;e3epL pD@TL “h 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 kinenmatic de

supporting arid noving a termnal element in translatlonHMMmmmmmﬂ w Ltatlon
I n programmabl e and hi ghpreci sion controlled manner within a eterm ned
wor kspace. The term nal el enent may beia- machi ni ng t ool (splnd1e, | aser,
water jet, electro-erosion tooI etc.) or a morkplece carrier when the
device is in
tool, an a@g&i@
force return j oy SERMN BH! ) ) JaN  TN3TR
machi nes, in assenbly robots |n packaglng nachlnes i n measur ement

i nst rument s d in nmedjcal i trumen deV|c
hi gh- preC|5|oﬁﬂfo?FFF8ﬂ|nﬁnven Feifen F%S %8rt ?gﬁ?%hﬂﬁf ? 538 ﬂtcessary
In this fktﬂ%ﬂahmsméﬁwmseapﬁPrC%MQRQ#FLSE sndt avirg uivermingli pdemenhose
gngul arT hpmlEiafafylram@anaiaa/s@ni:ﬁq&d@h&bﬁuh gaogﬁamaﬁnaé ansi pagall el ]Eo t he
ase i s apples [ a eGh eces or for
pol i shi ng \AD‘%E 18 311‘% oﬁf gptg etl d‘ua Pyeggggf}& I%evgc)tﬂdgr BPRGE -
pr oduci ng snall conpl ex mnrkpleces at high throughputs It IS necessary to
have machi nes mtriéafte&ﬁ@naﬁpébér@exmtma@m@é af mﬁbﬁbni@é?mdblng(s%&%ﬁdé but al so
of very f?st t 00l %g S Oﬁ er té)lg ni ée t -1 0- Cﬁﬁp tlne By
means of tRETY ﬁ"aﬁﬁ’rdg ESSEFOW TR 7885 aff h‘ sau paraIIeI
ki nemat i csarmidn maemoshe damisatisfinadupsrated whgtaananlsimmg/vever t he
mai n dr ankagksr Ofedrh@xaapakl, ebrr@ 1rﬁaé10<zloalananr999éﬁoi}1%c@“ st on the

market lie_in their relatlvely rki ng vol and in very restricted
angul ar n%%??*{ ment sensor, user 1néM%€éce for Q”?orce -return

joystick an antenna, a camera holder, etc, in transfer
machinas, in assembly robots, in packaging machines, in
measurement instruments, and in medical instruments etc., or
any device in which high-precision positioning ox 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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- 2 Avery high performance structure which applies nore specifically to
nmoving a termnal el enent 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
usi ng actuators disposed on a fixed support, while retaining the
paral l el ismof the noving el enent rel-ative to the fixed support. In view of
Sts high dynamics and of its nobility in translation in three di nensions)

such a structuye is particular |1 _,suited to,trans ring |ightweight
wor kpi eces at i‘@ehryt ?’éﬁssjf BF@%%%%&%V%F“F%P@? ¥ Péﬁ@f%é%ehpeear g'}soer(*?gnd). '?'he
ori gi nal i speeifitallstouoyiagl aekermingl] odemens gughl a8 HEIDRSA ng
BD}/en?nt Sm@ilfnbé'f',e 7 Raeinphel, Ngs| ackeeidnd tﬂistm&agaah: Ba€oRy i QU{ ati 0{1_- f

nf ort una a devi S_po SS er seto i s
applicati gﬁsxlz%gﬁé]caﬁ oné' g’rg %%E%ngoé h%ﬁssalza{r ggpekdﬁﬁge%nfcﬁt‘érc?di ??Lgn, Y
i nt er nat i bhakepoasin degy=Eesarfofisesirmgym: £taed led H9/B2pEkledr e known
that rel abgihg Retddddls ldiRpFBLIECOA OA f Dledfsuppols , SWEM @Srdiddding cutters

i n machi ne,toQls i gned nuf act uring .del i.cate r kpi ecgs nd in
parti cul a(r?ihfau %T’?fgle%l%&‘es?ff %%Fg?‘?ﬁﬁﬁﬁeﬁ?m ,te J&%\%i%&ggmggs@?? b%ldéel t hose
docunent s sHEReTEt pHsstisiwe ofo isehhiégle dmamigsyang: ofoderemelibity Ha t ool
that are guah8159BdA {rAR0Hee3Aimbhsg604, rdglid wrelickieesisucture is to be

conserved. An.objeci  of .tthe presept jnvention is.to proyvide a parallel

ki nemati c€ aag F%F’ﬁ?&twesl&t iséj’rlitgg Eﬁekﬁ%%s\/éeﬂﬂld}gc&t"gﬁ‘gﬁséﬁgt better and nore
conpr ehengicrkbjecemk dugh daanedsr uakes htavey ftéree tnapaferswex , speed
and wor Ki R@gcBhafi Sithe dialgidad idy BEOHhaS fassdidie Wikkei ABK] N trHROSSI bl e

to program nmoyenents..of the term nal el nt in_a wgkspac 0 vol une is
as | arge aasngb%ggi%?Bel,tlaor{‘d‘n@grogﬁff‘gg}:ﬁgoﬁn| r ’1?@?5#’8?‘3% fﬂ?vgeigﬁyd wor ki ng
vol une. Tdéhehkinenatie rondrissantiopy entnéerpimabiedas gukhnandevicalevi ce for
suppor t i nglcaadnpt OgaledTEb IpoaHIv1R] pert 86 Ntdada TR RpplAcaL 188 fip or an

I nstr urremwlfig?ll Bﬂé NS %(Illé(%tg%i%ns are 3required.

In addition, International patent applications
WO 98/51443 and WO 99/32256 are known that relate to parallel
kinematic control of tools such as milling cutters in machine
tools 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 aa possible, and guaranteeing uniform behavier
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



defining a reference plane, said device conprising a support and drive
structure with at least two rigid | egs connected via respective ends to
frembers gui ded so that each of them noves with only one degree of freedom
relative to the base, and via respective other ends to a platformitself
connected to said termnal elenment, the connections between the | egs and
the platformand between the | egs and_tRe_gui ded nenbers being joints, and
t he novenent of said guided nenbers making it possible to nove said

platformat will within a predeterm ned, kspace, said.:devl ivtd
char act er i ze@ihbng hatréfememder Pﬂé“@naﬁ?’eg\f‘{f‘é’lt':&r rﬁ‘_’ﬁ‘gflg e énfcﬁi%’}i v.ot
about an axj s ggﬁgggg%é&ﬂéﬂ@ilﬂhahtoleast Heves wdedet 1ea8 BPTRES]T Jdtur e
i ncludes an auxiliary s rLl_gt ur gegu@d&i & JeasiealchOofi ghemgheNast s and
of joints, IRERCRYVGNSE Ase I n epeggentl of the | e@spagxerandg an the
ternminal elwiniondyr esel degtes stic STRRGSE 5?%?%’(*? on in a pﬁaﬁe .

