term nal el enent and the pl atformformed si ngl e conposite nenber in two
portions that are secured to each other, the axis associated with the

pl at f orm bei ng gletser, ,;5%17 | t @i BhS cheat Wl Ral he
| egs are hing edéjt (;?tdr?e ;Bt/cc%)érquniulagﬁgﬁlt r?q?rcligfflsa{igl trénsmtss ;r QQFZI on of
S

the auxi F’F%‘F‘?ﬂ%t?’&ﬂ:t‘iﬁ% erﬂ:trm P FERELE2 PRSI p G t&Pal |y
rel ative twosporkimmpatdte amsrbsyciaead mmg\dttihreh,asarldr deevids) bedngl aced

bet ween t I t r n j oi nt

determ ni %g {‘%%%(‘)%%d/%fr? app] |scagltr&|jon g’f’"@%ﬁ ?0 g% %gr %ielsa | i ed by
the rigi dedkildare ahimturs df eanstismtes B‘ﬁrﬁérYt Pé’naaﬂelf‘ﬁe ggn‘et rical

shape ofbéar@lert rtﬁ{@rﬂlmdaraﬂ%t inmbdet qna)nand the cemhmamnawmerat whi ch
the for cei1 I(#‘nei;:lr}%é_‘Fr erl}ﬁ ?}éﬂca%fﬁﬂg%%t . gog?ﬁggonG?gﬁl ghggna&gor di ng

to claim enent and orma sin
COMpoSi tesaneclrbeersn{lna)nu foncmo appdtiednbyt bhe srr-gléeém@ﬂ ebgeenkrtosand

devi ce bef Afhanfiltaidh] Yodrt8dn,N dnlinSahdt! Eaesahaswnm@ﬁétgaﬂdea the
auxrlrary structure |s cons |tuted rrerel¥ bé {no ;i %1 5% tlietvveen t he
Figid dritRRRNH&E ard iaey; EEAPREFCE| BREnPOULEE EBF PRFR LT he
| ocat i on -ad ﬁchestmrnu:tmf rigiild dativenedémenti d14kbsalongtafbine spphithty
the rigidriy g;%a%'lg,gie%ff fcgaesgroqntt beng L$$L201 BAT bhOFhe 2@rhinibat the one
or nore gui de e auxi structure are nounted on the base
SO element constrains the resultant force to have a direction |
perpendicular to the line connecting said location oflthe joint-

to the axis associated with the platform. (Fig.-2).

7. A device according to claim 1, characterized iﬁ that
said support and drive structure comprises means (17, 18, 19)
actuated by at least one auxiliary guided member (16) mounted
to move with one degree of freedom relative to the base so as
to move the platform in a direction parallel to said pivot
axis associated with the platform, said.means being- combined
with said auxiliary structure. (Figs. 1, 2,_3,‘and.5).

8. A device according to claim 1, characterized in that
at least some of the joints are ball and socket joints, and in
that said support and drive structure is organized such as to
enable the terminal element to move in three dimensions, the
workspace extending to a volume determined by the amplitude of
the movements of said guided members.

9. A device according to claim 1, characterized in that
at least three of the working joints are pivot joints, the
pivot axes being mutually parallel, and the workspacé is
limited to an area contained in a plane perpendicular to said
reference plane and to the pivot axes. '



as to steer the rigid drive elenment (14) along a line such that the

| ocati on of the point of application on the term nal - el enent constrains

- thé resultant force to have a direction perpendicular to the line
connecting said | ocation of the joint to the axis associated with the
platform (Fig. 2). 7. A device according to claim1, charact#r Aegust 2005 hat
sai d support and drive structure conprises neans (17, 18, 19) actuated by
at l'east one auxiliary guided nmenber (16)2impunted to nove with one degree
of freedomrelative to the base so as to nove the platformin a direction
paral l el to saidspivat 4 %ICS assom ted W|th t,he pl atform sai d neans bei ng

combined with said ausd irary "S5 e to Elgdm £, rharagkeriged dn ghat

devi ce accét@i Mgchdng sixmthe Ghmta:urmtzelchclllmdteh;afa s&ip porasleusesdiel fhe

joints arepeahly ﬁl&‘ieaoﬁ‘i%hgi QU ”%%clsa%glg e%h%t S‘%%Ort and g“ ve
the ter nove in

structure is organ#zed sugh as to
three di nef§FEHEY ﬂereﬁ&ﬂW@pQCHOE%PéﬁGﬁngntUhachothﬂetdemenaﬂnedehynthe

anpl i tude eftsthe novenents of said guided nenbers. 9. A device according
to claim1, characterized in that at |east -three of the working joints
are, pivot joints; the pivot axes being nutually parallel, and the

wor kspace is 1ikdted devine apeacrdingi tedany pretéﬂen@eépgﬂﬂ;cular to said.

reference @h@ﬂ@b@@@hiéﬁthﬁ PhiPty Sth% $y@¥%tog gﬁ h%O%KSPﬂ%e devi ce

accordlng t.0. aF characterlze 2t r unent
‘includes a '%h‘g'b s'iﬁ’f%ﬁl%lf%%em%t R Srovese s operina maa@eq:)errairhedt ttthé he
pi vot axesd:amhmn,sng:h@ Iocet YenS, V&}{&Rﬂi‘éec&@f Wb £y Sf gl el ement

acts. . dyﬁ/ ng rec cIa|n1 aracterlzed in
that with thpg’vo urre g@;ﬁ% wor‘&c& %"’lp’%F (fﬁﬁec’%mtrl'fédtlé\f RoRRUtd iRmtashas
access be| oy reaiiel , valiane di nensi ons, the locations, and the |,
conflguratlons of t he
12. A device according to any preceding claim,
characterized in that at least one of the guided members is
guided in translation.

13. A device according to any pPreceding claim,
characterized in that at least one of the guided members is-
guided in rotation.

14. A device accordlng to any preceding claim,
characterized in that at least one of the guided members is a
motor-driven member.

15. A device accordiﬁg to claim 1, characterized in that
said joints are pivot, ball and socket, or universal joints.

- 16. Device according to any preceding claims,
characterized in that the geometrical configuration of the
transmission portion is organized so that, 1n said workspace,
said resultant force is applied by said rigid drive element
(14) to said transmission portion at a point of application
(15), and a projection of éeid resultant force in a plane
perpendicular to said axis associated with the platform has,
at said point of application, a direction which is at least
approximately perpendicular to the line connecting, in said



support and drive structure.are determ ned by conputation as a function of
said volunme. 12. A device according to any preceding claim characteri zed
in that at | east one of the guided nmenbers is guided in translation. 13. A
devi ce according to any preceding claim. characterized in hp h 2@8§St
one of the guided nmenbers is guided in rotation. 14. A deV|ce ae rng to
any preceding claim characterized in that at |east one of the guided
menbers is a notor-driven nmenber. 15._Apdevice according to claim1,
characterized-in that said joints are pivot, ball and socket, or universa
joints. 16. Device according to any preceding clainms, characterized in
that the geolectics, ceild gwist iaewoct atied wnrtdan@nesml@rtfpmft iten siad d
organlzedéﬁgnkh%g apH190a% Wy kspace, said resultant force is applied by.
said rigi rive element (14) to said transm ssion portion at a point of
application (15), and a projection of said resultant force in a plane
perpendi cul ar to said axis associated with the platformhas, at said point
of application, a direction which is at |east approxinmately perpendicul ar
to the line connecting, in said 16 August 2005 22 projection, said axis
associated with the platformto said point of application.



