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especi ally for equi pnent

-1-" System of articul ation,
The subj ect

used in robotics and for spectacle franes.
of the present invention is a systemof 5
articul ation, especially for ®dui pment used in

robotics and for spectacle frames. More precisely,
the invention relates to a systemof articulation

betvveerﬁmtenermh‘foérmcfnhléﬁ | and  one end
l‘g‘?’g tﬁseﬁ‘%§%%m% HRF cR9gBPMEnt used

Ofn 3 SRKOS d- &l enent
sai d endsqﬂsave esHi i &L w@mes.or pairing up

respectively one on top of the other, elastic neans
t he hearing contact

bei .
g;ltt\r/:% ﬁﬁggysd&?sur aces%%hé) O 4Bk RN eai pretstem of
Gsed db8ri ESPrersalial kflcn:g st tMBdArid MR Seics and

ﬁﬁﬁ?uﬁ&et:hacmg Febebkcs, nedical robotics,
i s provided with articul ations

\Th?(r:g M?Pgwbce\%tsre é{)O\Fé‘fe allﬁfﬁﬁﬁmwselammgyla@ BARYRtem of

%ﬁEllc’él@’emonl pedweeht Icﬂie céhd 8F B 35!&? E

i @lﬁbaté.@n %&%& eqyi pment to per Fheidpdement and
EhgL a ﬁ%meﬂ hhehd:ype in which

1 oNns

var
%ha? spﬁéé’e Hewarien, td‘tﬁ:ﬁmﬁdﬁmﬁ‘@ of ot E@S
Ia’rspernﬁﬂtep_,nSoﬁéeOHbyt ngre abl e or rmnos Héng up
ﬁbell}Fe& estt posi.tion a Po Trhfladhic means being
eqU| prment perﬁ%‘?é‘rﬁq dhes @@@ﬂrlmtgs cantaati NBedfakbn said
S aesanyl e, an actuatlng cylinder) to hold 25 it in

a choseg PQsiit] oo as its rest position is no
:é |r&ﬁQﬁRmeQ¥'ra“§Eiﬁﬂyﬂ robotics

pert| e
(ﬁ’éﬁ%ﬁéﬁ béoh@'ééssanqdulamr m@bet sgesnbalkgct [0Sy | Dapor ;
meddedl robsStics, YRS RAS% %tcontlnuous B 8 oo
a)ééibéi’%ngO' nt i opt| s 1S of “Re r8&F- ?ntlesr e§FOV©ded with
sar BPri MRHGR, t%ﬂelq}*eflmvw’onsgofover a ntinuous
aeeugert reobat add, eo@@éﬁopeﬁ aS&h%'it 35 tlhe3é use‘?
aﬂf@@ﬁl&@lo@grgfi the "all or A i o che. Juen

nuf act uri ng" T oBot FE? “HOLBBORE, t@héed;‘cfmrmnal Wde3%ariety
"{“H'él?%‘ﬁgea@ﬁ pil¥sblagehapssr Sini nthle LeagnLul, _space
However, the mechanisms of these articulations are by
hature, unstable or monostable in the rest position and it
£
ollows that this equipment permanently ecalls upon its

ac i
tuating gear (for example, an actuating Cylinder) to hold

longer pertinent.

Now, pivoting over a range may neither be necessar '
nor even desirable. v

Thus, in medical robotics, use over a continuous
range ofrvarlable-p01nt1ng optics is of no real interest to
su;geons. Similarly, the deflections of polyartlculated
endoscopes, such as the

Y are used in practice, bor
the "all or nothing", ' s o
. In manufacturing robotics, moreover, the continuity
o ' i
the range of plvoting impairs, in ‘the long run

p081tlon1ng accuracy and repetitivity. {
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positioning accuracy and repetitivity. -2 As far as
wal ki ng robots are concerned, they do not necessarily
require legs with a continuous reachabl e space. in
brief, a concept of discrete arktTcul ati on woul d reduce
costs, limt the stress upon the actuating gear or 5 -
gears and, in the case of manufacturing robotics,

uar ant&® £posiatsi o Iigi 1ge CY 0 tife. . 1n the ‘
; : OO aCh g & and o KARE TRk ey do not

freddk H{r 5 nufacture a ) _
doors, fﬂr%ﬁ%@ﬁ%\r/ﬁ%‘?s f%t%@rf%ﬂré)%nm@ Ir2achable space.
soneti hadefof socontkpd "®f agikerelbNgSS |E}tt§béne would
frerduk® hedsk g 1 hg; FOVLA0 Rart_in.one or two stap

Sitd ans ,sﬁch aég?\hégrécl%Cgreeossanﬂp%‘beﬁhﬁoﬁqtlu@ﬂ;ir@f gear or
pect acﬁnéi’si:’d%-t}tﬁ gese foF m’ametuﬂw@erémggééf"g’uarantee

FoAgéd oadegpaevugdedy bokrt hegost part, with
rotati ep at%%% \@i &h Iirgn'ts tﬁle di spl acenment of 15 the

ving_ part o d di%pPacetertanles ginsem falcanee FABA others
E%emelgsedqq:zs, s prtactherdli NGRS,Ar e 50 %}Q%\ﬁn o t he _
ﬁméamggdmgaée%fpagé_sco#% i ¢h are connecte B} hn use is
glastic 1ink, “by which et hove s bhet Bangesaveliitable for
any l?ﬁaﬁ@%‘?‘éb’é@e@,ametmlemﬁé Xﬁﬂ ::;iwrg t%ta]@f&' %%%itions
FwEn psvohe? i I 4 ugh these hinges are ’

