; e3eL4LD. 6T4"e A KI NEMATI C DEVI CE FOR SUPPORTI NG AND PROGRAMVABLY MOVI NG A
TERM NAL ELEMENT IN A MACH NE OR AN | NSTRUMENT The present invention
relates to the technical field of kinematic devices for mﬂmmmm Iwummf
‘moving a termnal element in translati-om and/or in rota ammabl e
and hi ghprecision controlled manner within a predetern ned weigspace. The
t erm nal I

i ncor por ated int armmnam rH:Ir:l@dEwrltHﬂ Afmcmmrrﬂ)m AMrINS'gRUJIpEMI‘ tooI an
assenbly tool, a neasurenent sensor, a user interface for a force- return
joystick, an antenna, a canera hol der, etc. in transfer nmachines, in
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I oal and |
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control | gf-abitorddhitiolhad dénkarF abielid & theedas@rmiies @pPkéSsce f OF
exanpl e, for machining conpl ex workpi eces or for polishing workpieces of
hi gh aesthetic quality. In particular, for producing small conplex

wor kpi eces at ﬂHegttetﬂMiGL@hrliﬂIeSneﬂtt ritas_y rtm:@ssmqh:troirtga\nﬁodsmc('émﬁsdlétat are
capabl e ot only f hi ning s eed ut al o r

changes i P order” oerrri:%? é:ﬂ?%er%h Pofogr(i:htpo rrérssé)cB{/ & X Wg)?k?h‘g&? hi gh
dynam cs qdmomiemwilren ress caﬂ:wlmgirssimwlrt@@s«‘:)te@ailawa rka@emaimgs machi ne
tools ca %% fy Q const Floveyer h g%rn}g fack of t he
par al | el t éllf]e ’?%%re??arﬁ rbb(g]tssé?%a%ﬁ%?(l st %ﬁ t%ﬂ s 1?|§$§n t

rel ati velyeastememy kienpo®l Lrreusel 1nteekace eEo¥ it Baraagtearriobi | i ty
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applies nore specifjcall noving a term el ement such as, a gri pper
menber, RS eln|%S%QEHYb’é‘ab‘g'nsEu’r%p%aa%‘?ﬁt’é%tmacmnes' 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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EP 0250470 and in US patent 4,976,582. In that structure, the three basic
degrees of freedomare controlled in parallel using actuators di sposed on a
fixed support, while retaining the parallelismof the noving el ement
felative to the fixed support. In view @f _its high dynam cs and of its
mobility in translation in three di nensions, such a structure is
particularly well suited to transferring |ightweight workpieces at high
transfer rated (G RigePanipiEnance FrrWHdiR) Wit 2RP 591 TeXL of t hat
structur espdesfidnEly ©F hdeimnodl terfbsal | Orementoyesknas &f gthsp&ri pper
bei ng | ocke q¥ the kine iC coq%igura$i$n. fortunatelg uch a device
does not St PUssTH P per 12 T9°ShRYS ylrét)%ﬁ%%??%nga %n i ch one or
nore rot aBP o0E5 @20 raagli iredUS | e taeklt t4 09176 ) B8 2r nalm ovlaht pateattapp| i théi ons
WO 98/ 51 9 h r ar al { pematic
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e above-indjcat ed nee etter ;and nmore conprehensively, n known
ovi cos. BAEE1REISEHT erett raubEre o EPata b RRRl SATT St e b hEaci o on ¢ ha
are as hiwbrlasieossi bt ehivih | eramifeayg rétpossobdée three ogransfevenpars of

the term e I n_a. e Y s _as.lar possible,
and guard%%%gﬁ%g'uﬂi?%r%1 é%?g€§wf h?ﬁggagéygg?%?%gf%% ung.gi% ?ﬁigggnd,

t he presemgihyerpéaht ppoindesovekenesadf cthevirepper beppor ioalgedndy
progranmmebly ©PYLAg: At E5HE Ghr St SIRN URES-OBGLE OBy O 5@BNI AShLYREAL
including. a fixed base . - 3  defining a reference plane, said device
conpri si MPeS siPpdrakanit PPFeiRE e uBeHr 8wk P hSaE 1 PEXsRPPRGCAE§PES| &8s
connect edylvi &h I 689ESE | HOr&NESL 40i OREDEFS Buhdereq0 that each of them noves
with only one degree of freedomrelative to the base, and via respective
other ends to a platformitself connected to said termnal elenent, the
connecti ons belnvesddithion e gbnbedna hitopd ht patemtanapibhei eeeiothe | egs and t he
gui ded nephe ' o) : e o] [ Lde Ki ng
it possible %%/%géggs%ﬁ%ngﬁa?ég?%?gg §?¥|E§§?ﬁi%?igpgégéFgrgfzggyﬁgﬁ ggace,
sai d devikitngmahic coarbreobrpEebophst Auchi asondbling enhbeest he warhinal

el ement tQo@iyQ&g@P?HédaﬁoﬁxhénﬁﬁéeﬂﬁfﬂﬁgtQeib@a@éaQBQRﬁleEﬁﬁ,SHHEOEE and
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| egs, erdééﬁgibﬂdthﬁlthbﬁéndbcﬁmeﬂEBtmakéeﬁulpgﬁﬁibﬁéCEoMthﬁePéObﬁEyiOn
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al ways atg%gggggrﬁéY%% %F? %gngﬁgnﬁoa%s?%ﬁgeg%?oﬁﬁgg?dgggﬁg 3%%88|ated W th
the platfe30f} hrbugbodt ridedibyeatnthesstagctureonhsetoeba monearvederted on
the termnal elenent that is substantially constant. Said auxiliary
structure may include at |east one guided nmenber that is guided so as to
nove with one RePRiedt of celdnPFerart venTert e bh3et o Pro¥ifAg dossible for

t he devi cgat8118c! KigemBODSsT Q6viBYi BHat N8apl 8§ 85MBEORBORR-2NHEcRBRAI | €l

to the pivot .axis of the.term nal el epent, said ans_bei ng conbi ned with
sai d auxi TTSE9 BEFERFAEY BRFR GAWPFRAPYSLYPLL: hRen kYOrRcPEICE: | 888t one
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of ement r£z§|%$ﬁ€i$$§%%£§é£%%?ggngaﬁgﬁeﬁﬁﬁ?%%;E?tﬂﬁgkﬁéléoﬁgi§%§b?§b sai d
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el ement being rigidly secured to the pfatform and it being possible for
the intervwEeinaReSpdinvorking HWeLHP®d on a rigid el enent U3367 WOQU -
08! 08i 03 - 4
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



which is pivotally nounted on the platformor on the termnal elenent. In a
variant, said rigid control elenment may be hinged between said internediate
joint and a guided nenber of a | eg of said support and drive structure, the
term nal el ement being pivotally nmount-ed en the platform |n another
variant, said rigid control elenent is hinged between the internediate