per pendi Culg{sgfe%ta%doeﬁé:? asdo Gt plak Ehrnhbt ekl asmmecerdi R §Mys at
an approxi mat€ely constant di gﬁg@&,{er&%aai Hewbén agrodiefsedndi thet he

pl at f or m t heTgHBYt SERERAbvelent, so as t nsery TRERYs gsenged on the
ternmnal el gi@ftormhand beswbeBars at99p @&ﬁs%’gﬁt?‘u a?dg auxi | i,arP/ , ?r ucture

may i ncl ude.si 1Lga}Lm;prtl_@leg{a‘\'bﬁie‘e{em‘an*iiﬁrsai::ik;‘aguiid'sagui“@l'é‘(‘élmé*‘?) Tk ve with
one degree © 1fl're'e omrelatiy dtﬁlébﬁom% Wit 1b@k Bip0s pidetiegminkd
device to i RepaHRleEEh &N 6r SAoVi g  he pl at f orm.al gng ap, axi 5, Rkl eb 0
the pivot agbskepatde sadnidearcel gﬁ%‘ﬁﬁg}éﬁﬁa& AS“bel ng conbined with said
auxi liary strugturey. Sad,Ghigisl bilamynst regiivas mdpputnaPussl ft PSR “he

i nternedi ate j0int, vvh% ch na%eb%ug Q'H{ogna Qifiive Fraucatirkesstlwdes @aryi d
connection &%e Bt PERRETOM i g on P egree of_ freeqom %11 k Reei St land

el ement r esuhidingakyoatthecing aRded Rt 8Fj aF 25 e nggposm%r\e for said
rigid controlg g,loqt;t;g t 82 P6nd)i digathebhwecindep endantdivmedi she 18F%t and a
gui ded menber of a leg of sald §§gaﬁ%&ter‘@ﬂe dr i g Bidrtc tharee wheseer ni nal

el ement bei GG § sEBRr e 1o T he p atf?rm andai'c; a?&.isngs%é%@é@ for
the i nter medpad-eqidiont 1inoabplamfREFPHILFUPHi W T oot - 4 which is

pi votal |y rmmy%}gqi@ J1he £Bkat fefams adwayleat e RPTEHSALRLY FRPEEIRFI ant
said rigid control elenent Ry pes i Rewgeansehs prdteforedi at e j oi nt
and a gui deddhBrdRAe JFR PBY°of sai'd support and drive sifdial Wertkheon
term nal el epRnbudteiuty fhiev opaPMSTHOUIR &F &P CRESFFAtform [ n anot her
variant, sai ¢yLi g Gont ler@henenst i bs iugednsdedd¥nceRg 3Rt er medi at e
joint and the platform the term nal el enent being pivotally nounted on
said platform In one enbodi nent, at |east sane.of t j Ol alhy and
socket joints, anfabdiaiueddeart SERHCHITS Y ARSGRS ?g %%)%Qé%?c’zrgé Pglﬁ.ch as to
enabl e the t giivaal LRhEMBIgdi@etwe RR LhreeveliWidhs CBs SeBRES Wt KSPHGE ™
extending to a V%I,ume de{;férg By bRengNpbadikie dort hbemdeeieatse of said
gui ded nenbere 3 VENBThe? emtbodi ment, at ? }mtﬂo‘?ﬁ gﬁfn the MEE KA TDe] 0i Nt 'S
are pivot j oiineudehmepns of OB EE r"'rEj‘e %ﬁg‘? parallel, and the workspace
is limted to.Qni¥ @aveeninisesk ivhe ammlpefmmﬂaaﬁ f§388; 4°+ef er ence
pl ane and to the pivot .axes; it ' sthhkeuter the machine or the

i nst rument toc?'ﬁ%’lxlﬁﬁlgw&%isgu%%#rltmgﬁ%ltm%ﬁ for being noved al ong an axis
parallel to the pivot axes and serving to receive a workpiece on which the
termnal el ement aglisi aMahilousy estogditers yayf inadude Rt et G5t RES; ri\éen'%:i on
are described, bel ow with refecence; d4e meceoppanyi Higint aguradnat ileas

drawi ngs, in MF%’H‘!“E%%& é‘oiﬁfr:é gﬁlél\?er%a\’el erroggci%%i YEeVhEYE &S &F firestiom

one rigid connection element cO ' e
of the terminal element resulting from the intermediate joint;
d rigid control element to be hinged

and a guided member of a leg

it being possible for sai

between said intermediate joint
of gaid support and drive structure, the terminal element

being rigidly secured to the platform; and it being possible
for the intermediate joint to be mounted on a rigid element



enbodi nent of the device; Figure 2 is an overall perspective view of a
first variant of the first enbodi nent; 5 Figure 3 is an overal
perspective view of a second enbodinment; Figure 4 is an elevation view of a
variant of the second enbodinent; Figure 5 is an overall perspective view
of a third enbodinent; Figure 6 is an elevation view of the third

enbodi nent; Figure 7 is an overall perspective view of a fourth enbodi nent;
Figure 8 is an overall perspective view of a variant of the fourth

enbodi ment; Figure 9 is a perspective view of use of a variant of the
second entyHichedf PhHVALhERiTRINLES Ongklje platform or on the terminal

element.

In a variant, said rigid control element may be hinged
between said intermediate joint and a guided member of a leg
of said support and drive structure, the terminal element
being pivotally mounted on the platform.

In another variant, saild rigid control element is hinged
between the intermediate joint and the platform, the terminal
element being pivotally mounted on said platform.

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
axes; 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,

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 perspective view of a first
variant of the first embodiment;



Figure 10 is an overall 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 a joint that is necessary for operation of the
device to which it is attached, unlike joints that allow internal nobility,
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 diagrammatical |y show support ~afd-drive devices that are suitable
for being used in a machine tool) an instrunent, or a robot, or else in
sone ot her typerduw®rk imeh Beerall hpasspddrivexaipweoras ass&ai! y machi ne.
In a machi %%foggméﬁ@nsferri ng wor kpi eces, the termnal, elenent may be a
claw or a suction cip, or sone other type of gripper nenber. In a machine
tool, the term nal elenent may be either a spindle carrying a mlling
cutter, a mllipggubee! is 2 idllevatfohiview obrkpiac@anctasri €he ®ddondr el se
a water jeteg%%\éiigghta | aser cutter device, an el ectro-erosion device, a
de-burring device, a’'sand blaster, a painting device, a polishing device,
etc. The machi ne may be equi pped with grippers and with nmachining tools on
board the term ragupéeseid ,art Ferfllnpedspsciti yeevdlewebehaadhipd associ at ed
with an acté‘%%dq;ne gssi ve tool changer (i.e. a stock of tools and/or of

wor kpi ece carri ers?, ‘I'n the enbodi nents described below, in order to

i nprove understanding of the figures, the termnal elenent is shown

symbol i cal |y byragiieéos 1odBn Wlietationassewi ot athd it®iighly ehbliment i d part
referred to as a "platfornmi', the platformbeing part of the support and
drive structure. However, as described bel ow, cases axe encountered in