P @lepen idrRe!dpef 15@&1%0 icagt@dsgg)gctacle side-

pro

btedly _appealing, they are
M%%%qe’faﬁ&ﬁni aturize and their relative )
fragi FINee s"seastety lesigds Wit NEibyygens, who have
FRAGNANGY d SR | A D09 S8 pf 625 0k s most
Lare not. suitabl & for I{Be)gp‘?n@%@ al BB Ukl i dysplacement of
{EABCY 1ngs PeTén£0i B g!lplpalaa:letrﬂeﬁtofinpbaﬁgaﬁnagﬁéﬁé.lf (cj)r
bei ngFpomvEded -\ giggary1act | A AL
£kl assage ,from one st'at)élq%ecp y &%q%%w%@l&o known,
Eroqme% I 43945 Hxed Jpagksi af avleilclyaatey ¢§:;]I?é<§|9ed by an
kABHAC \iHindh cay baiemnimd ahsd: b D%sn THE SYPL e |
pDéne SAnALLLEVLEL T gL Le des] aned Shefthal he Saedi 1 any
Lihe gantry noves as Wﬁ?@l_fl Dokiit®e amd saah eheh pivot
¥t s endeddi  pribhoupbn itisedd . Fhageki ect,of Q.ll?l%oubtedly
a;:ppm]emw NV @RkkON éfetoc%['n%\fi%%t%@ to produce and teo
miniaturize and their relative fragility is Severely tested
b:?r their users, who have a tendency to play with the side-
pieces. These hinges are not suitable for keeping to a
Plurality of stable positions -in a pPlurality of planes
and/or for being provided with an actuvating device which
would allow passage from one stable position to another,
From Us-a-4 785 528, an articulated gantry is also
known, which can be manipulated by a robot. The system of
artlculation_ is designed such that the end of the gantry
moves as freely as pos_sible and such that this end can
pivot upon itself,
. The object of the bresent invention is to provide an
articulation capable of allowing two rigid elements (fixed
and moving, Tespectively) to OCCupy various stable and/or

unstable, brecisely determined, relative angular positions
r
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articulation capable of allowing two rigid elenents
(fixed 35 and noving, respectively) to occupy various
stabl e and/or unstable, precisely determ ned, relative
angul ar positions, -3- that end-of the noving el enent
which is opposite to the articulation traveling al ong

‘repetitive linear- trajectories wthout it being.

naeassany tor cahb YRAM ANy [ . device with,

g%kgh thqyarticulatipnlﬁ?gﬁ?gﬁgﬂérggPégﬁ.ii PRPgSite to the

St G L RAEe 1 109 np£oR@nsepe bt ivaeligstemtrafiectories

aritihowdtat ilan bkibhe ateessaid type riggs abglea .
&1l angl bkﬁl'%\/%ﬁeﬁ?i E:t. 9v bl e ‘%r?nj?v\o ort hgagnasétuatlng

plranes Wi thin the Timts ﬁﬁgiﬂ &d Mg hly beupaevideds

and nedhds whijelrtalisowmghimtddgimmihyid Ns@iee OFhSOMEhe system

Blfangsy i &les el s n Lentation of which are

def i ned. lP]fajﬂone pga)rftil‘%tlj _argfgr%%g ilﬁerﬁypoef Frgprises at least

Pi;@:gﬁtg‘&ﬁglﬁ%@ Eﬁf‘lqtcﬂcwn%ﬁnmml%e Sigs twmd@m bgonal planes

wnthhgl biree pLYeH tROI e Snit uate n I.1ierent

@chﬁugﬁ antial | .orEtﬂého lon%(i g:tanexss). g%ggﬁbréééans and means

preci's ;?Wtﬁév? SOIMOGF Yark QRSatorPshrliasess, tile number

phdoorpantstienchfhauioly arseaessgddzone linited by an

at | ea [ . d rface, .each of said pivot
popi 5. dopenn £ TAHEAE) A Birc 6l S hination, ene
ekt at1qRi ccoppRiteparte beuch sibsangibdél Yoivot points

sitiwgedal o 0 ©aSh @f PEErardO qﬂﬁjquﬁgﬁg ne ,i.n the
QSther. through interlocking of Their respectiVy  ofthogenal
recessed zone, such as to be able to pivot relative

Jo ea&b#ﬂr@reghséhy,nah@e@yytéﬂﬁb{iQE?i@ElétiGﬁaE@mprises
Wb B asdi © e plLvat rts may take, for exanple,
o8 o Resi s Prnll %ok, ¥ oradiies tom bioried by an
) 28t s blY ccerved | sutfacdy anchtoreastid pivot parts
iy Lasesk 1 SRS 68 ohb LF advantageous for one © .
Qb khe givotggarts t&&be cPosgg rﬁ%gfgﬁ%%%,e teeyts, said
an81iﬁ_¥$% H@gtquﬁ;Qﬁﬁ%ﬁle)@ﬁb@@;@nalntetd&ﬂh other,
a0gh cngrAddd adree asseghby obhedi TR Yon U R WS their
rd3pBehi iR CE8§SQSS&?”§§%§,a%ﬁu&ﬂugglyto be able to pivot
relative to each other in the manner of the links of a
chain.

In practice, the pivot parts may take, for example,
the form of a ring, a lecop, a hook or a polygonal plate,
having a recess limifed by an at least partialiy bu,rved
surface.

It is advantageous for one of the pivot parts to be
closed- (ring, loop, etc.) and for the other to be open
(hook), since that can facilitate assembly or disassembly,
but solutions wusing two closed elements are equally
possible.

The at least partially curved surface limiting the
recessed zone of each of the pivot parts will most often be
circular. However, in certain applications in which it is
wished to subject the pivoting to a cam effect, this
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possible. The at least partially curved surface
limting the recessed zone of each of the pivot parts

wll nmost often be 35 circular. However, in certain
applications in which it is wéhed to subject the

pivoting to a cameffect, this -4- surface may be

el liptical, or of any other curved shape, including
afurfacgulnay j b eciated.that the
@guinal PeL1ipt¥Ehl, D& APRE ghg 0 q%pacurved shape,

ty90-1.4 i bl e pivot oints are Separate
di stance ocj“r%fe Hapmhstantial |y to the average

of the fthiwkhleskse ohpplectiatesi ak-ef : ' ivot .
pYitnt£ngaged one in the other and ?%Ch%‘gévglg{gﬁ%%g% pivot
of r%cess,ed zong' agg'l & dur ved sdiphaacef r ecesssgdonding
f&ﬁ@mag’&ﬁ@ésfg g&a plthgi ngvepaget hbfht BhekneasexhbsbS o tne
paseirtibe, oAOehhgr ress10.space the two pivot points
B%gger apart_or, g%sg?l?o eJtR’ﬁO:tr.p?ﬁtﬁnéz%%dcupm in the
eribodi néNt of” t hEUFNeent Ponfacee af rHeemstsedf LBRe@NdSyaingt
Grusuid sugidcel eMerbscbBEqr PO AY €SoAr 4 LECEP aCl €,

open o%ytgﬁlggi culation side and provided with 15 a

tie rod e Ende of "RiE chtR %S hefhi @arssie it said possible,

tReEptakee sAd seeootties end @fi vl cﬂb%tﬂ%ﬁ%{ﬁéﬁaxt or

olossai thpdmpdrparts, said el astic means coopera
tie rod in order to force the bearing faces

wth id (
:ﬁggggﬁggﬁpngPZEF%ﬁ?h@%_@@bméhmﬁmtinfCﬁhéaihveﬂﬁéﬂhﬁhone at
t bér .t gsel@st kg ife i Lol can be

