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present invention concerns an autonmatic pi'petting device wth rinsing of

oot 51 PARMRIAITS 202612 635 “rur? Do AR 22",

device of this tyg@gephaving a nodul ar 15 structure enabli ggvbe easily
adapt ed according to the required precision and specificatioﬁ? as regards
the quantities of products sanpled in the pipette and the quantities of
rinsing liquid used. Generally speaking, a |arge nunber of devices have
been considered fox 20 carrying out pipette and rinsing cycles,
particularly inside an automatic anal ysis device,. These devices normally
introduce al least two notorisations, one being used to activate a dosing
syringe, whereas the other is used to drive in rotation a punp for
injecting rinsing liquid. In fact, the dosing syringe provided for small
quantitiges of |iquid dARST OMATCP RETTENCTDEVICE WITHRINSINGOUt
rinsing" 'This solution therefore proves to be relatively conplex and
expensive., It ?s introduces a punp whose notorisation is costly in terns
of energy and whose fragility and period of life are |l ess effective than
those of a syringe, The reliability of the assenbly is thus not everything
expected.. Now this type of device needs to be able to function w thout
requiring any mai ntenance for at |east seven years at the rate of the robot
on which it is used. 1n the case of a robot of the type -z described in
the patent FR 2 779 827, this rate is 60 tests per hour for at |east two
hours pgy day and 220TH@¥§ed@ﬁf intRatioh [ddAterns anai0oihalS PiAL HeFice with
Furt hernore, one drawback of this solution consists in‘that it only all ows
pi pette sanphsingsolithe pipitthgd, ehisrdevict gurmitingethed egxtordieg bf teactivie agentsaadons
of the 5 syringe without it being possible to adapt it to other precision
ranges Ther b¢ingabla techesedon apfanakiesis iobeht i on is to provide first of all a

pi petting device having a.Ei nﬁle structure usin ?‘n! a single not risation
Por pipette samphi R9rarmaTHEWatH GconesminBsdevien Rt Lype, Baving: Pomoghlar f c

ol a1ty el blinkF oF bR R T 34nsBE e R bR g AUPE BT andsi on
range. jsThespddiROkionS o8 réeurR L M fie gﬂgylkéams %Hbl%ﬁm’@ﬁ@g'p%&%%whe and

ki nemat i cs l'ow a nodul arisation of t pette and rinsing elenments so as
to be able qwlﬂnie@idfrﬂfsﬁtgtl_i(ﬁdi&xisbm ity of usage 50 as to obtain these

results, the pipetting device of the invention includes is at |east two
punpi ng uni ts haGeneratlyfspeaking, dilargesnumber ohdsecesvbayr hpémgonsiiersd for
carrying out pipette and rinsing cycles, particularly inside an automatic analysis
device,
20 These devices normally introduce al least two motorisations, one being
uscd to activate a dosing syringe, whereas the other is used to drive in rotation a
pump for injecting rinsing liquid. In fact, the dosing syringe provided for small
quantitics of liquid does not have sufficient capacity 1o carry out rinsing.
‘This solution therelore proves to be relatively complex and expensive. It
25 introduces a pump whose motorisation is costly in terms of encrgy and whose
fragility and period of life are less effective than those of a syringe. 'The reliability
of the assembly is thus not everything expected. Now this type of device needs to

be able to function without requiring any maintenance for at least seven ycars at

the rate of the robot on which il is used. In the case of a robot of the type



each including a cylindrical cavity inside which a rod/piston unit slides
~W th inperviousness, said unit delimting wth said cavity a working
chanber whose volune varies according to the axial position of the
_rod/piston unit" The extremties of the Ao rod/ pi ston units com ng out of
the two cavities 20 are coupled to an activation elenent driven in
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D be OPen el Bemud) 1 K VRPN iy TESGTRYE, o o 0wl ves
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portion ensuring; t i ng pol nt between e two electrov wher eas
t he ot her Wﬁémmﬂ@ ini Ss@QRERERIby Ainge deperndont it the @itkasioss bftieed
bet ween the second el ectroval ve and the pipetting neans, -3 O course,

t he devi ée cfrinpe withoaiti bwing pessible aolddaptantol othénupreciseanmnges. control | i ng
nmotori sation and the el ectroval ves designed so as to provide a cycle,

i ncl udi ng at | easkherefore, ghp ebjqch @ f she davensionds ¢ pronddeifirst obnBat pipedinge i s
open, the second el ectroval ve is cl osed ar]d t he torjsation drives in