whi ch the term Faguseehele an gWsmsdddrenspeet btaitvievmnofi 8 fodebhce for

pi voti ng abemdodmeaxi;s associated with the platform Each of the devices
descri bed has a reference base 1 which, in nost cases, remains fixed) The
base is generally enbodied by one ox nore plane surfaces connected to the
bed of the machFAgurpuf Hatanr AVsraliePBASRESHI YR CESW wfy 2avapisnt ceff ved.
However, itthe mmyeht eAboflbmedthe consi stency of the description for the
surfaces to define a Cartesian reference frame on the basis of which the
axis x) y, and z of the workspace are determned. Below, it is considered
that the axes x FiAurg 8fishe werspesitiver ¥ievcptcude ofe aavardefitnefl te t he
pl ane of theebfse ctfbboliifefevites mitthimeatobhe axs y is parallel to the
axis of rotation of the platform The devices shown diagrammatically in
Figures 1 and 2 are sinplified devices, in which the nunber of the elenents
of the structur #Liggreedfced. amHesilids paserenbi ve aridre aff a/eeedndy t he
term nal el eaenint ®fNe@heasikat gemisdidedit ©Xampkedevh@d. can be achi eved by
the device of Figure 3, with the other dinensions renaining equal, but the
reduction in the weight of the_noving el enments obtained by sinplifying the
structure opens ¥ thEsBroFent syt if FReySeEMf tronkisg Jeigt"f be

appl i cati oneséd whidedsigheeksaofolst afhay iidEneBREELBYCEsr opkrdtiheosur f ace
of the plan ibOh ot D dEVE €85 SN drgF 1l a prismtic ide 2 is
provi ded thglflgftzeevrljecgt itlc,)i H’gégﬁ %ﬁa’féhas odrrllgc,ldegirﬁigg}_c%fj?r S0 a‘ltna&'iow

transl ati oninEPERRh ebddiFfesea- &ikan psirpRdcwhtR tvekalls angferred to
as the "x- axéleét jEAmtEOREr 168 ¥eds Sridlahal aad duekeap®untiagd Guat he gui de
2 so that : el..des. LS: I Is nner enabling themto
be noved in %gg ehnlt hy ggmhégcﬁr%fhéeé)%{ygﬁg%g ﬁéQQQJa;lﬂ(rl@%'. At each of its
ends, i.e. on a line which remains substantially perpendicular to x, each
of tBe slides 3 B fAgoaeki @sagramineddcallg sBekebuppbit Salﬁ% d‘}_i\e@'dch serve
as abut ment S n.r.eceiving,pairs_aqf, rigid.,support
bars 7, 8, ?ﬁggg%ébqgeﬂr%&s a%fg %‘ﬂgt%%uiérjgf% bseulﬁ%'ortse arlg ?nm?%l‘]rpecg:r i'ngR
respective pPBPESUHINtHaldr @ndobeEke?T jRhgf sim) sowme, ohhayi tigpa gf atdudr m 11 to
the two | egmatnin®d dueH @, PEokSeRbmpas S ah aMbeRblFhRatiPnbar sp,pf, each pair
7 or 8 are R\ggferatk)g%ﬁ]%arallel . . The (?I atform 1l is"shown 1n thi's exanple by
a rect angul SFCBHER FENPEEFEHGRI WO IRNSGH s TP L BTRIR?} Rl apritoMayhe

bal | and sobkea §bimter @ su@tabneawp, ofr idegnec otherstypaecobadtimnd socket
joints 9 or mkRp [NTED at i bl |_ar

bl ock shaped volgﬁy aﬂorfﬁ%t ﬁ\gcglllggf %gglllﬁﬁ@?ﬁoe\%:“gg%l\é%\%bg#pﬁ%#e‘%]}q%ylﬁgbalI
and socket f‘o?ﬁf%&ge, %“iyﬁné’aéhmbgﬁn%rce Yiskced Biliiagruhemt 13 Fiddat is
parallel to the axis of rotation of the platform 11. The platform 1l is
fixed rigidly to the body of a termnal elenent (active or passive el enent)
21, e.g. a spindle carrying a mlling cutter or sone 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 freedomof the platform and thus of the term nal

el ement 21. This structure conprises 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 freedomof the platformalong the y-axis. 8 The

pi vot bar 14 is hinged at one of its-esds via a ball and socket joint 13 to
a notor-driven elide 12 organi zed to nove along the prismatic guide 2,
out si de t area over. which the_slides 4 for driying.the legs 7 and 8
can travepgtitai??%%ﬁﬁﬁggfgﬁrffgrbt%%r'éﬁh%@%g a Hgfgrdﬁﬁ:sﬁ%leeﬁ int 15 to
the end olaaer fwiamt dRyigecupedeleFHTRr S50RLPEr AeYican fiejuting

| aterall Ydéﬁié\éj \éae stdmaﬁl ehast el Sacpaintginaldeni cankaspol 1 gl hieﬁrifc@,h
conserve, r oughout rkspac ..t hat ye e to the

nor mal befwWigen ! e m(ﬁcﬁhéger%ﬁboggt %%u%e?;g}a{%ﬁ %gaghgfﬁeé%%?&rﬁq%al el ement to
cause it m3chinbrg hngde omebgarfobheftemuinal gderenipndei e BWHIOghoN | ne
pafssi ngdt ar anlﬁbl*f]éle Heald, &li'danQGKE&téd)ivi’ﬁtlﬁx bo akdids. of@&ﬁwﬁdon i's
referred to_Ln the remal nder,of -t S vak ar_sti ess
{rack ng” SPoRRE B Vet Aoek RRacseEs il 8 B8rsBiet Yafidrd
performance |l evels that are significantly higher in terns of angular
strokles and of Iﬁiﬂiéﬂiélzrﬂ:oﬂh&&ntboaea@ﬁiﬂéﬂlﬂlbﬁ,pﬁ.hobrdézviwsim]:ﬁ)bv}éa_y of
exanmple, in [ to ke e t.or QHQF a8 t ngul ar_.pasi ti oni ng
of the pla P%%%?iﬂé%%%§$§ﬁ%gb§égugﬁgéngp g??nn&%%éﬁﬁgggng2£? i %@%econd
enbodi mrenteyshehicahl ¥Fikyuree ™tegk bedyt wivbaly i if @ssegipsadsrbgidhe widdgul ar
stiffnessgt ﬁ@%ﬂnﬁér@r%ﬂrﬁf@ﬂ:ﬁt he devl'@mmfmtnhe thav piht fdxm Lpeﬂ{@ ain ?
variation_jn,.t onmponent_. of t .esul t orce.acting in the pivot plate
26 and peFBeRdPEura bRy £ ar 08 et Ao KRRV EE, 98 ' s i i mum
val ue, fordeseaibadbbel o nisiasn SrPoRPNEPENER AT AR M ght Shef terpindne or der
of magni tl#ii%m%ﬁﬂ be r@@hﬁié&fdzrv\/}thlé phJEtﬂéhervﬁTm)(ﬂdV&I&ESdeSﬁiirg@%@ n the )
present a i.cation. . Becaus t et joints, an espite the
fact thatggﬁggb%Plaﬁk% %ﬁ%ﬁé%é%%% %?tggé$% 5%%’ on a corner of the elide
12 that is itself placed in a position that is symetrical about the guide
2, the confi guEathof dase rddddedodesapibed iala eFedtegteehase f1 eedom al ong
t he y-axi fath .Ce.. U S ral ¢l bt ay he_sj 18 which
is 9 hﬁﬁﬂggfagngﬁ%é%fc? {y%ﬂﬁﬁyaéﬁg gi%%?I gﬂggggg%éégjgghggigﬁio a

not or - dr i \)%‘%’%‘Ilieéebi@%? RNV B3 2RV BUEF PRSP FPHaated toglihaebed of hat is
rectilineatheam@chhiag, Nest anerleQree the basedauridvd (Hnwagt h0Bo Parallel to
t he gui de al j sposed . : 1..Th r 18 is

hi nged at %I?égt'heé&é%dé €1 aa Jb%lﬁtsggﬁggéégﬁg q}(%él %‘%3%? S Keogl ggrr%nt 20.