JQQ%ﬁiﬂat(?iLeed Qe o hel i cal Spfllrfngg,c_pt %#%@88 o ifferRIEAtes a
rod.and bearthy Th the ashechbreionpshda shoupdevided with
AwhidR | 50fr ovbmled and t I wheent acke RO PSR A3p  sa1g
rpaepaaekhraugh, phi %jchée'f des th\%h tieg rod, a (jf on the
sgtgff .hand, upon an ‘en pl 53, i 'EH-F5 Fenphigeresnone of

&Ct P thdiRSetd patdageashind hebds tdvoper@tindd with saiq
tdaptriode im SAderr e6eRFHBELE. Hem OMLAN G, o
e§%€§gé|ggd§g tie rod of "t h.gge?‘%%ﬂ?% g%ée%n% SRitherigid

rigrd el ementSoof +H BSERACt V@R witkobtbaioshémst one
htf?réahe g?&ﬁtrcemeanhainﬁq&bsﬁﬁon can be constituted by a

elical spring, threaded on the tie rod and bearing, on the
one hand, upon a shoulder, which is provided in the
r?ceptacle and provides a passage through which slides the
Fle rod, and, on the other hand, upon an end plate, which
1s larger in section than said passage, and holds the tie
rod captive in said receptacle. .

. The system may contain a spring-loaded tie rod of
this Itype 1n one only of the rigid elements or in both
When‘ 1t contains just one thereof, sufficient play must be
pProvided between the two pivot parts to enéble them to
perfo_rm their function. ‘ |

In order to determine the orientation and/or the
number of plane(s) allowed for the pivoting, one at least
of the ends of said rigid . elements incorporates g
receptacle, open on the articulation side, and the wall of

said receptacle has -at least one axial ‘notch, the geometry
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to performtheir function. In order to determne the
orientation and/or the nunber of plane(s) allowed for
the pivoting, one at |east of Xhe ends of said ri gid
el ements incorporates a 35 receptacle, open on the
articulation side, and the wall- of said receptacle

haRd apireastt oneiaxiallent ehpithe gepPet LY. ¢ 5; and
7 Ort i onEB %‘(r)tg%%ef:?atp@netrate

Si o Of 3 WA & I i vot part ]
into said no?%ﬁ%ff%\érﬁgtﬁée o?%%l e‘?f&f?d?f s reemmiEd e .

In a fi%tapééﬁsb'l e erbidoll ereanbo@ithyn €, Siopghe an%fltﬂgle noteh
iis peaidedi. 5 | n a second possi bl e enbodi nént, two ¢

notche% are grovided in the sane plane, on the

Opposi C{ﬁi wél | S6PRElhePOF BB actodime UMb el ANdokBRes  are

iPaloai posi then ffmd hg1agbch i:s. chosen.as a

frld PE%%l%f t he nunber,%f ﬁ%ntgﬁ §?§%|£853%1€%5W?#Aﬁs‘xf the

angg hghr gégggtationu Preferably, said guide elenents

whi ch &n dre amkd S phac efents wf ; i ng-el.enent

peevEids SRl & yi ng, . gl.enent fr%m pi%%ﬁ'%(y% %ﬁ thE notches _

't.se+:tb at | east asrﬁonéxhs°$t1:‘% HBFb@§cu§§iwgnaed stable

é?gb 2OB8sPRfohheis goiehtstiéod, an anti-rotation

rel i efPragebgbly pr ayd ded e _of the pivot parts and

&hi lﬁ%@+é£ tat¥pn ééﬁ?eéﬁgéﬁp ggﬁg%Pfﬁtew?h%£}HQRﬁﬂnel the

par? POT tTOn- C bit Cof MPBRRY r &liempnti npoetrbRt  said moving

??%IIOMnPdMﬁnQO ﬁlﬁﬁili‘%@éffdft h'é? @gggttlr %%ogdng as it
n ; ept acl e advant-ageousl y "ha

J-acceos racrr]%;sy]f@oséar%gbﬁget HREDL9om t he outsi de of

the rit§l d&lenepd, pn amdtireroteriod m@ﬂiefonnat}hebgué%vi ded

dracmefof hehavah] f r ptLacl e_and opposite th

da%ﬁ%i%%$ of ?g% Y%ft%é?gssgﬁg %%?%h?%gihﬁggﬁtbﬁ? raldef can

a concave (bPecoival BartadwwScsl cevabléi oF apenébating

lake &het hotohHes)rigi d el ement conprises a convex (or
| ementary size

ol HRELE R BER e SE b o o
geously has access ramps to said
notch (es) from the outside of the rigid element.
| In another embodiment, on the outer face of the wall
of the receptacle and opposite the open end of the latter
said notch(es) open ocut into a concave (or convex) surfac;
of revolution and the end of the other rigid element
comprises a convex (or concave) surface of revolutién of
complementary size and shape, whereby one of the elements
can be rotated about its longitudinal axis relative to the
other whilst they are in stable angular position.
In order to djam the articulation 4in 2 stable

position, the bearing faces of the two rigid elements

advantageously have at least one pair of complementary

reliefs suitable for engaging in a selected relative
angular position. -
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can be rotated about its longitudinal axis relative to
the other whilst they are in stable angul ar position.
30 In order to jamthe artlculatlon in a stable
position, the bearing faces ofSthe two rigid el enents
advant ageously have at | east one pair of conplenentary
reliefs suitable for engaging in a selected rel ative

angul adnpegid i part i G114 @ﬁ?l@éﬁ%&él g;rfr g‘.@%elc %IV%‘]' said

1Hn%ﬁﬁ&{ s Sghd rg%aec?ag%fy,g'ﬁﬂgqﬁﬂqhqnﬁzde—plece and

ggsctacl e pi‘ece
§di ment of the invention, one at 5 | east of the

rigid gheaggt |ts nd osite to the
?rtl n,§§%?ggkﬁﬁgsﬁ%§hslgfﬁg é? SngitRHgion, one at
1S wmégdll QM?%QE?cﬁ%?ﬂ%%@ﬁta@mprmsesngaﬁEdﬁ%mend opposite
o] aDﬁlc@D@t &, €1z us..po e_to
%ﬁﬁ cuIatediﬁ%ﬁ?&¢% h%?égln%biﬁi?cgf R’ngaging
T 1F'tllnven é | B ARG el ming emeensdetraiviided on
Femeef ee amento toe aﬁmendgdlgdr 89814 N Wi C .
a?b Qt%%épr|n0|gﬁallze an