j-oi nt and the platfor the termnal elenment being pivotally nounted on

sai d m;nq?ﬁ#ﬁ1491%nﬁﬁ et aney ?%%Qtd%ﬁﬁﬁ?cﬁom?EéTEP%t% BYRPPEF | and
socket | cind sdriars mwbaup@omtmrat dxea/@c stwalCE 1k £d | Be g@@mz@@itégdﬂl@s to
enabl e the terq%g (ggent t o ,move |n ee dlne95|o morksgace

ext endi ngF P E Vol P Pt e MY ?We % 9 t e o?a ?ﬁgn‘f‘% o said

gui ded newbigl sonlyn amotdeyreebodli fieeedomtrébasive ht@et]mé ]beh]aewoakdnglam nts
are Pivol d ey d Ny 0bndd oo e aﬁ‘ﬂ?@}‘éﬂﬁ" 1Yo D2 Alofthecfld LhesypGksPacE

is |initec an ar ea contai ned ane perpe Fet@rence
pl ane andtQ@“l¢ﬁﬂ[ﬁLQme%Resth¢tCQn@¢@F¥@%%|bﬁ%w¢%m tihe heedi aadokhehe

'nStrU”EQ%lééféfH”éﬁﬁfﬁb@%@@ﬁrﬁhéulé§§|§néOEthgﬁﬂdé@VﬁQmEéPQQbéPn Xi s
parall el to the pivot axes and serving to receive a workpi ece on ich the

t er mi nal EPENEHt %&Qst %@W?Yﬁ@e%%ﬁ%ﬁl%%H@sg%% dedgreRere BRKIRg ihvention

are descrpbesl ved qybvmwer@éﬂaepmtf@rmh@t aﬁﬁpmwhm 5.“99éé€ﬁ§ﬂn§2ned
dr awi ngs, ers ew of a

whi 1
orbod: merto DS es o oA £ Sev s 591 Y Chetadrer Pk, Lietbabett: Baitt ho
first varemapl ofthdecdrmsnaknébenerntto pivet &bguteal azianbelenglihg
per spect [ e Pl Ao5°0P cOUBILIE N FhENGE d:t5-AN-€! exallamavhaw of 2

varliant o con ure 5 TS an OVer ] erspective view
of a thi rauwehbbaiyestrudigoe engde supnot| avat ¢ant view .‘oigmeelhmeuts and

embodi Mt joints, bearing on the base independently of the legs,
exerting on the terminal element a resultant 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 platform; and it being posgsible

for the intermediate joint to be mounted on a rigid element
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Figure 7 is an overall perspective view of a fourth enbodinent; Figure 8 is
an overall perspective view of a variant of the fourth enbodinent; Figure 9
is a perspective view of use of a variant of the second enbodinent in a
machi ne tool; and Figure 10 is an overakl -perspective view of a second
variant of the first enbodi nent of the device. In the present description,
the term"working joint" is used to designate aém nt that is necessary for
aper at i orVTo¥Ch He dEWAR Y IRREHES] 9 TR RIS ORI $% PR of e steFainal | ow

i nternal gidmdrity, 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 diagrammtically show support and drive devices
that are suitdbl & f\mritaa‘img sesigtl 1igiad meoitireel teoldnenn rilabstbeurﬂenhgednr a

robot, or C XA

assenbl ybrfegévﬁ%ndens n a é‘ﬁ\ﬁne ﬁrﬁ?%%@ﬁng@? %ﬁg%@e tﬁf %e naI

el enent il $Rid SURREDE %F@L@ilYﬁl%ﬁxﬂc%mr%on%h%th%¥m%Q®b ofemenpper

menber. Ige Wd&ﬂﬂ?'moﬁﬁ'@e&%ﬂntﬂ?é &l &rEstmmay be either a spindle

carrying a ml1ling cuttver, l1ing wheel, a drill R-as7woco - o0si oai 0;

- 6 bit, a workpiece- carrler etc. or else a water jet device, a |aser

gth ter devi ce, Irarhrﬁitgﬁilf wﬁmﬁmf sdﬁm celgid deomtirdl rkgrlhaﬁyﬂmﬁ;'s ah Biadneld
aster, a|nt| evi ce 0|S|n e i pe_may_be

oqu pped SRETEG | ke i ROl nl Y R ot BHERESHS. (RS, EFrideY

el enent , eele;memtDLbEHdgqmwaot@bbYVWuﬂm@@ onrsasgoplatBdrmi t h an active or

passi ve tool changer (i.e. a stock of tools and/or of workpiece carriers).

In the enbodi nents described below, in order to inprove understandi ng of
the figures, the ang rémed Enement 24 sleawrsenerof | the | jobyta ave opabbdy

whi ch i's as50gbated Joohdhy %hahsaidi 8iSpdat tahsf 81564 éeraétarephétform
the platformbeing part of the support and drive_structure. However, as

descri bedP¥apBize a%‘é%ha?% "eﬂc%’&%}t’ & cthe nEGRNERR L hel 8BeRT nhP BPEREAR | s

rr_DuRt eﬁ Olﬂllli‘éf @irﬁéﬁﬁmyl atlﬁedgdﬁ:]egpé@% @xu@%ﬁgg%ab@ua a?lames associ filt ed
with the platform .Each t he. devi.ces cribed ha ef erence, hase

whi ch, i ERESTTLIRE Y (eife, ISt ELGE Gr e PR ROTeng R o bR L A0 aR 85y one
or nore phemeessirfaces connected to the bed of the machine, but naturally

t he base surfaces) nmay al so be curved. However, it is essential for the
consi stency of the description for the surfaces to define a Cartesian
reference framn O?ﬂqwlbﬁm%o@%m%‘icrﬁ‘t heeast sthreg ofnhe werkhedwor kspace

are deterybneds Bed 0;¥\&vi j 6168085 g egitbat akbs BXefgxmabday19f the
CarteS|an ref rence frane are defined.in thehgl ane of the base of the

devi ce, 2hbed ¢ merdxFReywetkaRAGe| &F 1 oM hedakPsaB 2FSRafPBRadPefndn
pl at f or maTﬂaBaﬂevp@EpendiDmldragoam;ﬂl raféyehoeFplanesatdand £har pivot

simplifie %(]QSV'E %elx@g‘t"ﬁbgglﬁfé 98?b€ﬁe°&aégfn§h8ge9flé %FEQﬁmEEEUEE”re s

r educed. 2] (Nor ace can t érm na enent I's not
as | arge #8¢lude @xamp@rtmmtehhebéoncheengdmgyedhél@ém ae 8kipBigure 3,

with the gthef)&i nenS{RES !L@H’@' Qk@g EH&aEerpHﬁgt bs reduelbog WBrkpsewei ght
of the noving el ements ob Et)al ned i nplifying the structure opens up

possi bi | i PRe¥hdfhsplei FeEmiRal FBF“‘FHEH‘?CES . for applications in which
precision is of prinme inportance.