I't shoul d ¥ETHEELPRECY Helte (- i5aes SAdIehbiReta jGrhesigniseference
necessari | fravey ent oheebamimtet] vorichhehel axkatx 207, buid rablieehet coul d al so
be mount ed, (i dheePhat f QL0 ki a0 slliByt 5 81 1@l - Gl HRMe Lnal Nl fe

configuration i's sufficient to provide %gll control over the positioning of
the term Maf*S%erefBft 22T t 1% AR TROPREP 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
applicationg in which precision is of prime importance.



It can be understood that the slides nay be designed as trucks driven by a
not or whose drive nenber nmeshes with a fixed rack, or by a ball screw, or
by a chain traction system or else by a linear notor or some other neans.
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 anplitude that depengs7qn its construction. The ball and
socket joints nay 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 term nal elenent 21 exactly not only

at any point withhiRedsRf S48 JHTitRRIPMIAK SRS KXW e ALFOcM tHowh in

predet erm ned an term el enent

qular ositjoning fox.the aXI(i%&)fﬁrEﬁ gai

about a pi VtTUEEits 2 REEIPRELA AN 2t &9t RECVASE Fha%, in&e5habiBe® s the
auxi | i ary shatudiasr eng2degre®, of Hyessloanbhytramplationy tind phatform 11 and
the term nale SlMBRAl a21lai SrSUPRY RAVRKELER, | 8Srdiarbe Y abOEREACH
position of Ih"e slides 3, 4, théere.renmnin t\/\g ‘ge rees of freedomfor it;
movenent o¥%tE 'R citWOUMIFOEFLFI YRR ﬁ&*@ﬁéné §9° 1Y T FMAG AB the

paral | el oggebhde 2, =& &hdtrodveenent afolrheanlides ain armyuldeds iof arot ation
paral | el " t Qahher VeI nBNEhERT ES VWO RGVRE LRAEPEndent 1y i UnELaght bPRePEt Ween

t he planes forned respegtively by the axes of the leds 7 and by the axes of
Lhe ege 521GMbaia o 20ahr ccY (TA9 GdaghEaPBaBont 11 1l oLdce Jhbgitt e

rel ative pushéimnsupistaheisllyepedperaiguleratony. térclprofsmie slddedes 2,
23. The poghai PN i dsewBl baTRiditd HHHRE Eagnﬁgesle@%ﬂ%}f)fsetr% pivot bar
14 and of the side bar, 18 determ ne full he wor kspace that the termnm nal

el ement 212F4FMeRki Rnd doLRES R iR Ph EFGEtEAY9 RHEFH@TdELd®®and 23
are paral | ehpgortddsrsb, Bat thel top tdrels Mytalaspa_bes tb & posgpebritn bany
direction of tifn \PAGSAL LBEYeTRIvODAE/ed LTI hA Yockdie j3likdessd. 4)

and 12 coul rrg al ong seggrate ui des. In ardldltlgn’ %ge rec¢tilinear
prismatic ¢Or dBE"ERG & BEAFERFEcEH 1Y T &l HFIRvtnTBE IRX &7 RAVFRg one
degree of fifebdosn7 tands 8.f oThextwplkars g shicdepalranhdod &aued be repl aced
with two | gvgks oy Hhddhivel . aXghe Pl it 1 Yo dR6wS! 148k’ 2ghp1f MRy
be repl ace§wvv|th | ever haﬁ}nﬂ pi vot axezt posi.ti oged In an vva% T}?le | evers
may optiona¥l § B A, PYERE YRS AL "‘\“@H!LaLPEs 8F§‘6ma‘b‘b‘ly"§f"ct all of the
ot her enbodiawenes emzl ofatihgnballhand aseckidsdoiibsd Bel bov. aByeawy off ieranpl e,
Figure 10 shewsra. SeAangavar Laat sQéké@ef‘cfi'rft%t 9eBROGLHNRE, sTQwhd n Figure |,
and in which the slides 2 %nd 4 arﬁ,re aced with Ieveis 3" and 4', the
slides 12 &&&“E%e%e%ga%a ACEQHPh® | B e CFF IR 8T 1BL Ok RRARED shows a
si npli fi ed wanmanet ofhe ipd aduform aty Brovciad dioveverethat sthenbodibaddt . |1 n
t][n tshvar! S&tng hhexéeptfuﬂ@g \é?n ésl uﬂesaéﬂ';%@.&d 2kl p%tctaheoﬂ! avd%tm@h%g' 22'“ d
0 e ai bar re no on_respecti v, ri_spatic_.gui de an

that are rectrl Fﬁ%‘érfs tqﬁaﬂﬁgget&‘éﬁﬁeg e ooffe I%’F@%&SH) °5ngh‘=f I*élta%c’érm

paral | el tdl-heTheipkatform &1 dnghinedyripisiliy dipedbal badytd® x-axi s, but

rai sed so asrmdnRE &1dhdited a2t ivaMBrdpsianee daldratchhg1z-axgs 4elative to
t he pl ane of .t base 1 Theselqm des gg and si tuated on ;ther
u er ]

as . 23' ar
si'de of t heRIBALECERTRIIAR Sl id: PYCEST oI SRIIQEREE. TPRARY Wt t he
confi gur at iasWl vhosheagisg defs r2ragign2pay beansrdeaioe pofithened eieeny?20 is

not necessajady k@18bLdt Nts e AGkEbymangul ar -- 11 stiffness tracking,
and the ball and socket may be nmounted directly on the platform 11, of the

ends of its top surface. It should this variant, the bars |41 and 18 are
bot h driving th&heideviery umthiex donlvdesiary avrd ldlegygsthecyusxivhighoi nts
15" and 19'cditebgeabh¥ @lo ¥Bidual 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 bhar 18 serving to control the