di-auaer dedd | t rannatlc
on which f%éﬁﬁ%%gn |on ? Oti¢fgures 2a, 2b and

2c|IIQRﬁr%ﬁ¥$&ﬁﬁﬁﬂtW¥ilomuw berdeéﬁribédphﬁohraaEE§ detail

w1tfhgiﬁ“m&ﬁbe3{lba(ﬂfé% Q}grtuall&hu
|ve

sectian, arthiL%lln perspe
enbodi nent neeratem, %@@p@mmahe¢ylly ahélpggnc1ple

O3y abliehp et llmwentliorﬁlisu%%ts@*éﬂ e position and in a
second §t%gr sPosi tipon; ures 4a, 4b and 4c are
i ews, 2 t|% %% é% #lﬁp kéh??%ﬂ¢§e|99551ble forms for
é@r?&g@Fl @rtéﬁ a second embodi nent of the invention,
respeetf&ghyegn safirst siapl osi tion in
B§E$§I g % n and %n a seggﬁdégiabygeﬁﬁsltP%ﬁtlallY in
|gu PRETL Yplléldé’@r@@reﬂtém;v@ﬁ/|aevf30fstaremt2:5nment of
tbfaanenUﬁoa,tm@spgttrvémyﬂﬂﬁf§ E$r3t PELIBSE! VG 8w o
I
aR uhB8€ab8S85:1 L 06 ang in 2 second stable position;

- figures 4a, 4b and 4c are views, partially in
section, partially in perspective, of a second embodiment
of the invention, respectively in a first stable pOSltlon

I
in an unstable position and in a second stable position:

- figure 5 is an exploded perspective wview of an

- example of a tie rod;

- figure 6 is a perspective view of the ends of the
Tigid elements of the embodiment of figures 4a-4c;

~ figure 7 is a view similar to figure 6, showing a
varlant,

- figure 8 is a perspective view of the ends of the
rigid elements showing another variant, the elements being
in the disassembled state; '

—- figure 9 shows the elements of figure 8, in the
assembled state; and

- figure 10 is a perspective view of an articulated
"train™ making use of the invention.
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rigid elenments of the enbodi nent of figures 4a-4c; -
figure 7 is a viewsimlar to figure 6, show ng a
variant; 30 - figure 8 is a perspective view of the
ends of the rigid el ements showfng another, variant,
the elenments being in the disassenbled state; -
figure 9 shows the elenents of figure 8, in the

assenblRidystat e; :allﬂué}@rat& g@fl%g&%nﬁr%tio%‘iﬁ?peﬁﬁé V®rinciple
fcﬁ”% rticul 'train" making use of the

|nveﬁ?% %ﬂjﬂ} 9P|%§Lﬁﬂ§%ﬁes di agranmatical |y

t he pnﬂnntmes 6ngwhaﬂnamebenwe@m(n1h@obaie%llﬂbed into a

tﬂﬂﬁ§f2£ﬂﬁﬁbC§{%$§% efn tﬂg §%3?§25§p§aﬁ grgwéggrggﬁgt, the

2, .0one situated in e pl an
Sthefedn @ @%%@Wawq csasa:l Ghsldet . The ring

2 can ot t he o] P w.th
?Jorﬁh Plégggerrgl rﬁ&gpk?ﬂnv?ﬁ % | ane 21?6(?]%1 ?ab Wty the point
Shée qugﬂ?(ﬂﬂ%ﬁf erqm?%PQn%a%%eEhef@la@&aoﬁlEhe drawing

Bhta‘et t Hin pesi tdadmg)’ ’@lﬁlean\ql th. phB8e Pl BorP2eBlNG  into
1 tively P2' an The di spl ace
E ® o§§§E8ﬁ2 ?s %ﬁaﬁ%e1ed“ ﬁﬁ@alﬁﬁéptcupgataﬁélng up,
6?3Pﬁ§th6@ ¥l fagr P2{s ammhgP2as8. tmherﬁﬂgpaab%mhﬁhdof the ring
rasse it h t | re
pres ‘i:ﬁ%&ﬁié!ﬁéd '?95( eRK ]innew éhlg&%ﬂi% thﬁh ?1 1 for

t he.hook can pi vat on the ring
LﬁWﬂw%ﬁ1 tRRi ALnp1 2r dimie by Preshed aaaphahetbb hook 1.

Wh’ehdaamnign&h@@u ﬂe@ﬂd&ql tm@ héde 11 Bgn2 ﬁ%ta'oio the ring
VahoaR qﬂ% hook %g ?lserles of
o?t%ogona R?ﬁP%l%%e i thndhey RRiHy %%e€?mah§lﬂg in the
2¢ ngt t breudhavheg velnéetis possi bl e positions

re I ed uch as, P2’
p Y ookt? %%@EE#€h1aggﬁe%?%gp%tﬁéuhodk 9 BiYQRG on eRe hook 1

and
Jc%a%nsheaebﬁertlﬁé ofndlanes exilkogomil the thagp2aher of the
chsaw iy asfhetdte w p&s’sin@e:c Qh%%ﬁedtfﬁ&a";}%fn ,Possible

é f%ns are therefore novab
M fond A S L o bUBE DbVt by HOldiihe Suoh a5 P2
avhsAdtut tdebylishéacement of the hook 1 being channeled by

the inner curvature d of the ring 2 for as long as the hook

1l is held pressed against the ring 2. .