Various 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 pergpective view of a first

variant of the first embodiment;



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 translation, and that defines an axis that, by convention, is
Teferred to as the "xaxis". Two notor-dii ven slides 3 and 4 are nounted on
the guide 2 so that novenent of the slides is controlled in a manner
enabling themto be noved i ndependently from each other along the x axis.

At each of itFiaus I .18 am wverakl wretPednvasysewseam i agegnd

per pendi il ident ; €ach of the slides 3 and 4 carries two ball and socket
joints 5, 6 which serve as abutments and joints on the slide for receiving
pairs of rigid support bars 7, 8, the top ends of the pairs of support bars
in turn carryimg;trﬁpeots' vien psil éBa ©f ol ak evanste SHCKLE i 40t OB Ohe 18ecbndgi ng
a platfor 11.10 the two |l egs formed by the pairs of bars 7 and 8. The two
bars of e ?%W Y%ior 8 are preferably parallel. The platform 1l is shown
in this exanple by a rectangular bl ock whose rectangul ar bottom surface
carries one of ! | cheof | orners. The
bal | and socket o]féntaés ‘8&&5110%&%%@ J}\Sate ‘gtggng Hltlg]c(g within the
r ect angul embdd reéntshaped volune of the platform 11, prOV|ded however t hat
the two ball and socket joints 9, 10 in each pair are placed on a straight
line that is parallel to the axis of rotatlon of the platform 11. The
platform 11 i F¥IWerl ¢ it A eLLYRIBRAYISF @f tehei tqlarrer eRRAdiPgRE; ve or
passive elenment) 21, e.g. a spindle carrying a mlling cutter or sone other
rotary tool a mhose axi s_of rota% be. angul arly_positioped in any
way relative tor9We® pl at¥ ofth Ok jev?%’ésg‘fr thee h%t“uéé hoﬁﬁgﬁl iary
struct ur eembddimenvtrols the two residual degrees of freedom of the
platform and thus of the termnal elenment 21. This structure conprises
firstly a pivot bar 14 serving to drive the pivoting of the platform and
secondly a si ddidyare 18 beramngvevatbripevspedieivegyeewopif pnevdsiddt ofie
pIatforn1@ﬁ@ngoépehyeﬁ%balmggg674ocg 08/ 081 03 g _ The pivot bar 14 is
hi nged at one its ends via a ball and socket joint 13 to a notor-driven
slide 12 organi zed to nove along the prismatic guide 2, outside the area
over which thersdh£ess 3iang PetOpedt i Ve ngiéleok egse 7ToaNd BaeaBntr a¥ethel t

i s hinged cket .joint 15 to the end of an

ot h i ba
el enent 28° g%%%r ?§£T§59p¥é??gWﬁF 1n3ng°8$ojggglng laterally relative

t hereto. ThIS configuration makes it possible to conserve, throughout the
wor kspace, Lo LIG! L b SadChYeEL P2 oL LabbEL POE THL chebpeanSERE r ecti on
of the force act on the ferm na cause It to prvot under the
action ofV@heaétlgg theafigrehecwbpdigant| Phetpasdrigcehr ough the bal | and
socket joints 10 and 15. This property is referred to in the renai nder of
t he description as ular stiffness, trackjng" of the pivot drive, and it
makes it possibPet ?% %gﬁ?%ve 8PFHFREACR" IEb%IEeFWatWSF 1§99ﬁPPPEanPFy

hi gher |nubednsooﬁeamgﬂhaé at jokes ahdtotsrhgbdsbyryhaortb@eeaadbmewed by
pri or _devi gesq. By wayo of eXAMRLes of 0 PLARL 4! OukeER N6 10L0YR guanay el ng
t he angul ar p05| ironrng of “the pﬁat?ornt T%ons dver -an angu ar
novenent ohtépoaltmebiéibyd erbedinbar shHuwRPeEd anhreWQ wakds aind possi bl e,
by means gbckbe janaubagesiihlBaas bhACkhAE' cRRORGELY aBbukh cdeime of the
invention, to obfain a variation in _the conponent of the resultant force
acting i nekhe, prhdehprace potaRgopeAgeABYcEHRFEEONAREt i s 30 of only 15%
relative to its mninmumval ue, for reasonable di rensi ons for the device.
Results of the sanE or der ﬁf nltude ? obtained mﬁtgfthe ot her
enbodi nent s deSefi bEAUFRSt HeagF @@ﬁFlﬁﬁg Ycﬁ P¥nSUBREL s 81Gf HH¥hal | and
socket jodevsceandhdespreestlieabaet folrabetihg bhakld dnd aseekeéti neoitiol],3 ans
placed on.a orner of th 12 .t | f ed.in posi tion that
IS synnetrlgg ggut P%egg%P SE % hgﬁ%gnﬁlg%§§t|Sﬁhggégykge%fdggé&not
control tmechegeeesothfasedénraE&a@Pﬂhe gnaresewblyhmadéniines. Thi & control

i's obtaingd RynEhe 3! 08aRBE181 W] GBrkPieces? the terminal element may

be a claw or a suction cup, or some other type of gripper
member. In a machine tool, the terminal element may be either

a spindle carrying a milling cutter, a milling wheel, a drill
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hi nged at one of its ends via a ball and socket joint 17 to a notor-driven
slide 16 organi zed to nove along a prismatic guide 23, that is rectilinear
and that has one degree of freedomin translation, parallel to the guide 2
and al so disposed in the surface of thegbase 1. The bar 18 is hinged at its
other end via a ball and socket joint 19 to the elenment 20. It should be
specified that the ball and socket joint 19 _does not necessarily have to be
mount ed &3 trh@ CEHRRHECRr CARRLG Tt IF6C i PSR A 89 Msthtdayisiet ke

pl at for mlhhfeqlr lcQt'&tTelie deaflraaalaﬁﬁleqr&jﬁro?broﬂmo? mh dicar & |c|Ié’LklbL§rISJH{§ Iz(il ent
to provi u contro er. the positioni ng of. the term nal, el epent

o Bono GBS e s B G DU hnscd s iy 4 1o LSl e s

desi gned eas .t r Mtles médradhdere mava beotegruippese wdrtihy gmigopdsars reshesitii th a fi xed
rack, or orP] t%[ba tH Ma

| i near rmn%rqrﬂﬁéo t%cal errpr}f)e%r%s@ x%ﬂh’?’l%l %\tg sogiet &%l aqan 6,
9, 10, 13 reyolwver émﬂdjlg 4 e afad tvc;tthqélrp@qmofﬁ tmtpa:%ﬁweestcml or to

the porticopddeat (it £Lard IAHADUE @B ORI Mt bR ddlecd Mt e dppends
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 l anatmanm%rﬁ% tdémridcprbeaw thpQﬁtdéﬂ ﬂchelr@lfd\ié oni ng