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



noted that, in involved in degree of freedom Figure 3 shows a second

enbodi nent of the device of the invention, with the sane diagrammtic view
as in Figure x. Many of the elenments described above can be recogni zed in
Figure 3, and they are designated by the sane references. Thus, Figure 3
shows the two prismatic guides 2 and 23 that are parallel and angularly
positioned along the x-axis, and the fwp slides 3 and 4 that play the sane
part as the el ements designated by the sane references in the first

enbodi ment, i.e. supporting two pairs of support bars 7 and 8 by nmeans of
bal | and sockeFhpoPhYat Pathd 46 15 HARIBR 7t AN ppdits 5888 ¥aRr§ibrRiY wo bal |
and socketarjdisdbtke8 96idt Olatcﬂmectnedoasdrnvd?m oulriadel 1120 drganpkadafosm 11

secured.{ Guiie 8L BAL AR 2 dus BRCaCOBM S1AD leg! Boer 62K 01

supportin thep orm as ipht |rs }fethe
auxiliar yg%*ter FlidreE ?héi‘dc%rﬁ‘?‘bldsr‘t"l’r’é‘gt ﬁBer%%‘i’%lu'bla%@r é’é‘é‘ SFaV?%edom of
the term red :&i wmghdZéltdi.tté esthefy @nd keaaaxbalhrandtgaskettr gointthe first
enbodi nent,, i gur | t 18 Rjvot bar 14
and a side (b %nﬁ QE g %lé%‘ge@? 1%%{&5& %gct%% %A\}?Oﬂggectﬁeel y al ong
the pri srm&mﬂegml@s ia‘éﬁﬁahllbn@elét&ﬁﬁesﬁ'ﬁﬁifetﬁm denbes qwfa%ﬁﬁepnu dent i cal
to the n’aﬂﬁw{est.S:Cpbbﬁdbl\étﬁbr@fﬁem‘i&e thrbughset lthd warddipaast , ahor

O oIl dRaOLEDGeRl L5 3ol igs WMl e il iR BR0 LIr Be

rigid nmenber nanel y E rive a-control bar
27. The pi9btths aftoc;czgap ing n‘@}édﬂ}fb ttem\iﬁﬁat PORRPON &9 £aSs AtofOaxis 30
paral l el tpivdie uhadex hel ActBoshivtlien silidef D2 nand €hd rgm%mgtmm shaged

el ement I i e ri t ts 15 and
S0 Tor i reiasiny, SERCLON €0 LERS AP difabifobits £ amPRNE, AT 1o
which is hPF@,Q‘%FttYo igh&eEBAFRS| tPatn 2:'}1'3 ’Fﬁé‘%f‘ﬁ%? ‘éfﬂdthe degrriptipReagont r ol
bar 27 is mailed \sitd f&nbak| trackigpclodt thei pivad @ﬁnﬁe,in’rId ae Hakebs the

slide 3. T%u_ﬁeécggﬁtﬂl%n gf ak f?pgollgnt s Q)Q_Jée& b@i%t l% éhe slide 3 is not

deci si ve. socC urt er forwards or
further bati@Rificangdy higher HP Rt °fSPﬁBPéPFySt¥W§9%eﬁﬂCbrC§f of the ball
and socket rigidits,y 2hatndhdbe NAYhDeveaD byt ipaiied deywbese wWithin the vol une of
the pivot plate 29, but they nust not be situated on the axis 30. The side
bar Z8 does not_ necessarily have to be connected to the pivot plate, but
rather it may Y *G¥nef&t edarBlanyintarsieretenkfer ofhe Heoxfuser device, so
that novenguéradtosgirighehy- angslas phiitiiredngTheé tRenplatfetenmnt is fixed
if the Sl'ggﬁséantdﬁov%% %“Qné@lﬁem&h&%ﬁﬁ' \é%lebXedtﬂQ% |{q respective

a

pl‘lSI’YHtIC% des enent either in rotafion an axis

paral l el t Hient, sthPét’ﬁ‘s Aat FAaure 3 ieakesy R§p§€€sh’a§rebé)¥:d‘?ﬂ% éd by
acting on the haioprlart Eatfdnese saackiig'dexopkirgyr ef4tlsé10&@vj&:é/aifl aRk
wi t hout | a&ﬁo@ﬁtmewgb@hhhs sgfﬂ@&&m&d%n&o@{; Qﬁj s "aR of the

i nvention. ossible to.see sanme support h two | egs
nount ed onrf’% ‘F ef'?rcﬁn&cf:ﬁ@gséﬂet%ﬁll"i%? BEOoR 9 send eeNRens iy Lak
i nt ernedi ate fle MximS0 pLt balpr esedrekpteveotiondabsmiBiaat sealafe,t Herabsence
of the sidgadénands ofi i i8hdeehar 8 adipRient s al ong the y-axis are
obtained in this exanple by a relative novenent between the device and the
means for holding the object on which the term nal elenent acts. The term
"right-handed atebulefst ofanhtiedbadevoxdemmi a'iagnibadasesln H>é1 didaamganpl e)
the base lyggrrigs @crﬁem@n@oaagéﬂey&ewﬂ% 191%}61@ g three slides 3,
4, and 12 are pount ed. To avoid any uncontrol |l ed t m)verrent of the
pI atform ERBLIGREIRR-s of one of the pairs of support bars 7 or 8 nust be
connect ed toget her rigi dIy which is the sane as replacing, in at |east one
of Lhe 1 egs, t Nedillde Ofe RAESHUA] Naf St SLEHRAY LRE bl Ske Fnd caSt O

one of the Ie S
fac 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



socket joints are replaced with pivots having axes parallel. to the axis
30. O her configurations having two pivots nay al so be devised. The
auxiliary structure, which pivots the platform 21 secured to the term na
el ement 21 about the joints 9 and 1d, includes 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_tge.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 conbi ned _so that tgiir Xes coincidqf Eh%osgne
appl i es thihded jati ore ©5 ahd 28ds Fyifurke PRish PACKRE TS des “Phe ext ent

of the an%{:gf_ VATE R 1HRat st begaitdd any metveuslong zaprismAiic to the
ner e

pl atform y mvi n he. sLi g8 bhe s¥wrendgpositions 12a
and 12b. PH&dBO?te ilﬁgrggss:%?%%%éspéﬁdtzﬁgﬁttgﬁtroI bgr:% are referenced
d

27a and 2Zgeedtre ithitwhralesdiomenParakbin % HHyFrads, 1< Tromthe
enbodi nemd\,\iﬁpgﬁ@di {h RiMreir¥ alcler 8E| yhéybddwe conflhgubari 48 ¢ Ringgst vot
plate 29 .ch, when the alide %glién&mé’é‘éicéﬂ"' jiiatsapetdi £r6tésmerrauses
an opposi & F59eRBRET 1 Nl a}P_orm conpareq With the npy "fginé)flet he

pl at f or m ofo.t hatdekoekd dfe mRARLEigd FRagy angd, SeCkBR{ gtf ation makes
it possi bl g t0,8Pt AkBe PadtiGH ey tadbantageoud wpahst eAgmeshd?®i dH: | n

this exanple _ too, the rmg nal,_el 2dni Sns e adid dhdby bA the
pl at form 1115‘,”§Ed15ﬁ°‘d{[ t$e°9 oblentngégglr@%do%nt he E%II and socket joint type,

except fortddweinadi apewenfo2ht 30 via which the pivot plate 29' is hinged to
the platform which joint is angularly positioned along the y-axis. In this