Pl and P2 are therefore movable within the limits
allowed respectively by the guide means constituted by the
ibner curvature of the link 2 and that of the hook 1 and
they are separated by a distance D equal to the average of
the thickness el of the hook 1 in the contact zone and -the
thickness e2 of the ring 2 in this same zone,

Figures 2a, 2b and 2c¢c illustrate diagrammatically

- possible and non-limiting embodiments of the pivet parts:

in the form of a toric ring 2, a polygonal (square) plate 3
having an opening, an inverted D 4. The pivot part may
equally take the form of a hook 1, as in figure 1. What
matters is that the part has a recess § bordered at least
in part by a curved surface 6, a recess which may be
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25 inner curvature of the link 2 and that of the hook

1 and they are separated by a distance D equal to the
average of the thickness el of the hook 1 in the

contact zone and the thickness 22 of the ring 2 in

this same zone. Figures 2a, 2b and 2c illustrate

di agrammatically 30 possible and non-limting

egbodibent §fafiuirbe pavehd)S: pdrt 108 f Y; .
tQﬁ&CZ&Bn8r2n03—8?|§gggal (squa%%) platé"fBl ég%%%’gﬁ%gures 1
openi ng, an 1 nver 3 4: The pivot part may equally

t ake t helgwres oBaa Booknd, 3as ilnukitgute kiié%@tively a First

netiers i ] th s ‘ecess 5 bordered at
| SRASLE DBokBabn) Moo 02018 PPEIRIER BAEcRcgeqhngh stable
R HetoB ofcia cli B9t (emodénenn afd ) , ipaehtabhy observed

cin ctharpldnguestile @l 2c) or non-circular. Figures

3a, SbA%nd .3C i llustrate respectively a first stable
posi ti Of, _éﬁ’ uﬁ‘_??éﬁ?é‘tpogir?monfh%@r%s setTe, sttt e system of
podiidudmtgfora fLbr stownbedi mant iafl 15heih Nwenki poy rigid, so-

(0} e T AY2<Te Jhe pl of . the hook 1, I s appar en '
fro%e}biegufrle}gs%c%af-_ ce?l%q%gﬁsy?s‘t e?ﬁcgfpa%?’tqlﬁy atfod Pecond rigid,
POTEdd Ssar {'Mavipgl'n aelément risgi dItsoiscajdwibus that this
dilisxedck ieine B8t wden an it hal ' secong, J.i gi g,
%%ns%icallﬁd Tnp@i%ﬁ",%gﬁgiint %?eh?n?ségggioﬁéxgﬁht element

Ifu s PYi SFFAEEFLRAL heDROERT i N ckalBAn amiduFidmd, each
efeftbrt eleaente aEy Heigd REQf Hg 8ot ertajn .
sthyations, each of the eglr ement s Smaly %eﬁ}dé‘ga%%ie%la%e to the
"movin relative to the other. 15 The fixed el enent

7 defi%@@ dlrxedeptaneat9 Tdideifdaesby medetadlicon 0 vided by

&nt paatpe@yhmah gpontign 11 inael _relative.to the

?éil culation). and a :-'Ii%sta _g%:o?gliénﬁrﬁlzpoﬁtlﬁé"ssél&e 1proximal
BFOVF ad@ ithe narparrilatdanlo anst a tiietedd pddidiel2. a

i}?}ﬁwﬁ%ﬁ §§ﬁ§j§fﬁ§dﬁ28§ TR Y By & e zod
whi ch i s pr ovi ded”wi'th PRHIFPAEOL TRi £t obb 16tban preximal
sIkk @BaHhéth dosmreviisereoed Inahbe thed dbstfar p@ﬁa‘aeg which
%&h?ﬁcﬁeﬁdﬁﬁ‘%ﬁg@o&?ﬁglao’l‘ﬁ:‘?gds{:gpti]g ggltltgén %Eeohead of
@ Screw Screwed in the rod 15, a passage (not represented)
being provided in the bottom 17 of the receptacle 9 for the
introduction of this screw and the end of a screwdriver. A
helical spring 18 is threaded on the rod 15 and bears, on
the one hand, upon the stop 16 and, on the other hand, upon
the partition 10. The wall of the proximal portion 11 of
the receptacle 9 has two notches 1% and 19b situated in
the plane of the hook 1, each of which leads into a ramp
20a and 20b, |

The moving element 8 similarly comprises a receptacle
23 divided into a proximal portion 24 and a distal portion
25 by a partition 26, in which a passége 27 for a tie rod
28 1is provided. The tie rod 28 is composed of a rod 29, the
proximal end of  which is fixedly joined to a

parallelepipedal block 32, forming an anti-rotation member,
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i ntroduction of this screw and the end of a
screwdriver. A 25 helical spring 18 is threaded on the
rod 15 and bears, on the one hand, upon the stop 16
and, on the other hand, upon —the partition 10. The
wal | of the proximal portion 11 of the receptacle 9
has two notches 19a and 19b situated in the plane of

b 20b Tha oo st Elal pRdeIbERC A 88 39 proxtmal
ving el ene |

BEzErtn) I 4R HhicdcrRPb 24151 o maRdpatlandbu ahizough 3

aSavaral parttd o RBrbyy aapacittuDar 2horddn Whbeh 3e dsake of

passgoeefey! ot Wiaod of L LY ded Tre the BT

aro

ﬁﬁtﬁeggr¥?§ieﬁpyajsoitﬂ?@d timla 3.pdl’ladaltéiabéabefdﬁﬂ bifogke rod 29
i i @Rt k- t k@N r, 129-.-
ﬁfﬁn‘i??‘i@%a@é@%ﬁ SPPE" SPp. hiehy | 11k R, shepy iy may be
por%q%ﬁwgﬁe%g‘t%e ?éé%ﬁia@P@lQQ dhdisxtemdrdgdt bnotthe rod 29
@nc qozazs pl atcoflehawing At QUlers 85 e30 Fohat NBrSBKE otner
‘?’fancfi d'd:i tg;:etr .uoar e%@ ate in question W | .
her ei'na ter1%%%é) eferr et as the link 3. The d!stal
end of The pBoxP®ali sngt ovifdethen EExagst%pgﬁﬁ%t W}‘)I Ubs three
' i 16, b a r . elic :

?e% ?&h@g §%§@? hf@gégg%ll o%ntd he§§r ogw‘iiQet%zfndp B%*éJrrg‘?‘f offifGhePf the
H‘gﬁ’&?%uﬁé@“’cﬁl?é §t JIRB0 PrRET U tFecot Ber ThanedgepoB9 and 40
tiffe thar tprooim26. edd a‘betﬁéo&:‘ig@éis%ggi Q%OA,Jia df aen%lts 7 and
BB Ll E5ST ol ponienent. botas

r oxi ha .
EEQrEW@ pdemed6s.The edges 39 and 40 of the proxinal

end of e dd n ing.elements 7 and 8 are :
rou eghteo F;ééfﬁ F)ilf'a?jén?ﬁg rséﬁ?%%ﬁse veq?fﬁqﬁen_oe?%]énthatf in
Efgagﬂ% B3 14 OPent Bhe TRerdagsildh. holdshehepricws isset back

fhasenheutieddialy face S8abkbgaPagidd etgﬁrfﬁéiég %%lds the
hplds the hook 1, set back fromthe bearing face”33
and ?h ? tHe 8PFPng FPMorhatt Ads meidmsl | fagechias flush

WD the bearpmoxfame 36ce lies flush 20 with the o
ear % {368 3Ppabinks BBBA"CPLLOM AU, S B2 Coll® 1 4,

ook 1 1s, .
threaded in the link 3.