of the ter rrent exact not n at_any. p thl n

predet er i} Eb% %‘?’]’s ed?'@db%/]e e'(r)t1‘|| njg?ll%ﬁ‘own

posi ti OnIS}g’llfdil’ldd’]ﬂ}a)h}S Ofmdtoer tkmfdy rv&ilcel-i arerdsssdmidted prigidbxiwitihat i s
paral | el Q.4t Xi | r to 20,
t he asserﬁ)l y glcledrri(?E’l:?sij'l fﬁ; ét% &f %bor m Ith erﬂnlﬁl fé'{ %‘Hntl?#q

suppor t edant tdfe theyssubp@;t aardi dmv%@ﬁrlmtsm& on Hgwever sldgles 3, 4,
there reidb MR AGHRRS, @aéé&%éﬁoﬂﬁtef@ﬁ’%@%h%rtﬁe Cidepi@rarc in

the plane yz by deform ng the parallel tgram; , and rotation about an

i nst ant arfg@ReEx 8 ouniad iUh e RiR AT rHe A ééﬁ‘élca?ldf%%rl?b‘é‘b‘bﬁéﬁ ng to
the na~-wembut @&l @siis assodihtédtwittecihopleifmen. t he pl anes forned
respectively by the axes of the legs 7 and by the axes of the |legs 8. These
two degrees of freedomare controlled exactly by the relative positions of
the slides 12 Eauwh ¥ dlengidvhiecgs idﬂmﬁxbegiuikdses &2, rémar&’mze possd ions of the
prismati e e t t d; of i bar 18
determ ngﬂkgﬂ#}fj %trﬁg%v\%)ér]k%a{%éc% t %‘?glfr%%eft% nc?nal JZ% %%ﬁgrrgeiac . In

t he examﬁr@czmm b qmegm:é more Hel ajie desr Pacer W%@@t%r@w ehe gegdieat but

nat ural | e Heh6¥a dhed! SQuthen £k $POB ﬁme a:sa/séilé@lefai@@(@f hde s§PaSepOr they
may be curved. Sinil arly, the sli 3, 12 coul d, nove al ong separate

gui des) IFHERRA ti GIPWRYRY r ekt 11§ ri%%t?erbrr’r tiﬁfr FERNLHRF B8 PepfBRed by
pi vot al | wm;ﬁﬂldrﬁvﬂm tiey | sgr Haee €legs e@ib:fné raaemh)meéham réberexedpl e,

the slid de d |.ac ev, V|n plvot axes

par al | el efroame Q%h :gaaesspﬁzcg%%ﬁl%g %é l};aeﬁr/ge)p% cgﬁ Wi h I%%ers havi ng

pi vot axemzﬁmaqwmidemmwmd Trﬁel@rJ/eszt ney oprdibherey beat the

mot or - dripeny JThe, fbpvee rﬁﬁ@rd‘ér@éépaﬁpﬁéﬁ’ef&@é | £ L4md h@ré’t @éflﬁé@oﬁh ment s

and variants that ar’e described bel ow By way of exanple, Figure 10 shows a
second variemlate (e the haseiRti Ikt | 3Ei gl ab ea?ﬂﬂ1$nYV\h$ch t he
slides 2 pH¥h ¥ &l &cd ephaCoeh s b +6vEE Sod’ o Nthd plétbﬁoisl’(\l des 12 and 16
being replaced with levers 12' and 16'. Figure 2 shows a sinplified variant
of the auxiliary structure of the first enbodiment. In this variant, the
not or-dri ven dlderviziesirghduy difadiwmmmtvioialiay i’ Fionared Ihmsiziea:b@r

18" are r v I 2 3 r
rectilinear Ehtelha]te%ac\?/ge‘po%eéﬁegree f&f%%&g%ﬁ?%%£€%§a?%éﬁ%?x% I(gf‘ lfo t he
gui de 2, Stmcmlmlmmdl onEle avonigspare xthat scapulberbrseedled by to be

i t uat ed @He SRS AEEEhONTs LR ZadX] $ra@l 24 | VEot OekbifpPbangnet Lhe
base 1. These guides 22 and 23" are situated on either side of the vertical

pl ane of kg mritigved b the dRVicR. of FiFe o}/ thECR RS gAEREFON of the
gui des 223 afkh &P ns RenmP! 560 Ce€q@d1 | hsut! enente &t SoR0in NEBESHALYht Oof

obtain satl sfact or gul ar 1
the movin éngents obtafhed by simplifying the structure
opens up possibilities of specific uses for them, e.g. for

applications in which precision is of prime importance.



stiffness tracking, and the ball and socket may be nounted directly on the
platform 11, of the ends of its top surface. It should | this variant, the
bars 14' and 18 are both driving the pivoting and in controlling the al ong
the y-axis. joints 15 and 19' preferabl7zy-at one be noted that, in involved
in degree of freedom Figure 3 shows a second enbodi nent of the device of
the invention, with the sane diagrammatic view as in Figure 1. Many of the
el enents descri bed above can be recognized in Figure 3, and they are

desi gnat ed by Inhelmamarfafey ey ahe 'Biua&m IBagw a dShives ddeldavosisinsmati C
gui des Zé@nd 23 that are parallel q% N ul arh¥(9q: éoned algnﬂ t he

x-axi s, and e tvib BT AEF that By the pat t*as-the et enent s
desi gnat erhaby hawe smadegfes evﬁefsreeﬂdzrhelri i rsanshdjobmenandi tieat supporti ng
two pairsg t f 1] fgggi cket . O Su _and
6, each pa| r Igéf.bogaa%pao}?fé E%}rYs carfyl ng Ig'l IPg1 soc S tL'(g %thstlgé é
connect ecP*is3"f n Iﬂfvgmrf@oqohﬂrh‘éerpl%\l#@ﬁﬁ’n 3 1ar@chiraee tfbowlh‘ée‘ﬂe@m Hag eI errent

21. The cAfddW ald Ahd hdFemdP9Sof e SYPRAES I 1 dbee PhBIEQr Phig the sane
as in the first embodi nent, while the auxiliary structure that controls the

two resi dipmetenal ¥19 TR orR dre thRVedrindeperdenehy 570m; e2ehsOFReH t he

auxi | i ar yalsdr %VJQil'Ui’exla{ki@B fAt SdaEhofli Medtends, 1 1. &1 giea 111haewnuahl iary
structure inc

d f nd de bar_18 nt i 2
2nd 16 AT USRI TVRE LY Ao E e 1 el OF ahRCaronges 3
pri smati cargiutljezaﬂrwe atwanpel l | gedt secket oj ot srehineé Wieschi bedvai &b
i t of |
b at for mor el Care JHAOR S85ene ' PLLEENESE £LBOLE TG PhUSEL 0 Tk ibiTE,
pl at e 29,supponk ihardal, 1&,, el @omoﬂndw%a‘?h@mam% 9fv§uppoatebags| S
hi nged to;4 ha, aéatl@fﬂﬁé i‘é@pé‘c@i@eoﬁslaﬁi‘ésmg()bé@I aahég! sboxbhe%1axksy, It

is showmn in the formof a trapeziuns el epent, _and i.ts | eadi ng edge
carries tH thiHERY %ﬁﬂlé%EQEW }bl%?stﬁ% &¥e 4e9% oformPagi hy the Bé%§sl4