exanpl e too, the base plate 1, car,r] 10 - r DI NREbEE g6l des 2
and 23. The twdhdp 88?939%1’5%“4” {d BRrERE;bH0 Bardidvla T

whi'ch ‘act 1 n_exactly the sane a he
slides 3 anded the BogitéoBingeohvihft &%nﬁﬁeei?‘f‘ 1t “3\ﬁ°d‘§\ga§¥t\/|§%é bal |
and socketwgﬂé’gﬁ%é, 6, they carry pairs of support bars 7, 8 - 14
formng two parallelograns and defining two support |egs for supporting the
platform11. As in Figure 3, the | ocations og,éhe bal | an(f sockee&t a’ oints on
the pivot platert2®an denundgsere?d £has Sed8d 1 EA%t"TheS® ST B s tuat ed on
the axi 2 3¢ruéis a&%ﬂ&érﬁ:bx; st hugbﬂ][@hd\ilé hitive mieg\bdrniﬁbbq‘-% wiktdh an
intermediate jQint is also to Upgl, | WS 48 et rhloveMersydtiaa,
assenbly i 516F8a¥ﬁ‘%d Go Phit btaﬁé IQDI vot’ n%%/?rryrssr?t églfmi?t he platfo érlé 11 takes
place in the dlseddycn e Metes PRePNS &N TR RN cﬁa%ﬁeo I_alﬁef or m of
t he ﬂevi ceggquwgnansgé]@gg qicﬁrﬁ;isvet,ss, | 9, ch:.s Gasés.t gé,shhgela(z)l‘é:i@%unt ed
on the guide_ 2 so as, to Ve e j Riled potBeor OFHAtgUAL | ON
of the pivét PiFaFR 9&° %%g:lo?n_%‘g?pps%?gﬁirig%% gtfoat he & de sbar 18‘_b§nd of
the controlcahaneg7abein@rhdyes $3thnap FRRLLTIAR Bhak 8°P5AIRI V3t BEt ween
t he suppor tc@itsuét idnVyartantbatlt hadt sbaketr aj oimhsemant bef ofhhdevi ce of
Figure 5 i s _shown i_Ln.Filg‘grte 6. This device can in fact be considered to be
the rever se OV SFR&-daot Wn in Figure 4, in that the only difference
relative to the device having three degrees of freedom shown in Figure 4
lies in the positki 88n0be tigdéitiod3@hah the feeideorafi Figpzeed WRY PR he
pivot joints 9 and. lq..lt_s debhabai i &Y .ahdftd kRene¥abpties
shown in Fi @?ﬁsetsrugtteg %%1 ?h‘ggll#é%,gg‘r%ptagcke B int 1t[5]ﬁ,coultdo I1 oapealfl' xed
to the bar pFsitppingeqtt hae FermfiRa r‘?atemEB n%?dﬁxw the b%l_& and” sbcket
joint 26, Opoirx hii&rhar alBrefeosimioded hatckspadeesynotute iR @B 8h t he
ball and socket joint 1'7 i Kehe) 8kid &8 lcdrhentl xed
to the bar Rﬁ?é‘% Srined F‘Hﬁ?ﬁ?y&g%%?lr%? I}%oi%%gi de, 8 L1, e, Ball, gnd sgcket
joint 13, oelementhabsat 27pippbvated thak 4% P&E@Slﬁ%tt%oﬁ' CiXdE Wit h ?ﬁe
bal | and sogkgtahfidte 26 tRenblirilyary hetmtiread2sbeke? . jWintasspmPdy be
fixed to the bar. 14 rovi de todt LAt deembpth 4heall and
socket j oi nFOTBrigirg B:l}ehé’ Bgrfggg 1?%%?%??%?@??%%&%& goj,ncide with
the ball anduspekesd jmt thepdegs 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 corregponding to the



- 15. Finally, the ball and socket joints 9 may be fixed to the bars e,
provided that they do not coincide with the ball and socket joints 6, or
the ball and socket joints 10 nay be nounted on the bars 7, provided they
do not coincide with the ball and socket joints 5. Wereas in all of the
exanpl es descri bed above, the termnal elenment is secured rigidly to the
platform Figures 7 and 8 show two exanples of a fourth enbodi nent of the
device of the invention, in which the tefgninal elenment 21 is not rigidly
constrained to nove with the platforn1designated by 50. The structure for

supporting and movi atformi exa a.structure
of "the type. REERPBEELIT BEEPER? SHERPOSRH AT IR TREPFCSTEELEY (L. |
structure in amsischfthe tiegce? bard @Ydéb?e%‘%esopff ko doraso® - t h'éhefﬁﬁattﬁer m ar e
effected in phigalekel oDIErickdchasies c@ntiblbel rekotidriyw eheekeéasiva0, 47., and

42 moving al gog.; teansccsf ¥Rc0BeSa& 1t2h'£-16§ p@ra%hslupé 'p%_imaelatgxﬂee 43, 44,
and 45, and each act ulkeel n%lla respcaqc tb %‘Ptg ﬁ}S ort ng t he
pl atform50 sv & °to- F&OPRrA I8P EWI ﬁegﬁ%ﬁﬁgp 25 ﬁ“\% fo the
base 1. Each of %epiwie@ahfegé 1d tdfe the rﬁﬂcimbérdb%cdﬁltl?emlns fwlyethey a
pai r of suppokdrkdpase 4hatd thedBettiiigldeyémertabh aag weket joints to the
slides that carry them and on one side of the platform The structure thus
has three deformabl e parallel ogranms which hold the platformparallel to the
base and make it PBsErbISKaTHlE FRAM 4B FiAfedt sthe S4iSR8| At #wh 23f athe
platform t hr opapwiielt geidesr, k dphceatpraligethey mayhatseanplisposde iner m nal

el ement 21 isafy ngedct fod R ehetaf.-esaa R alégame,r béu&l&\% t ogphyRfrigbout an
axis 51 assoc at e th3 t he pI gt Eh auXxia.l i ary.s cture.that _rmakes it
iHEb oy Pl 2100 i

possible to c Wit o M oY% Wicvdt SFRrTdHt PP ndfiner
about the aX|§d®f1@6wp¢1il%e’§calﬂaFWr ;ﬂr&F@a'ZJEP gb‘llsieﬁa‘i:q‘-yldr’rﬁ’an%?e@ilaa{e‘ﬂone of
its ends on the pt:e;rom:hmajr eheiredt 1@deds0 hpivimmg catleodegase adf $rd8domand

co-operating yhtd «mlg Rlm D, lﬂe @me\y aha@d QORLLPE @@ b ace%—hﬁ.tr?li vot bar
14" is hinged_at .one of. its end a motor-driven sl Iﬂ’eo can nove

along a - 1B"° prSvERE(FVG Eévﬂ'é aa’?ﬁ:? P?r?ﬂ]ne&e&° a¥ ' i 1S oehdfeRnd @5 he
pi vot pl ate 208 maghdecrep¥asiedomitR 7 eviershhago @ivoheawsds positbhoe®8h to
the slide 40 ang way.hi ﬂg@dleaieriat BaPidifth ofALLY et hletafadﬁv%Q atha pl ace