In figure 3a, the unit Occupies a first stable
position in which the fixed elements 7 and moving elements
8 are in mutual alignment, the bearing face 36 of the
moving element 8 being pressed against the bearing face 33
of the fixed element. In this position, the hook 1 is set
back from the bearing face 33 and the link 3 is received in
the proximal portion 11 of the receptacle 9 of the fixed
element 7.

In figure 3b, the moving element 8 has been
"disloccated" relative to the position which it occupied in
figure 3a so as to be able to pivot according to the arrow
Fl1. This dislocation is made possible by a traction exerted
by the link 3 upon the hook 1, counter to the force of the
springs 18 and 31, which find themselves thereby
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threaded in the link 3. In figure 3a, the unit

occupies a first stable position in which the fixed

el enents 7 and novi ng el errentsl 25 8 are in nutual '

alignnent, the bearing face 36 &F the novi ng el ement 8

bei ng pressed agai nst the bearing face 33 of the

fixed elenment. In this position, the hook 1 is set

b&eRPrEgPecthe eacamgbbacead3 tant titee | hokk31i Siow lles flush

re,q@hve n r | spor n_1l1l of_.the cl

9 Z h@hél Egtagggg O"F%‘ér?t;nts8 chP F% br % 5‘ Emﬁ% ngrojects
FerBAt1E Haomebhe mﬂWﬂﬂﬁxﬂkﬁmembl8L|iﬁu10pﬁhet1ng is also.

pmadélOpom@iﬁheltbfﬂﬂﬂw@ egrbgenEbguéf éﬁm?oﬁ%%c%p ?Ea, which

EL yot according
d.sﬁSWEt hﬁ PeShade 863§P6|é16§ é @ﬁ@c@fohhexbioeﬁ 38.

by the IinkfBywpon Idje hdek Beasongt efadd tHie ngg}%@f moving

h.find th I
Vaenspt 093¢ ot Eball g LS SESLYES herely, TS

|fé§6¢|ggﬁmemttﬁ t Abebdardingl fame BReabdobha3zt have regalned

ok heprlsh b L bt 40 S ULTEE S e
%g ﬁoF%ﬁeﬁgﬁ BRI dhed o irevisl alhedegramger of ehbéohi nthe 1ink

B and oint kriaeak d2th! tHd 9¥bRR3Cy04d h%lgﬁggrgjé?%szn% v1s:|.ble

I now presse
R P RAE Y £® TG o 0ad oty CTHESMoORL LR another
alhad“H herasd oulemldﬂavesymmme:dal teithed QSnt 5; QN Of
fi t 1 haye
Sur £ A0k B8 SRRGR AR, VEET B Fibed  pement 7

reverted to their egree
FG5E 4P BATREL SR tah &W%rﬂ%ﬂ@@a ihﬁbh oppeside Wi the notch

adgs. wher gavinigs Yiohbhe §00% il Becgf‘fcﬁgértweﬁﬁtﬁp a third

not visible), synnetrlc ra
%ggtoli %é?a{@:bén’ap PECHYt it bthat tSi fPeawking xacel fenpressed
agawswe thet beagipy face S6coEd st @ixéab cQBRE§kt § tO
the nopchy;l9a, ihe,gpvi ng. sl enent | d be brought )
into a thFré g?gblegpésl ﬂ%n aﬁanﬁ?y g#?h Fte peading8r is
fapresenpedsdad 18@@,@4&4@@1 time fr;@almmgi £ a@tee 3153ch29,hethe anti-

Foxediehemarick’ 37) the1iaqk 28, SIfAel,yta:the, the "9, e
g?nk §, and.the screw head 30 can there be found.

Figures 4a, 4b and 4c illustrate respectively a first
stable position, an unstable position and a second stable
position of a second embodiment of the invention, observed,
this time, in the plane of the link 3.

The embddiment of figures 4a-c differs from that of
figures 3a-c by the fact that the fixed element 7/
comprises five bearing faces, namely an end bearing face 33
as in the previous embodiment, and four lateral bearing
faces, only two of which .37 and 38 are visible in the
figures. The two others are situated like the bearing‘faces
34 and 35 of the element 7. It follows that the rigid
element 7’ comprises four notches, . three of which are
visible, 19a, 19¢ and 19d, notches which lead into ramps
such as 20c¢ and 20d.
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20 represented in isolation in figure 5. The rod 29,
the anti- rotation block 32, alink 3, slightly
different than the 1link 3, and the screw head 30 can
there be found. Figures 4a, 4bland 4c illustrate
respectively a first stable position, an unstable
position and a second stable 25 position of a second

enbodl 0 r t oy gl n,
T e e e Mo IR s nore

%gﬁ Yt 8PE3FREh tHa™ of L9yrgubes There @¢t¢ﬂnfhetseen that

thbe fhaeﬁlkﬂﬁmﬁmﬂﬁﬂﬂ Eompﬁﬂg@é'ﬁﬁséﬂd“% igface 33 and
e 33 30 as_ in_t

n%% ﬁn eng beari ng i
preV|ous enpodt ieht 9, aCFBUrOP Vel¥P Béaihigh Bdcesd 38 are
ofitsikle di whheh Bl?gtamii 3&har etwod sidiee nbbB@ln faces are

i t d_lik b
f&é‘g@%@aﬁy R e UL RS v
raggil dfeneht Prowvédpd sbs kech nbithies] bemeéngf face, the

\mjtﬁﬂ‘n@sf €085 tWoSlc%ﬁesﬂ—@é‘ f%%%sa%olé'ﬁ;d iﬁ;?ﬁ%ﬁga wh @he same

|nt anps such as 200 and

Sur attioh SMRYHNNLd easdnrer ofdemsr e tobeadeflection
zﬁi@weent afnobmfngmrasﬁablé’hep@sitl@@@ bee§@:ﬁ@n£é‘at7'3 5 and 8

t ixed an.end Jpearing face
aﬁ%gfné&e at era‘ltn éearl ng ?I}fgeg 35n13P twotBf ORAI @F Fhe four

fodr
é’ﬁ?@sf}@ & @ hiising.e in the figure. The two ot her

beafln@l%@ﬁ%ﬁ'ﬂr%11&%%&%&Efyeéyf%%ﬂﬁihkﬁloge f%§+%n§7of the

an ot such as
Eg’ﬁéﬂﬁieélﬁm fge%ﬁ!‘hﬁefécelnt ﬁ@l%t%hﬁsxﬁd phement 7" and a

Bppesit e feames: bel nguel towded, | Butha rsap®iclp! 386psNistich as
defl ecti.on 10 planes