gnd 5575 iaf“ﬂﬂ k@aﬁ@w%ﬂgal[% a”ﬂhé%ﬂﬁ@t%a@sn@f2§a&\ﬁlp&llrS?hbﬁgedairé tlhe control
ar : e r, en e contro

o rount E S PR R RRALShekertT P REC B8 Bnth b PPN o8t o A HoSkpRabes
The | ocatbhym ofedtendpal &r abtoskhckeds¢ oratt @Bgohat heostodesB8rfacaot

deci si ve. I S j OI 2 urt Rer . f r

further b €§H$%§$ngﬂgfh?ﬁ%g%a%? o%e?o a# QQ §he&§eége§é$gfg§ gEBaI
and socke¥o¥rpTRs JBhankp B ARG %@Cb%§|396ﬂéﬁ %n?ﬁhb?emQYtﬁﬂﬁothé vol ume of

the pivotgpl@d€ed %t bathyt PENCEUSLtROL bBe SHédBhRGUDPArt BEoaK! 8ha edThe si de
bar 18 does. not necessar have to be co %ﬁgted to thgaEIVOt

rather itVekyeeLkorneck ﬂ¥§8r3n§lotﬂE?vé Aeweyernk FBF ¥9| @1950
t hat noveamdt sedlost jhfnysaa;31051nbEacheﬁa1fheréepManaﬂ eheaentraightxed
if the sljdes 1 e e % i . r e
or i smat L 6% denat aid Bab AR eE,ER: chP: RREe! G, bbERPs AR BE L s, BIREEbL
paral l el 1b.30Tke phatfanml ali ba Fhxetlerwpiddpate hhg bedyomfr el l ed by
acting ongdhgi iRT OL BethdAL ?5%%§véab9 phbdese EL@MERLH Shows g variant

wi t hout |ateral novement o he_ second enbodi ment of the device of the
i nventi onSPindle GRELYHNE ?omééélPﬂeCBSH%rsaﬁpﬁ?WesPFh@FuF@taWVtﬁOP&o | egs

mount ed ofnd Weh&hé deRisand +beatadR s beaadghl¥elyspbHetibaed tih any
internedi ate j oj nt edi ng enbodi nents. Because of the absence

% ,_as in Bhe greg

of the slYd 4% anhtVof *PhEREi Be2baP* ™8, novenents along the y-axis are
obtained in this exanple by a rel ative novenent between the device and the
means for hol din he. obj ect r T erm
T ant - nanded T J9F SRLAT e nCthEnbEs ARCBUREY SR BP LB Ee pEch

t he base domtrolesthestwgl eepiduaht deggaeanE 6neeflpwhoflthehpéetdbirdes 3,
4, and 12, etl‘i@é'n%fdthgoté¥ﬂhg?@n¥lgfﬂ€ﬂ{9té?l ! e@hkét §E§hc€9¥%”%%¥n S}flsteQe

platform the two bars one o airs Eort bars 7 or 8 must be
connect ed %6@%%ﬁe@ PiﬁPHIParmhﬂcﬁerglﬂﬁet§aﬁﬁl&§ Eﬁlaévﬁﬁlngnoétthéast one

of the |elg§atfc|5'ﬁmpahﬁd0§ebéf1alw hhsadsi pakeiel gaeti nfotowWbbeRroat theast on
one of thg Ieg Ehg bal, | g
egrée o reedom of the platform along the y-axis.
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- 13 socket joints are replaced with pivots having axes parallel to the
axis 30. O her configurations having two pivots may al so be devised. The
auxi liary structure, which pivots the platform 11 secured to the term nal
el ement 21 about the joints 9 and 10, i gcl.udes the pin 30 and the pivot
plate 29 on the | eading edge of which are nounted the internediate joints
28 and 15 connecting the plate 29 to the control bar 27 and to the pivot
drive bar 14, Ths ®Hviatsdar Pearie dindged jadi mneldHhfitshends delaa el

joints 9 apd JAKEY 6RO NESl $Qud i - dBldn aXBRAE 01 N0 Fean THE SEHE
applies to the joints 15 and 28, gj%ucie 4 shows, [ n ﬂ_ftshed i nes the, extent
of the affi%r? RIFAMR frkC ¢ @y UrUAUNRL BFFIPAVET 1R FR

pl at f or mtlde nerieles By amyisgedhedsividey 1ghdelewen tdred tvocamdt poseél i ons 12a
and 12b. .The cqr.respondi n 0S,i.t i.on f._the 0 re referenced
37 and o 1AL ERRS S P ' R HnPHoB{eE fol 41 M £
enbodi mertto dttmveridh ¢ cqan eeBeméntst2¢ gscured domfihpirmtatofoon theapdvot

pl ate 29 i : i i in t " i causes
B oppos e T e e 1 T ey et Chem e

pl at f or mretkashel ave i bfe Figueenseryen sPmeowgheat the sweohPPyee at@dn nmakes
it possiblgyito bl ik PAdLY Cal GEd Ve QMO RGBS 19DEhEdh NEh & 0RLELEODSn | N
this exanpl™e too, the termnal elenment 21 is secured rigidly to the

pl at f or mAfL thdF ACe ACHIRT j R nERe ArerBindhee kamentntP scrRRde 16i FP type,
except fasivddte (rsdePl e | £t tioBlof | thahs Thdé he2 pavdttid ageraOghs bhinged to
the platform., which joi,nt_.is angularly sitioned along the y-axis. In this
exanpl e t%%s,rgjtrf% '%h’%ééu%l? a'i}ée 1b%g$r récg %‘E@‘?\z/\o} %Ja?té?l]g(? ?)?clls%r%ti chg?jllj?des 2
and 23. TihweopewtslislaseBeamned 4tohinhtaet réma oxder | 9f t hire sd@ecnayt asnt e

sl i des 3'35{]9;1[ ' I € rl ' ui al |
and socket | li{]lnétf; {%%ﬁ?%%)a/&gaa??y a??gn%ﬁgg%g%%t?t %i\‘r;esg%nqg E%3%(%ﬁe -
08/ 0803 it Hassikkenty 2¢lplgue APEEroHraRee akelVelL? i Hial 2%® support | egs
for supp%ié@ﬁi&%@iﬁﬁ%ﬂéﬁm%&& Fopusgg3lat e oAk gng gf the ball
and socket joints on the $I vot plate Zg\‘(] i s, not _decisive, provided that
they are Rt dikaP ohhese aghieved REXPF i Y18 Fuct ure with two rigid

menbers and an internediate joint is also to be found in this exanple.