that does not oBOGIAS AL IS X301y LE Aha/ BELED ol QLoD coul d

al so be nount ed on t EI ace eS not corncide with
the axis 51. YHE'FWS SE?Faﬁﬁesd?ﬁSW‘?dnb@ Glires 7 and 8 differ in that their

configurations of the pivot plate 29" cause pivot novenents of the term nal
el ement 21 that arsgy erwﬁ teSapea, tMRuski de dibwsl 8 BN ivﬁrE.QﬁtSﬁ’.”E
direction. thgdé £OL1E. d gdgﬂg‘gﬁ dg@ {,geld a%ge S e% 40, 41, and 42
coul d be repl ace Jb |vo nount e necessar for t he
pi vot axes of 5theed é’vé’r'@ 1 rP%%F?Pe?‘a?ﬂ)lwétPol%%e’ﬁaPal Pé‘g 4'oc the # tive
axes passi ng thrauyhst heingnteplscofl virh Ralbrand 'sacletéjoi nts nounted at
the bases of the Iegs 46, 47 and 48. The slide 12" may be replaced wth a
| ever mounted to ot aboyt an axis p ioned i n _any wa t shoul d be
noted that in the&le anpl es” ovvﬁL = %slregelsvainaﬁ*& §§ %(I?Fe %%Ilhlaﬁ’ﬁ socket
joint 15" couFHr'a‘F‘g-B-‘eb@ff'F%cFltr&tt pEbgsHment:  In Siigevarinnt i theoes not
coi nci de wi t hmbher-hliveansil sxekat ' j@mdlt1626of die tdiecbabir ared saaket | oi nt
26u coul d be th¥eghded vhier Pararklnouf S I debfidlive SRESAOL bggaa%dﬁ Wi th

the ball and sogk r ihs to be _descri ure 9
shows an exanp Pé %‘I &gép ‘?‘r‘? tﬁ?c&égﬁﬁa’bf t?’ng PR APRoflegrEe %gﬁ??@“t 00l .
The enbodi nenenéhidadn are Béwad liedi southe igiden? | af. «.0andel artiyodi nent shown
|1 2 Fi gur1 g 3f @lﬁ@e’@icﬂeﬂahléﬁ% tHel stesx b9, &m éalsé‘@rsroeaaowlm dieuhtigy sl i des
an 0 e e.in Figure are on,.s ate pr|s tic

gui des t hat are Par aldlg“sf:a‘twe %ong f%(”las e sfl%te gg {1}6‘”‘ F}308r Pesbhd to
the slides 3 &ﬁaw of ThRee qaides 8P #mé 2% gare ituated 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



- 17 The base 1 is a plate that is inclined, e.g. at 45 above the
wor kt abl e 89 which is provided with a turntable 90 whose axis is vertical,
for exanple. The turntable is designed to receive a workpi ece 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

equi pping the termnal elenent 92 w th wor kpi ece carrier that is
optionally driven, and replacing the turntable with one or nore

not or-driven or passive tools, or a conbination of both types of tool, and
per f or mi ngetifEngaehtraeking, mnd e Ralhorngi e gasiolnys £54| and 239!

gigner2 z7al, ihntayi &epag&hbé@baprmﬁ dif@::h&dpbatféﬁpem,h p“ﬂdmlzagmgr aﬁ_eoﬂa 1.4,

: , t ond .har . bg r to the r [

denti cal 15 £8% F.Ifdgh?g }r%%gts&fatﬁr#gggiebl ewoalﬁé?r‘%%\e}’e‘?bt ot SBRF (0t the
devi ce and*hiF vAzianSe FRe ba%f did'y antha8hedEe i Mt hefimaralyeds inhe resul ting
hyper - gui difigriganche pewdyaly tandd irakcgatesl Bhhg byh& rdsdgreso ot Ep8sdosuch as
|nplenpnt|é¥54y %Eepggg%fépn or inserting a balancing |ever. - 18 CLAIMS
1. A kinemati evi te tTor supporting and programuably noving a term nal
element (21) in a machine or an instrunment including a fixed base (1)
defining a ref @ﬁgufe Pl sii6ws Sa_ﬁiqiaéd‘n‘ﬁw @Qbﬁdﬂfﬁéﬂl@iGdi‘mAftE?heﬁfséﬁﬁbh aﬂdtlﬁjd(éj ive
structure t le t r y : .connected via
respecti ve%‘%legisﬂtog'ng%réré\ﬁff% Aéf%%stf&%aﬁ% gh?“c'ieadg $6' %Fﬁgt%rga h of them
noves wit MaRK ploklededeeents deaquidind abavevear obe eednmd zedndnyi a
reSpect: Ver ey 3enﬁadt @hay Phsé fddadnbtedSby i:llhéeéém@%mte@xh l@ebo sai d g
term na nt,, t onnect i t s.and the, pl.atf{orm an
bet ween tﬁtﬁfr%g?lgﬁggt aeggﬁvﬂ%e‘g&?re °e\re§(i§8% E‘e'cj %lgln?%s dzanad'l 4 %é" Rr"r}}@émsnt of
sai d gui dedrfreRfFerd eharpdganguisky lﬂc@lttéoﬁﬁaea%‘a‘ﬂﬂ et hsat amdl | within
a predglterﬂwamd/m&aaace,aﬁaid ﬂm/dqﬂd?eighg shfe ash £ ibszfd;u'en elltéﬁnteni:ﬁ order
to enable . ] t ' t ' el,ongi ng,.to the

pl atform %lagléslﬁa{ot?gp ?’ %’aghgg?%]%}%_]g%?%% br % ?ﬁchgegf%%t aﬂ%ﬁcﬁgﬁg‘tétructure
made up of 1a%- |BPBONEEHIr EYP PRI EFetft SUPPPrti1Barso? amd 8 ky meass ©f, 27,
gg; 14, 27baPP;ariil sobfet2foin®s; s ldnd &7, e,laah; padr, oR7gupp$rt) tang of joi nts,
earing on ] i_n n t t. gs, exerting on the term na

el ement a ?%ﬁﬁf%ﬁ? VJfO orggggv\%ggé%?lg;te ﬁ'gﬁgi% 8% ?gn%o%%?%eﬁfgia@ullgr to said
axi s assocFi%eEe Vi t4e the plakferm ﬁerf‘eﬁcr\%”eél fay shat termbpplr eliemens| y
constant distarme fdcmirigairet axhSofsseci dleed Wbk stigpetetdprind hroiJghout

t he movene t 0 % . : r termn el ement
that 15 SuBLtanrTarcy oS ARk s SuTATED i TEE. Lo IbNE it

const ant .
char act er i 284+ W%%@&FH‘TEURWF FUTH Fe Chiee tACFBEEduat degysesoné gui ded
menber t hafrésdemice dheo tasmioahvekemdrith 20ndidegract obmf tieedaminekayi ve to

the base. ZrrAxded G *fe0E(L-0¢ é%&éﬂéﬁtz" characterized in that it

i ncl udes neans for noving the platformalong an axis parallel to the pivot
axis of the termnal elenent, said nmeans being conbined with said auxiliary
structure. 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. 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 ig 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