transl at i on 9CKES (BVIPEf SHBPSNSEHNE UHNEORY 3 §HdG JROtoRsatl (e Pielithe

two wor ki ng r e | . i he [ (PR
generating § %@%ﬂﬁg aE‘S rs)&%%‘e%? ﬁ%}jﬁ%?{l&%@@é@&ﬂ%&g@ ooffm%fl‘L ? %@ﬁﬁgg&?s\%ﬂagent
n the pipetfd ppdCaftingaiiPeds duifinl SRIRASRIRDIING!diMheOlssbilyl digeate
chanber provokes suc |ng£’Io up of the rinsing liquid inside thi"s chanber, -
a deliveoy poasibilitp ofichafgihpehd pecBiciciangval ves are in the same state as
during the pipetting,; phase, the notorisation then acting in such a way so
as to provoke a rldudnvaptioof alshecowtcmes pipatting dwiitd nyhedtastractsrarmnda
delivery flow of the ii qui d@éo he anal ysed  or of %he ,regicti ve agent.. 15 -
a rinsing phireanatesliom agnedylarisation ofcthe pipgliecandTinsing elemepis se 45 tohe

second is opgn,, the notorisati.an driving in translation the two rod/piston
units so asdgg lPeog’E‘E:lB R %lﬁ‘ﬁé‘/ 8?“?"1&8" two working chanbers by expel |ing
the rinsing |iquigd {8y, t+a] QYR i X - e,
t he devi ce of theg%i {nb\l}g’notq%%ﬁ tié(b)él}lfg I ﬁéﬁﬁ%gﬂguﬁ%ﬁﬂ'ﬂgg Z0 Bﬂtrlr(g H%@%l;ﬁ%ts

whose 1 qsl/ pusleat twd pamditg 08IORSYIAE differendUifensiels, igdse aWo PUrepm@Btundd
whose wor ki ng chanbers are respectively connected to a circuit 1ncluding a

nunber n of eatlcinclodinigvescylindsieali eavitye spride iwlelly a oodipistend upit slidescwitbui t
portions ensuring the joining points between the_ el ectroval ves concerning
the n-1 fir&npemiousacss, saidupil [deHmingiwith sadmsaity of working: ¢thamhoy avieseng

connected to {he 2s.circuit. or ion.situ ted%r? tween.this n '  electroval ve
and the pi pEPTHRGVHRERCO PE deliiinely Rﬂ!ﬁ?@l @ctrﬂgg?“‘_(ﬁ‘é‘él"ﬁﬁed in such a way
that in each of %ﬁb%x%ﬁﬁﬁés §‘ﬁfé%h{ fo“d/ﬁ'H{B*ﬁeﬁrri%fc&ﬁ&gb&ﬁ"(ﬁ*tﬁéﬁwbsca}/mé’.%d In
a cl osed state whereas e ot her valves, "nanely a nurber n-1, arc found in

an openyst agR DUApRA ageMmiSddivalibe eleMiche @fivdmhani RYRSIHHON BPUd dedmisbrde a
Plurality of -4 nodul es each including one punping unit of the said type

whose wor ki nptofigattoer i s connected to a circuit portion including one
el ectroval ve. This ci rgui t portion then includes at ,cacti of its
extrenities nmeandNearorkBunembey alsachof he pumpingomiisda mercarer sramesisdul e
and/or to the pi. e.oge‘n‘i ng i]nt.o ﬁg@e rinsi ng qulurid S . 858 YR /&re L9 t he
tube connect%d HEFUHMGEEREYEY 1§CHEUIR PR SRETINE: Yy Acdfigng liquid reserve,
two successive electrovalves and a tube, possibly flexible, connected to pipctting
25 means, such as a ncedle
The largest working chamber is then connected into the circuit portion
ensuring the joining point between the two electrovalves, wheteas the other
working chamber is connected into the circuit portion situated between the

second electrovalve and the pipetling means.



between the notorisalion and the rod/piston units are then designed to
~allow coupling of the nunber of the desired nodul es,. Enbodi nents of the
invention are described hereafter given by way of non-restrictive exanpl es
with reference to the acconpanying drawiimgs on which v to Figure 1 is a