However, the senbly is or i zed so that, t ivat npvenent of the
platform 11 t eswap}f at ?}ﬁarﬁ%ageﬂilr%c??éo%r otb%rc}g?%% '?%et%%g "Tection in which
t he pl at fonaraitediongevheecaspobari pofFigurrilgppfothe phathivsmciie, the

slide 12 iLs, oot ey O 40884 18y ZnSPefnt 0o FOY S0 DEt YRENLBBRE! | des 3 and

4, the configuration of the pivot plate 29' and of the pivot bar 14, of the
si de bar aBPeHEHNRAL tgROBNERoFigAre 2T Bakag thosersiblenabytReapevet plate
can pivotthet veehulie StpPPhésbafsadkifgVaprepéridt 8outhéabievratenoyegrat of
t he device of Fjgqure_5 %@ shown in Figure 6. This device ganfip fact be
consi der e YT HER het P VBT 8E00F YRAEIARUPR RNOUR FRTRPYEPE 2L FR®that the
only di ffecsnteantel fdbrve dotihg devibe pavongplatee2degnédepenpehieeddar
shown in Fi | €S Det oSkl .t he, ] Ol h tf

conpar ed g}?ﬁﬂfh% %%v% ?%i%§%99§gﬁd9§bg£f%gs%%u%ggb@gﬁgﬁgﬁ ?ﬁgpgfn?é%l of
t he exanpressemavle i diregatens3fey hetdevbagt and socket joint 15 could

al so be fixed to the bar 27, provided that it does not coincide with the

ball and socket joint 26, or to the $ar 18, %goyi dgd that_ it does nqt
coi nci de wit h R He? | 0OhnEhQoBRBE PHIRT 27, Mt hedgaffnahg QBEﬁéPeﬁoi nt 28

coul d be §ixgedche dtikebaembddinenvsdadsthabedit ifloeRenpiresannci de with the
ball and socket jpint 13, or to the bar 27, provided that it does not
coi nci de WYh'tHe'Bat1 and socket joint 26.

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 gide bar 18 which is



Simlarly, the ball and socket joint 19 nmay 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

j oi nt 26. - 15 Finally, the ball andgsocket joints 9 may be fixed to the
bars 8, provided that they do not coincide with the ball and socket joints
6, or the ball_and socket joints 10 may be nounted on the bars 7, provided

they do fdtgest wdi gaeniath fe andy Wil adadds g iecket irkidasl 7 f@a of
the examid@tordepcnidiedlalyels tdeydeidBdalo Qﬁcﬁf@rﬁldrﬁ% v ashdd g dly to

the platfor, Figures 7 and 8 show two ex | es .of a Tourth enbodi nent of
the devi &g 3% itﬁ‘\?e‘ntli%rﬁeq <4t (anst (it e & 9zae i not
rigidy crmsidam ned dadslet v h gdwa il frox e siwgindd ed dyd Sl sd he

structure,for supporting and. novin he ,pl at f.orm.j,s, ,in these two exanples,
a struct udrleSP&Seﬂ?e”f yt&egc?e%]gfraf%eeaoigné}ﬁ?atﬂganﬁaés 1EP %W and US }211 , 582,
i.e. a statucihs ethemmsch i a tyakl bl @Qié@l’eeisoiﬁt f¥eetomloé ¢lgnent
platformaye ofd eiefd bOUGL LoD (i BN 1 dHe S amler ‘;Ea?if(@”ﬁ' I des

40, 41, and 42 noving al ong respective ones of three p Ismatic

gui des 43%oeﬁ4,n%m%asw%ééchﬁ%t%t%gwm&cbm i khee | tpment 470, Jhit 48
suppor ti ngyther plratdQirm W SO 1B houleep dmecparsldetoam of dheoR! @hd orm
relative to the base 1. Each of the three | egs of the structure described

i s formed R HaisI e Rupport 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 deformble | 1el qgr.ams which hold the platform
parallel tot &P ket 11 Jp%ssg"?%ﬁacjteon%q(;rtl?/epﬁ%\'élcﬂ%v%'ﬂg]ht%onﬁtﬁrgf

t ransl at iorenfthdeqr idt foring he D ugiwe ut e trhienavo rkbspeest p2 bvi hiedughout hilse
exanpl e, &ggkiégégjuﬂ element 21 is hinged to the platformin a manner such
as to pivot about an axis 51 associated with the platform The auxiliary
structure that makes it possible to cause the termnal elenent 21 to pivot
in control | ed ;g RPAALIR G St CHBrd Stfed iy Be Mad BoR&d as
vaaHyrg&ﬂe at mﬁ(ﬁltse%ﬁ mmymtermnm aemth%ﬁopnmt
about an WHSBEXIYRRY 6-DIRPERT ngRoRE L FF VBRMRRT MesheRdviFRh2a control
bar 27". fliveedimdk basr Iy & sbdl hgedra, one lof atsh&imsttachiont oyseemyen
slide 12" _th can. npve. al on 3 - / - rj [ C guide
43 and i & i%se%abéf e regmg%%gt(gg t%%iﬁ%icx’/%?glglrg%aen%" 19?%12 %ggﬁl%l bar
27" is hibajed and mrckdt i jeirheis5268, tD, the, s13deld) dhd avdhifgkingesits

ot her end, tj05 e LM S Pr i St Gnit aéiﬁrﬂ‘f‘é poesy neb elgé ngbeei ¥ht Phhbe; axis

30'. In avarjant, the joint 26" could al so_ be nounted oh the platform 50

at a pl acR¥hes RRRUHANYE RREP dB1 Rt A t 3BP hkFede 1thahdengndar PRNi &S shown
in Fi gur esorfstangeBish f f erhé nbdhat ahessckont§gimesinag bé dhecpivot plate
29" cause ﬁivot qﬁ%ﬁgentstof the termnal element 21 that are opposite when
the slideMPersdd 5 n""YR®  same direction. As in the other embodinents
described, the slides 40, 41, and 42 could be replaced by pivotally nounted

| overs, 1t Delig ABPOSSANALAl I8 DRAOI IR e lod NS | RUGISe T Y Spexampl e

to be parallel e respective axes passing throu centers t he
bal | and e@rKerugteehtn ppuniedert Sual dAsee BPSihEONegBA480 gontyad BBe The

slide 12"p0@yt PSn1RP! SEethd £ 8r@i heYeé1 SNt egl L &xREVDY ABPUENEY AKi any
positioned jn any should be noted that in the exafgles,shomn in

way. |t
Fi gures 7PaHE vt pa) Preadatebrkaed| 6PRESR3Ce BYF (P3F s3l B8 VikBd2to the
bar 27", predéeieehmimed ahgdDes pPokitvbnLhgervtt bhéhexbal bf atHeseekainadi nt
26", or thﬁ bal | %%d socket loint.z28, could be figeg éo ége bar 14", .
provi ded THEPSRY UL 1Bt PEEPhcRBLSWFPACt he BAFrLARG §8ckBE YoP%tS13!
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 degrees 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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Figure 9 remains to be described. Figure 9 shows an exanple of use of the
device of the invention in a machine tool. The enbodi nent chosen to show
this use is simlar to the enbodi mrent shown in Figure 3, except that the
slides 60 and 61, corresponding to the sdides 12 and 16 of the device in
Figure 2, are guided on separate prismatic guides that are parallel to the
x-axis. The slides 48 and 49 caorrespond to the slides 3 and 4 of the device
of the Filfiherspction petwaph ghe nlanes, ipxned (rpiPectivRly fda theg. at 45
above t P%}%@y Iﬁﬁlﬁrﬁei &%q/rmirmﬂcs m{)?sh@@dadg tdF aHalrldabl @, 901‘Mé\§§§tv{;’di sis
vertical,, for exa : e turntable i signed tq receive a workpiece on
whi cht hBSERAH O HE SR AHE SRR LS VAT 15 Rbched s [T HES pl atfor m
91 can peyd=irtmborey icfusshmddiidersy Ihearad | hsaldng i tshel ol gostsi bl guides