0 n fore offers t
323 fgi régfég%o ﬁunrth%léﬁﬁﬁﬁsof e BOtﬁhﬁéne§UCh as
0| BRufRe it tale & het ROetimtdon ahd heifdce of the link

Bosgi Bheqpasttheles: Figure 7 illustrates a
constryction variant of ‘the enbodi ment of figure 6,

in whi thIBrei ¥eglélBibrates annther 18anbenhg elremehich the

6ndabeafmﬂgdfabétBBnowhk%@ FANRY I¥eRndS kr A/ 5 oncave
es of the notches, such as fb

| th d
B o L G e el e 0GP 0Ra od ERcthpRR of a

convex relief 43 provided on the bearing face 36’ of the
moving element 8’‘’, Similarly, each notch, such as 19b,
opens out into a concave relief 44 of size and geometry
corresponding to those of the convex relief 43. As is
apparent from figure 9, this arrangement allows the moving
element 8’’’ to rotate about its longitudinal axis, info
any one of its stable positions. In this case, of course,
the tie rod included in the element 8’/ is deprived of an
anti-rotation block. Such an embodiment can be used, for
example, in the production of an endoscope.

Figure 10 illustrates one possible application of the
invention, namely the realization of an articulated "train"
of elements. The elements 70 and 80 are articulated at A
according to the invention and one, such as 70, has a male
thread 71, whereas the other, such as 80, has a female



10

15

20

3 in said notches. Figure 8 illustrates another
variant, in which the 20 end bearing face 33 of the
fixed elenment 7111 has a concave relief 42 of size
and geonetry correspondi ng t o-¥410se of a convex
relief 43 provided'on the bearing face 36' of the
nmovi ng elenent 81". Simlarly, each notch, such as

i%readpens Thé hale @h%@a@aw hgl of £S
#Hgiéy%g 8réf$pond|n hosebg aﬁﬁg ggngggagﬁﬂg with a
retie ap e dfﬂa}nalﬂ@m%rgelﬁrﬁe%t 80/, similar
d?crahgerr@dlerrwnltovﬁox hlerrmi/:umreihfﬂﬁﬂﬂt n&iurb? rﬂHlat@xample a
sdo in 0
ol tBodl tranetd nd g, B8R C3RAR 1 {paticatated

e positions. 1n"this ¢ase,
rté@%fhcpédeﬁlﬁmeﬂﬁé el enerapa®le | offs ldepngveﬂsmj am 3fedical

aibotidsat |m @M@leSuch an enbodi nent can be used,
for producti on of an endoscope.

Fi gur e)i%o iFi uQ’PVéPB§ ohaposEidl ergFAncatingiendfionheis = not
iLdwertieidont.o nalmiel yez’{ﬂb\@dizﬁ@zhtisatvh%ho%% 35%%ﬁu'c§s%}lbed and
el.emen el enent s n are

E) ?Jg %Iezf\lt && 1ﬁnA p.%sjﬁjc%‘glrao‘f’n ‘?‘Fﬂehl | FRoQfhHments show
éﬁélcﬁﬂréﬁlagsmlamdslea ol haviﬂngeadn7bddMﬁebﬁa&d hehe stable
ka@hedsuﬁgs§§1§9; h@ﬁga-$f”“¥5%r 1%tabﬁreagngu}gﬁalglateral)

t hr ead I s capabl engagi
Pﬂﬁégaogﬁr ;SP@M Fe@hitn opdon ﬁ’@l"feelcél%rﬁf gthem,si fot aaxample in

thethppEEeﬁEmbnSBf @hedEﬁﬁﬁbﬁmhthannﬁbuéespéefa8¥énP£§me

qﬁ %g a.ganera, a transducer, etc

artlcu FeAVETt r BPRLSE CaReREnPLOvddeshatichoe &vhghe force
25efihen spadingsl to dbot adjusted esappkeentt the Q@@ﬁyﬁé faces
ha e ent [ S dt

e henpa el P hRAEY | 2ok 8 BRling, MRS, ' 8" Compression
f%ﬁ?%sgﬁt éfe |S@rma Qeing abihoughathese bmbadingemesns so

SHOMO 1Parmr the Uéﬂﬁi@@§a€§@§biﬁ Phe l’@é/é{@ec? ourr?ﬁtddanga%on

to thg[stab e 8 g posjtion, two or

angul ar” (?%?eP3F§1 BoeFt PBREVIDRRY , nfdhel bl yihave awssible

EﬂtImmwmpérmtexaunteolndeﬁhe?apprC@bBQﬂlgﬁ hB8surement and
e frang, e nmeans can

B! Shebehaole AR S L PHE 10 ERMaal SR T ene

l%Qflib@%o?%%t@ﬁ thepragédt el hmebbari hg bades the development

of milli robots or micro robots.
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of the rigid elenments fromcom ng apart, the
conpression force of the springs being able to act as
braki ng means so as to jamthe articulation in the
desired configuration. In one particul ar enbodi nment,
finally, it is possible 20 tol#ncorporate control

devi ces, of position neasurenent and of information
transmission, into alimted space in the body of one
of the rigid elenents, to all owciBéMdevel opment of
mlli. robots or mcro robots. 13 CLAIMS 1. A system

of articulation conprising at |east one pivot point
bet ween 10n2‘ TP T aOF i 134T 4ot 1 P (AIing ahd least one

opévend mbiat sbeandeni girk ebeAEBE (B8)£ised dregds element (7)

hayisn ealr.l ce .t for irqyn ., J.espectjvel )
oRB RO Ul b B Bocene Sl alfi L1 WAy having
t 8epEipgaifiraare £ikedidmpaioritmat tuh etespertsaied vf ates on top of
chaeacterdZzed dipdhadl nmsghd yStLEM £oObIaSES tommgli.%géin the
p rts.gé, 2), each having a 10 recessed zonethm €

béeaﬁl | aqfar PREVESc $A0Ed £aad acehiectenttedf in that
sa%ddpbwgepﬁrcmp&&m@d!tg@ _priatﬁvme@aifttgl %mnz@ne Rfch having a
S n . (Y r el n ,

sg%gtegﬁtg%ial %E%Et%%ﬂé%%%# t}% ega@h %?hefs'?a%%d%ae?ﬂa?g]e]d’ curved
oferfacehe bbher ter@ugh aint esbdéki ngivdtt heggartds depending

resPeett Vel §Cessedongs Siely as-itf dead piyots ..
rel g’i@i ve to gach other ,in_.the mannltegﬁ'qL ofet%%&lj?%ks %ﬁ‘olda plvot