_ 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 elenent (z7) controlling one degree of
freedomof the termnal elenent resulting fromthe internmediate joint (28)
5. A device according to claim4, characterized in that said rigid
control elenment (27) is hinged betweemsaid internmediate joint (28) and a
gui ded nmenber (3) of a leg ('7) o said support and drive structure, the

term nal elenent being . rigidly_sec t0: 1 he phat fisdce

accor di n@ft §bel ‘é‘i"i’t”’r%‘;&' &?ﬁ&gt \éFi gg‘gﬁﬁgdt‘ﬁla% r}lt r?%l?h%%?gggié}é?é ] oi]g; (28) is
mount ed @% anr agbarelem@® qE2shenaldfe| 3- piThe AASRHEINPEIE RS2 h t he
platform (1) QkefNyd t-5f W @heckii@at 3 (2 )not AecAsdeei.ceThedwrldi ng to
claim4, characterized in that sai L Oj r | thed S hi nged
bet ween 194 SPRkeF 9Bt 29 St a?fg" ?ealﬁ rgt?%l%g n@%gﬁr e%t):ﬂ%f a |l eg
(46) of Seidkwanppor andnicighew ersthoerur eSinhkarlsfnitha cERSRERt °befify

pi vot al | y, rpuntad 48Rk Be; Hltd FramaB0)s Ray Abeleptait aredr dnyghevecl ai m 4,

characterized in that_said rigid._c r epenty i | 246 t ween
the int er¥edidt éhjeo’l"ﬁf‘“'('?B?E a%be t%lgﬂ%l gthﬁglramg%’solgl,két eéa?g‘{slr%&ngl Eehlggment

bei ng pi vetaidbedioontbd dnRigsad® platform 9. A device according to claim 4,
characterized in that the internmediate joint of the auxiliary structure is

a pivot joint. 10. A device,accordjhg | T hSRATAF bR icZfebbeg hat at
| east sone of ?’r‘?esjléfen 3Tatd ‘%%1 %q'lg%dntggg%%i% s, ar%gl ‘'n that said
support and the \Eivettr pdatee bet oFAL dF FAYhPEsCPBReHRF &2 /&Yt er ni nal

el enent t g.ROY&lidhddt 8¢ Hheeasieas ddvirre, so2Bhavondeqnmat: exiorndihg to a

vol une determ ned by .the grrpl i tude of the novenments of said guided nenbers.
11. A dev¥c#HecHt dﬁ)"er‘lPS ¢laim1, characterized in that at |east three of
the working joints are pivot joints, the pivot axes being mutually

paral l el , and e peRidsisRACELEfeht Nd eflistedl d4ff aheastodésined:,i 2a phdne

perpendi cylar to said referencs gl ang AN dpetieval Yol @i 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 sgtructure, with two legs
mounted on two slides, and the same auxiliary pivot structure
with an intermediate joint, as in the preceding embocdiments.
Because of the absgence 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 meana 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 wounted.
To aveid 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 game 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



12. A device according to claim11l, characterized in that the nmachine or
the instrunment includes a support suitable for being noved along an axis
parallel to the pivot axes and serving to receive a workpi ece on which the
termnal elenent acts. Z3. A device according to any preceding claim
characterized in that with the volume of the workspace to which the

term nal el enment has access being predegtermned, the di nensions, the

| ocations, and the configurations of the support and drive structure are

determ ned by conputation as fupct,on volune. 14. A
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compared with the movement of the platform of the device of

Figure 3. 1In 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
jeint 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 mourited on the prismatic guide 2. Via ball and
socket joints 5, 6, they carry pairs of support bars 7, 8
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forming two parallelograms and defining two support legs for
supporting the platform 11. As in Figure 3, the locations of
the ball and socket joints on the pivot plate 29' is not
decigive, 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 directjion opposite to
the direction in which the platform of the device shown in
Figure 3 pivots. 1In this case, the slide 12 1s mounted on the
guide 2 8o as to move between the slides 3 and 4, the
configuration of the pivot 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 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

pesition of the joint 30 om 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 doesg
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
socket 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. In this
example, the terminal element 21 is hinged to the platform in

2 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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prismatic guide 43 and is hinged at its other end to the pivot
plate 29". The control bar 27" is hinged at one of its ends
26" to the slide 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 othexr embodiments described, the slides 40, 41,
and 42 could be replaced by pivotally mounted levers, it being
necesggary 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 slides 60
and 61, correspending 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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The base 1 ig a plate that is inclined, e.g. at 45° above
the worktable 89 which is provided with a turntable 90 whose
axis is vertical, for example. The turntable is designed to
recelve a workpiece on which the tool of the terminal element
92 which is secured to the platform 51 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
solutions, such as implementing high precision or inserting a
balancing lever.
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CLAIMS

1. A kinematic device for supporting and programmably
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 respective other ends to a platform (11; 50) itself
connected to said 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 workaspace, 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'; 14w, 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 quided 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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4, A device according to any one of claims 1 to 3,
characterized in that said auxiliary structure includes at
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 said 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
gaid rigid control element is hinged (27") between the
intexrmediate 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 dimensiona, the



10<<~~~{ XY} "?4N 109g6: ! 10%& ()-3 4y10%& ()-!& 10%9g& ()-!>!10%g9& ()-z
OMLO%g& () - 10%g&' () - YZ[ bd| dBN 10g!+ 9! 10%z& ()-'!&9!10%z& ()-!&

10%z& ()-!'&- 10%z& ()-2&810%& ()- 10g 10g| Z8}oP1l! 10%0& () - @O%I& () -
10zz 10zz 10zz!43L!10%z& ()-!'!. 10%z& ()- !!'" 10%z& ()-8I>wxwU30P1! &0
1099 T& ()-S'0

+1099T& ()-s! &YA0%WT& ()- ! 0& 109 T& ()5 G ! 10%T& ()-!!!110%T& () - &wWU30P1!
&0 109 T& ()-S!I0

+10%0T& ()-s! &M0WT& ()- !'0& 10%T& ()-G ! &5! 109 T& ()-S3m 109%& () -

Nor mal " " MezlBpacd Fxrerdimgdtaga2eplume [detgirngned] by thesalipig taclec'of

"Headi ng 58kChovelatin®Bahea gifeasd ngerfstha, "Heading 83]c" "Heading 93]c" A
"Default Paragraph Font<"M#29Al QY hpw Zp<" OHUcsp” " abcdef g6[ E=

B! =98\- &5<DLOQX"cksz~Y]| 8phi j kl mopqgr st uvwxyz{| } ~6Ti nes New RomanAri al Couri er
New'h Root Ent r yWorAl Bevimenaccordingdog qladim 1,/ ghagagegsized in that

<=>7? @N\BCDEREGirlk d K& MYFRIRSHINNKY 4brking ahsitafghidek baepay S1 vy wHd } ~
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

serving 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 volume.

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.