consi der £quj-ppi m.nal el 9 i i pl.ece rii at is
opti onal Iz;e/ ?ralo've%éa%ér%ﬁrga%?nm?tﬁg@t Iflrl%%%\'dlle@vﬁf%@%%e&g(? ?r%?eiégétﬂg

not or - dr idferthe pasyl ean dod sangrof Heprbiide ikar of8 detexypee Bilivothe and
per for m Rg, S JRCHIHE NG HY oMbk T Nel MEADI LCeaSted b, tOOls. In
general, 1t IS possible to add a second bar to each single bar, e.g. 14,

18, 27, the second bar being parallel to the single bar and working

ijde_nti cal ljy tar tt:he“liﬁqnfﬂﬂ.@?sﬂ%wrpmi_rﬂﬁighﬁ@ ﬂ,mmlggfair@e&?mﬂhdt% Oéllré he
evice and t crease its riqgidity. e _negative cts.of the.resulting
hyper-gui&ﬁ?Pgl]lcegn%'bl ee"'?‘r’o\sltélbtt atau#[%]r]gbé 'él%ef}gﬂf‘a%ya%%\?ﬂes%ﬁ@?%ﬂé,1§uch as
i npl enentamyg dixgripi@cici orhorspaseror nghey bedyance ngutesér . 8386TaVDER -
o o e, dEiadE A M Lol I JSIBS SN S0 SHpReRtLNgufade 1o
programmbly Toving @ termnal el enen I'h a machine or~an i n&trunent

i ncl udi npd&d ¥t denl bdve (a9t dhinepndgoni snd et e ael ¢geaneoutdi de deeptaced
conpri si rﬂyz%ﬁ%%ﬁ?ﬁy afslsl by €1 STEHS THERi M thh&tadgpst Lyorfi@idnm! €9s (7,
8; 46, 47, ) connected via respective ends to nenbers (3,_4; 40, 41, 42)
gui ded so-htr AR iem WG 3l ifed dnryd oheCoebt doe oFePtagadnyiklat i ve
to the basg Baebwd méx_eﬁr@?%i\‘v'@toék@é pags11el acpl ¢t f orhe(311468) 12t self
connect ed éo sai.d tqégLna eleneni t he connections, bet ween thg.le%a and
the pl at {57 M2hPHETRER2H VT EYs! GRAT T R YLIA R HRTba¥ES bRPAY T 1 BRfit's

t he noveremny wdy sai Theul ehesh-sremdve r sptrbdéhably tbeosst bt edtbvenve Thed

pl atform i | i £ r roin C i k i
character?é%_ i%F%%éﬁgF%ﬁ%$d§§8%g g%a% %m?%§§$%r§$%§ g eﬁé%@g?ggp?g%t
about an @& tames oHgrthpre dpecplhedopelovhe support and drive structure

i ncludes an auxiliary structure made up of at least two rigid elenents (14,
18, 20; 14', 18'; 14, 18, 27,.29;_14, 27, 29; 14, 18, 27, 29'; 14, 27, 29';
14", 27", 29")BRMADIOF PRl peF R Snl § e @ | FrepRAGEAT 191 Of he

| egs, erttmé ngimtatémll)cb@iménal skbenebh Rigessl 1anAneﬂﬁinﬁmehe}:heoj ection
in a plan r pendi ¢ r 1o said_axi.s assogiate yth_the,p orm. r.emai ns
aays at bRt e 738 o P el A Ee P F s arntagi & EbEoRTAAER
t he pl at f b2 nandir béigheinmg t hephavedewi thsbewsrsolzbngrdviééa.nonent exerted on
the termnal elenment that is substantially constant. 2. A device according
to claiml, characterized in that said auxiliary structure includes at

| east one gui dEEFWERDErshow? @ ssiphbiied waridnhoed hRehavhélérdgYee of
freedom r gt ahéverd Oot hehbaserssd. eMbd@¥inéARt ACCOhItRYst Qaeliah®), 2the

s par PEPT 19 TRE P R 2 GRRRRS! chhi RRF BPEREnPAZakid ABAnS bel ng

conbi ned whé¢ hsbdé doatixi8i anyeshountedeon respective prismatic guides 22

1%and

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
bagse 1. These guides 22 and 23’ are situated on either side
of the vertical plane of symmetry xz of the device. 1In view
of the configuration of the guides 22 and 23', the presence of

the element 20 is not necessary to obtain satisfactory angular



- 19 4. A device according to any one of clains 1 to 3, characterized in
that said auxiliary structure includes at |east one internediate joint (28)
and at | east one rigid connection elenment (27) controlling one degree of
freedom of the term nal element resulfiyng fromthe internediate joint (28)
5. A device according to claim4, characterized in that said rigid
control element (27) is hinged between said internmediate joint ( 2 8 ) and

a gui ded swidfeess $racliing,| egd the hillssingd aquket mintgy il sandictay e,

the termypgl 1l %i&%tte@eldlgcéd&ﬂlah sterfélr;ﬂdattﬁbxtnheupl PhHdRaibLy Aa@ea/ﬂée _
according to claim5, characterized in that the internedi ate JOI nt (28) is
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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 9 or 10 connected as in
Figure 1 to the platform 11 secured to the terminal element
21. The configuration 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

structure 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
guide 23 in a manner identical to the manner described with
reference to Figure 1. 1In 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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11. A device according to claim1, characterized in that at |east three of
the working joints are pivot joints, the pivot axes being mutually
parallel, and the workspace is |limted to an area contained in a plane
perpendi cul ar to said reference plane. aniid to the pivot axes. 12. A device
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includes a support suitable for being noved along an axjs parallel to the
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y-axis is obtained.

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
gsecond 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 side 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, which is the same as replacing,
in at least one of the legs, the pair of barg with a single

element for which, at least on one of the legs, the ball and
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gsecured to the terminal element 21 about the joints 9 and 10,
includes the pin 30 and the pivot plate 29 on the leading edge
of which are mounted the intermediate joints 28 and 15
connecting the plate 29 to the control bar 27 and to the pivot
drive bar 14, which itself bears on the joint 13 of the slide
12. The joints 9 and 10 may be combined so that their axes
coincide. The same applies to the joints 15 and 28.