Rt 7S RIS hEUPsSeRtipddy sarbipegenain Eonperaks qter, and
i mamged| empi vdn pohat sof Ry RAromeabieréALOERI SN0 of their
RO Fre P e c ¥, BhaRa dS Bhu b giele (6, pivor
arilabl e $pstenrhddithesnalny thenprawiary oartshe 1%amky of a
Al O i
ST Ot r tPE0Pht i BR1BES ¢l APhed PA) clpvRlle 2Bn  the two
chertaxgana ¥ eplaneshadt sakddpipiototpaphscsak@,t hg) f Qfihin the
Aiafcd é??r‘“ﬁéefﬁg'i??% 28 1ot qeted PR 20) e saia
Fartthei | pdgdtdenally comprising means (19a-c) which allow
pivoting only in one or some planes, the number and
orientation of which are defined.

2. The system of articulation as claimed in claim 1,
characterized in that said p'ivc;t parts take the form of a
ring {(2), a loop, a hook (1) or 'a polygonal plate (3},
having a recess (5) limited by an at least partially curved
surface (6). .

3. The system of articulation as claimed in claim 1
or 2, characterized in that the at least partially curved
surface (6) limiting the recessed zone of each of the pivot
parts is circular. :

4. The system of articulation as claimed in any one
of claims 1 to 3, characterized in that one at leaét- of the
ends of said rigid elements (7, &) incorporates a
receptacle (9, 23), open on the articulation side and
provided with a tie rod {14, 28), one end (16, 30) of whiéh



surface (6) 3. The systemof articulation as clained
inclaiml 30 or 2, characterized in that the at

| east partially curved 'surface (6) limting the

recessed zone of each of the pivot parts is circular.

4. The systemof articulation &g clainmed in any one

of clainms 1 to 3, characterized in that one at |east-

of the 35 ends of said rigid elenents (7, 8)

i nt8r peldt espsivecept selid (r@ceg:spplepandomhehether end (1, 2)

ar & Cihakho i ded h e
22% onehgngo?%ggt%e)gs pbﬂ\é QE ]S-%Ilti éﬂv'blt pa?'gts galﬁl elastic
TPRBcdhfacl anHOPH%r%Fhéﬁ @iy Baid tie whidchn order to

cofst ¢4 utﬁs e iafg seadedi (O, past; S 3pai gdsel ast i 036) of maid
said tie rod in_ orde

{ th
S{n%?{?or ce ?’ﬁ %%oo e]égr?al’an V]\dt FPULFET ppe S@t}%*&h%ﬁ?}ther
of said % rThyg dsgbbamncd tartriensiation cant aﬂ:hlmaa Wit hany one
”1% Oét@im $. +The Sﬁfa%c‘geﬂr felgC Yl atﬂh%xrﬁl %)Sr{ 5 %a%t{] of the

claim'l1to 4, characten
£ he sadflls HFIkhi deteRrEtRl erfdnt s 21, nzr)corporates a

umcrqqmaaﬂees aopéleCﬁﬁt aﬁlee,ax@ﬂ@alaelbhesaabl C%'nélt 'tq{é wall of
ea

of 10 ec acl e has at
10 0 %a MPoLFaiTe o 10 Tetshe GRoE g aRateRzd gk, 19b)
wiiteh ggPmerey phudt spaet Qrviirh §B2)wte pdrRetr alfrt portion
| ntzg)sald oh-fdom{he aped andofs3ai q:hé eSPee[H aclg ‘of said

6. The sy temof articul ation as clainmed
15S5FPH 1 to 5 characterized in that an

anti - r obat ithe sgﬁréﬁ é?tht?cnﬂ?thSFdﬁgﬁéHEiﬁ%dtbﬁ any one
piyot syste articul atjon as cl aine ‘
15 PR¥0lchl 2t or TFEATRAAREE sHT dUGRt | SPorHtorFotat on

in claimeo, - characten
r §PLépL( 33R) éensrpvided dtheopevof phﬁtp;mmtlpﬁrts

capabl e70f TREN@ Al NG £ 2&*1@@1& %M&héfgimecﬁ 18"%14im s,

sggten1of artlculatlon as clalned in any one
PRECEEEH29A cHar actRat ze82i® t BRELsHPHaWEPR haslief  (32)

acopstitatps (t4) phvea gparet Yofim t hgosuitsi de ‘ibfenetratlng
20 tmtortﬂédngkgﬂ?gé)

8. The system of articulation as claimed. in any one
of claims 5 to 7, characterized in that said wall has
access ramps (41) to said notch from the outside of the
rigid element. '

25 3. The system of articulation as claimed in any one
of claims 5 to 8, characterized in that, on the outer face
of said wall and opposite the open end of the receptacle,
said notch opens out into a concave (or convex). surface of
revolution (44), and in that the end of the other rigid

30 element comprises a coavex (or conéave) surface of
revolution (43) of complementary size and shape.

10. The system of articulation as claimed in any one
of claims 1 to 9, characterized in that said bearing Ffaces
have at least one .pair of complementary reliefg suitable

35 for engaging in a selected relative angular position of the

two rigid elements (7, 8).




25 9. The systemof articulation as clainmed in any one
of clains 5 to 8, characterized in that, on the outer

~face of said wall and opposite the open end of the

10

receptacle, said notch opens out into a concave (or
convex) surface of revolutionig44), and in that the
end of the other rigid 30 el enent conprises a convex
(or concave) surface of revolution (43) of

conpl ement ar'Mmeslgﬁs’@@rﬁ shapetitdlathensywel &@Mlmed in any one

articulatio d in,an of. clainms.1 to 9,
c%ﬁac:grfEeda? qi Eﬁ§a|dﬂHE%F&ﬁﬁlﬁggeslnhaGQaﬁt sald rigid

I&&ﬁmans pai r8 bf atenpeepeat avylyehi ebscsatlabkeddSpiece and

for | o 14 & sel ected relative angul ar position

of the two rigid elenents (7, 8 15 11, The system

of artlé@zﬂﬁhﬁ1%%ﬁ?#%uﬂ%daﬁﬁlﬁﬁiabh@noﬁscwéﬁWEE@lmm any one
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