" skel eton di agram of a pipetting device conformng to the invention using

two syringes Figu 21is i m.n i agram of a conpl gte operating sequence
of the pipetting égﬂ”é'éesmvdﬁqugéﬁ HIVENUOR; Gaf) 18 di‘té‘“hﬂﬂil'é‘éﬁ Q%ﬁﬁﬂ Qr

a0 an ol st g BRSRHRTEN, fla i PR AR | R g p vl ©

Figure Sis iﬂcl%ﬂ'irgspﬁ%%\js‘{e view of the device of figure 4 in an assenbl ed
state, zo Figure I's diagranmatic cutaway view of a nodul ar' punping unit
able to be used in pipdiiRg!pitsden ethigtonherfitshlédrdvabve iy @pehottic Segurd 7
is a diagrammatic representation of the punping unit of figure 5., In the
exanpl e shown on dlegunalve ist blosed pattthagndevisekon mrivasiés tramslationpthagtwmi t s
1, 2 each includi nﬁ a cylindrical body C, C in which a piton P, Pl 2s
moves and whi ch d6H{pistoR LS KO 45 kR incsease thevolimaet thetwo wpikieg shambets,
chanber" This piston is integral with a rod . f. . 'T corning out of e body
on the side oppostfl'f’ émtrSaS(eh%te%?JPF’(?n‘ﬁthﬁr?&’ﬁﬁi’]b‘“hﬁwsr EOERHILE glﬁﬁglgt?%ﬂgﬁ?ﬁi on
activation nechanj int i . || el e . AC: ich the
rods T and T' ar Ql(ﬁ‘mllxtgdgé)%#g‘bggﬁisora%ltgg/%%?v\“%eﬁ&%l%' ngegélpg@@tlo 5,
mtigate any def of lhekd SNSRI Wb Bkdshaickgp! | ng
cl ernent AC whi cﬁﬂtt‘aé‘teeng?%air‘%kl ?Ip‘%o})m?ﬁedfg%sl%cwhe cylrirmj’ri cal gog%ggs C
C, s - 1@ pinion dpbftkhi vaRidyliquid inpdetHiochadbahi ch gears wi 111 the rack

C .R The bottom of each of the bodies C, C is flitted with a piper C0,

C .0' nuking the adeliespqhdsedn wikh the ¢war¢letieovadersmarniivahe saiehstatecas cui t

including in seriges, a pipe CPS opening into,a.rinsing. Jiquid reserve RT.,,
two i 0 successi véi”&%gFMW’%PE@’\?&’@?O&W&“% ﬁl“-’ékqoéllnéq{lé%h F¥oihekt ed

to a nobile pipettin edl e AR, Thi f el S: l-ate e
able to be engagéé qrﬁvc{}]lg; f“orlfguﬁ&%g?i%?g’gﬁhgfﬁ?ﬁfggf‘ﬁﬁ'%?mgka%&g)egi aéﬁoé.\jm, a
reserve RE cont ai{ak; 3 ' the $i$ receptacle
1ZA and a rinsi nﬁlﬁgrr?ﬁfel?@%tﬁc ﬁ/glrlg t@’g%ﬁ@’?g?%%t%ﬁ&ﬁ?ﬁé %%é“li"s connect ed
to the gsrcuit i JnrinbmpopRasef i Renidh theefitst QlatvealRYid clds¥éd, whdbs Hipe
CCf opens into the circurt portion ensuring the joining point between the
el ectroval ve EV2 sacuhd fseopare dhe miRorisatiomt dovingfint inensédteont thoviao esl/pisivn, ~Vvz
and of the anotor MP is ensured by a ~nicrc~cc~ntrqller MC' The optj.cal

. pt |
sensor only Fur niudissomsdo redicg thpyeiumenl e tpswerking ghambers by expelling
the rinsing liquid they contain towards the pipetting mcans.

Of course, the device of the invention could includc a number n of

20  pumping units whose rod/piston units are connccted to a given activation clement
and whose working chambers are respectively connected to a circuit including a
number n of elcctrovalves in series respectively connected in the circuit portions
ensuring the joining points betwcen the electrovalves concerning the n-1 first
valves, thc smaller working chamber of the n'™ valve being connected Lo the

™ clectrovalve and the pipetting means. Said

25  circuit portion situated belween this n
control means are then designed in such a way that in each of said phases a
specific number i of electrovalves is found in a closed statc whereas the other
valves, namely a number n-i, arc found in an open slate.