Figure 4 shows in dashed lines the extent of the angular
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 referenced 27a and 27b.

The third embodiment, shown in Figure 5, 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 opposite movement of the platform
compared with the movement of the platform of the device of
Figure 3. In some casesg, 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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supporting the platform 11. As in Figure 3, the locations of
the ball and socket joints on the pivot plate 29' is not
decisive, provided that they are not situated on the axis 30.
An auxiliary structure with two rigid members and an
intermediate joint is also to be found in this example.
However, the assembly is organized so that the pivot movement
of the platform 11 takes place in the direction opposite to
the direction in which the platform of the device shown in
Figure 3 pivots. In this case, the slide 12 is mounted on the
guide 2 so as to move between the slides 3 and 4, the
configuration of the pivot plate 29' and of the pivot bar 14,
of the sgide 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 lateral movement of the device of
Figure 5 is shown in Figure 6. This device can in fact be
congidered 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 26.
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' Finally, the ball and socket joints 9 may be fixed to the
bars 8, provided that they do not coincide with the ball and
gocket joints 6, or the ball and socket joints 10 may be
mounted on the bars 7, provided they do not coincide with the

ball and socket joints 5.

Whereas in all of the examples described above, the
terminal element is secured rigidly to the platform, Figures 7
and 8 show two examples of a fourth embodiment of the device
of the invention, in which the terminal element 21 is not
rigidly constrained to move with the platform designated by
50. The structure for supporting and moving the platform is,
in these two examples, 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 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. 1In 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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plate 29". The control bar 27" is hinged at one of its ends
26" to the glide 40 and is hinged at its other end to the
plate 50, at a place that does not coincide with the axis 30°'.
In a variant, the joint 26" could also be mounted on the
platform 50 at a place that 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
movements of the terminal element 21 that are opposite when
the slide 12" is moved in the same direction.

As in the other embodiments described, the slides 40, 41,
and 42 could be replaced by pivotally mounted levers, it being
necessary for the pivot axes of the levers in this example to
be parallel to the respective 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 pivot 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 also 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 14", provided that it does not coincide
with the ball and socket joint 13".

Figure 9 remains to be described. Figure 9 shows an
example of use of the device of the invention in a machine
tool. The embodiment chosen to show this use is similar to
the embodiment shown in Figure 3, except that the glides 60
and 61, corresponding to the slides 12 and 16 of the device in
Figure 2, are guided on separate prismatic guides 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.
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axis is vertical, for example. The turntable is designed to
receive a workpiece on which the tool of the terminal element
92 which is secured to the platform 91 can perform various
machining operations. It is also possible to consider
equipping the terminal element 92 with a workpiece carrier
that is optionally driven, and replacing the turntable with
one or more motor-driven or passive tools, or a combination of
both types of tool, and performing the machining by moving the
workpiece past the tools.

In general, it is possible to add a second bar to each
gingle bar, e.g. 14, 18, 27, the second bar being parallel to
the single bar and working identically to it. This makes it
possible 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
gsolutions, such as implementing high precision or inserting a
balancing lever.

B3367WOGB - 08/08/03



10u>10%I& () - ! & #10%u& ()-Wre[] J]]]}oP:!!"10% | 109&& ()- 10ZZ 10ZZ
10Z2Z! 2" 109&2Z& () - ! #" 109&2Z& () -

1" 109@2Z& ()-]1]14q_ ) bl ckdwU3P; | 51 109@2Z& ()-!, #109%@2Z& ()-!! #109%&Z& ()-M 3" 10%
2ZZ& ()- ! s#109ZZ& () - - 18 -

' 109008&' () - kddddddg6i 8k_=!1L' #10%@8& ()-'!3"10%@8& ()- #10%@& ()-Z: 10%@& (
)- 10Z 10Z

10Zf >1092Z& ()- 8kl 111 $l, mrrP=!1L" #108EH8oaT8 ()-M ! " 109 T& () - Y&L0%T& () -
10@@ 10@@

10@a f 51 10%a%, ()5 QL EREL 3 Ha&¥¥aFor Obulfdl@®ng) andO8Bgthmmbnt) & O) -

10T 10T
moving a terminal element (21) in a machine or an instrument

including a fixed base (1) defining a reference plane, said
device comprising a support and drive structure with at least
two rigid legs (7, 8; 46, 47, 48) connected via respective
ends to members (3, 4; 40, 41, 42) guided so that each of them
moves with only one degree of freedom relative to the base,
and via resgpective other ends to a platform (11; 50) itself
connected to gaid terminal element, the connections between
the legs and the platform and between the legs and the guided
members being joints, and the movement of said guided members
making 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 to pivot about an
axis belonging to the platform, the support and drive
structure includes an auxiliary structure made up of at least
two rigid elements (14, 18, 20; 14', 18'; 14, 18, 27, 29; 14,
27, 29; 14, 18, 27, 29'; 14, 27, 29'; 14", 27", 29") and of
joints, bearing on the base independently of the legs,
exerting on the terminal element a resultant 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.

2. A device according to claim 1, characterized in that
said auxiliary structure includes at least one guided member
that is guided so as to move with one degree of freedom
relative to the base.

3. A device according to claim 2, characterized in that
it includes 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.
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least one intermediate joint (28) and at least one rigid
connection element (27) controlling one degree of freedom of
the terminal element resulting from the intermediate joint
(28) .

5. A device according to claim 4, characterized in that
said rigid control element (27) is hinged between said
intermediate joint (28) and a guided member (3) of a leg (7)
of gaid support and drive structure, the terminal element

being rigidly secured to the platform.

6. A device according to claim 5, characterized in that
the intermediate joint (28) is mounted on a rigid element (29)
which is pivotally mounted (30) on the platform (11) or on the
terminal element (21).

7. A device according to claim 4, characterized in that
said rigid control element (27") is hinged between said
intermediate joint (28") and a guided member (40) of a leg
(46) of said support and drive structure, the terminal element
being pivotally mounted on the platform (50).

8. A device according to claim 4, characterized in that
said rigid control element is hinged (27") between the
intermediate joint (28") and the platform (50), the terminal
element being pivotally mounted on said platform.

9. A device according to claim 4, characterized in that
the intermediate joint of the auxiliary structure is a pivot

joint.

10. 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
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11. 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 workspace is
limited to an area contained in a plane perpendicular to said
reference plane and to the pivot axes.

12. A device according to claim 11, characterized in
that the machine or the instrument includes a support suitable
for being moved along an axis parallel to the pivot axes and
gserving to receive a workpiece on which the terminal element

acts.

13. A device according to any preceding claim,
characterized in that with the volume of the workspace to
which the terminal element has access being predetermined, the
dimensions, the locations, and the configurations of the
support and drive structure are determined by computation as a
function of said wvolume.

14. A device according to any preceding claim,
characterized in that at least one of the guided members is

guided in translation.

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

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

17. A device according to claim 1, characterized in that

said joints are pivot, ball and socket, or universal joints.