Advantagcously, the device of the invention could include a plurality of



20 In this exanple, the state of the valve ~V~ is still opposite that of
the valve EV->, that is when the valve EVE is open, the valve EV2 is cl osed
and vice versa. the functioning of the piﬁetti ng devi ce previously
mentioned shall be described herea~cr witt reference to the timng diagranz
"of figure 2,. According to this timng diagram. in the initial state, the
needle nP is 2s engagﬁd,i he reserve RF, the valves 1JV ~,  EV2 bei(ngz’S
respect i vel ynadelgateaghi mclyiing e aHaRinG 3wl 9bsihei $1d tYRe Whess warking
i nactive, th i,st ons bei in the idle. pOSLlt 111 osition Q). 'f-he.two
wor ki ng- charERBRe & SO s Gk Poridhoinel il obf BokioR R Thisqiriil The
pi petting p i . oL -, b p&ﬁ.{] 1 i : . r
_g. WP (neggﬁ ?@%ﬁ g'llérngglte P@% aléggcet]sbjﬁ %’S rgr%tve tﬁé%%s;ﬂﬁdﬁg%ﬁg 5} hﬁoamﬁlmglrds.
During this rp'&ﬁ&&rﬂﬁt andther Pt ahd/ci RATIRS pipeCbp&tiin®fintd¢hd rfaing fignidai ned
in the reserve RE inside the needle AI' and one portion of the flexible
tube TS, swheesase ahd/opits tlen tubescumnected (b ke pipesting meanui Thecontpdingemeans t he
reserve RE. s During the next phase, the needle PA is noved fir exanple so
as to be pl dseucebdhe reotoriasion end thecegipistos wits aronden; designesd fpallowon,
t he device can ftar the deliv Ey phas(f dar'ng whi ch the notor M' rotates
in the oppodiotling o the Brnber efthede R uﬁstons P, P baclc to their
idle positions {pasiti.on , i.lst  this.l i h t es
to atay its the Sameodifotor sMEnghulel S SeneBBET Heifhnst et 55 SRV Y
i quid, prevj.ausly:.d j : . | NS s ol I :
wher eas t hewﬁ)ﬁ;&? (L)ﬁém&ﬁg S?F(?@ 3‘?‘“?%'3???@“&\3@ P?_e’(}ﬁdlcgﬁ}ﬁg g?‘élge(? ﬁ?’?%s@r@gi,%hdwce
this deljpvery phéﬁRguﬂéaE ignd sl clonediagemh & AP pijsettin® Webicct eorifbeninizgtet thef t he
rinsing chanber PR so as to all ow execution of a rinsing phase. ring this
new phase, titnecrsiontiesinggd twdeymhgsst r oval ves is inverted, the el ectroval ve
. EVE being closed_and the el ectroval ve EV2 open, whereas the notor MP is
activated so as tHog@el 2\isra tigeingi HegEn |AToiceMRiet PPREALLRS: SERENCRPIsING nges
inthe direction ol the pipetti.ng needle, In fact, this delivery takes
pl ace in sePPRHNNGLGYIEE SEQ@H ‘E’o‘r‘g‘g@;‘ondi ng to zo one or several steps of
the nmotor MP.. U Il nsi X I : i -starts
& ti11ing phase GOFrgg it SHePRRURS g ey YRR GP IR ERImERCo R G
el ectroval veykyk drsfighesied The motor M' is then activated so as to nove
the pistons P, P downwards to provoke the required suctiorl~, During this
tilling phase, téguel4 iipiangex;ﬂbdec?pé‘s?wmookmw pticke rmbodiméntashoviay anhe
needle Al'.. AS a result, the return of the device to its initial state
i nvol ves anfigure 8vdCL1i 1t 1Un phase during which the el ectroval ves EV 1, EVZ
axe respectively_closed and open azad tire rm1t or M {_s acfivated so fs to
obtain a deliver fIBHCthé RiRGEIRGEUNE JiT Rt Aeniss PhIghe 4 Al assgmples!
t hr ough thes@:[?edl e. _7_\Wen the air is rencwed, the device returns to
its initial %te in which the el ectroval vcs r,Vl, rV2 are respectively in
fo ggi opet, s tate amgyie@SRAEAMENMENERES Ve dTiahonslaP pakiping 8it laBleto

be uscd in a pipette device conforming to the invention.

Figure 7 is a diagrammatic representation ol the pumping unit of figure 5.
In the cxample shown on figurc 1, the pipetting device includes two
pumping units 1, 2 cach including a cylindrical body C, C' in which a piston P, I
25 moves and which dclimits with a bottom F, F' a variable volume working
chamber.
This piston is integral with a rod T, T' coming out of the body on the side
opposite to the bottom T and which is coupled to a translation activation

mechanism introducing :



Advant ageously, the previously described device could be di nensioned so s
-as to be able to be conpatible with currently used anal ysis robots. By way
of exanple, in this device used on a robot as described in rR 2 779 X27 ; -
_the mninum volunme to be pipetted coul d "Be equal to 5 ul, the maxi mum

vol une being equal to 250 ~~1, (this volune being determ ned by adjusting

t he nunmber of steps o nmot or_during the su and coverin

_th , i _ph -
tbr restoring thé ‘%’EHL{‘E\? e Y onevpl R %ﬂo Tere digd (H}%%iﬁf%gfﬂgiﬁ d
b | to 8 nll,. - the .stant.deliv o dhp. ] 73" 2
~i/ g,qu?he SppeP ééwt%]}zl@fé’?@ “Béﬁﬂléﬁll rﬁ%‘iﬁi"‘%@??&% ng&‘ra@éﬁjs%g de\S/i g(ra coul d
be made to Qarrya%%ké@(ﬁﬂ@@?ﬁ%ﬁﬂﬁhé[’%ﬁgblgﬁcm&% A AniPeAbndopheRiibl t¢ th a

duration of 10U ns per one nsi ng, ssure of the rizasi st ages
could be 3 bars, the éil@oﬁﬂi@éylﬁﬁrié&ﬁ@bdi@yCQGnSi st of a step back-geared

not or including 20U steps per revolution, zo - the divneter of the piston
ofi the body of thgnjond8N tdriven byid sttp omubdMPewbiphatearowiill therrackHeReas t he
di aneter of the piston of the body of the pipetting unit 2 could be 3 rrnn,
the length ofthe two bores could be 55 mm In the exanple shown on tit;ures

= given plastc BRScROUSH Aleachy of Bk Badics tor ChRHGH sl opinet 8 O "
trademar k) hayi.n i I v al | i.pe il S hody s udes
two bor s AT TR ARBSHORTRE) aPRDE Rl rFouditRfeld' O sl CF

t he bl ock, I1G:0er Ni ' he 1 | riq; ; ! CRY Oftwiohe
block.. !'nt é‘?‘?‘ggpﬁ‘z?é}g@r? :}gﬁgﬁﬁéggeﬁl\?\g hgqgsrlgalgggiql?\%%g@ge%f \%vb g
fCOﬂi cal Il@O{ Eﬁm&li’?@blcbdti;cﬁal\&b EEHW, fE‘Vﬁ%nca aquLE}ibitﬁtﬁg TSt conree tddi lférn tg\hﬁ)ilutpper
ace.. In e vol une between e two bores : , a cavi Ais

provi ded whpigettiqmensediat\P .(Tds hoodle Alhiseactivatadrse Fsriore 4hle & ﬁagnqu as a

vertical passage PV ext?ndi ng between th upp%r face of thg cavity, CA acrd
the upper f XetiO@F r¢qeptaslas SHKh asetoyy @EMRIe (A3cShPRik 2 FREVEoRE HNIBINRE 3 s a

mpervi ous SPE b RenkR Gecycah TS RneRRT RS R OMRERRE o, © 1O
I f stai - 21 : ' :
Cl Tang i mpor vi ob R SPERIERIEIRRH . LO) K CRARHEL bd IR PRI ol e

gasket s,s THRcHBPAVeSEV SBEV, @hePipé €3 SpedimbThORIrdit pdriéie chsitipiihe
whereas their lower cxtrcrrritics 1 nclude two respectivé throats enabling

themto be jdinied point ietwexh tienelectesvaive BVhandzbaheddloddhch of an inverted T
actuation el ement PA and enabling themto be dismantled" t5 The verti cal
branch of this a€eutol ohthe deetravavasAY s BEY xentl ebthenpotos Ml iesasused by aof a

vertical rail 1tV abl.e ve in vertical .transl.atipon,~u~g Wil cl|
mlcrocontrofler MC e optlceM sensor only furnishes i ZCI‘Od position of the

system.

20 In this example, the state of the valve BV is still opposite that of the valve
EV,, that is when the valve EV; is open, the valve EV; is closed and vice versa,
‘The functioning of the pipetting devicc previously mentioned shall be
described hereaficr with reference to the timing diagram of figure 2.
According to this timing diagram, in the initial state, the needlc AP is
25 engaged in the reserve RE, the valves EV), EV, being respectively situated in the
open and closcd positions The motor MP is inactive, the pistons being in the idle
posilion (position 0). The two working chambers of the pumping units are filled
with rinsing liquid.

The pipetting phase is then carried out by means of a rotation of the motor



passes into the cavity by nmeans of an orifice provided in the bast and then
- through the passage PV, Thin rail RV bears a rack ClZ on which the pinion
PN gears, said pinicm 20 bciz~g activated by a hack-geared notor (bl ock at
t-he broken points MP) and which is housedin the cavity. Mreover, two
"electrovalvcs EV,, r,V~ are nounted on the front face of the body in

conmuni cati Qn V\&th o] pgs made in the block 13 in acc rg’aaace w&h? he
circuit showWPomegaidys girgcionssg & toymove dhe THA RiIPPE &) Fr BPWIPMENdS, Wi ded
for detecting.the "zero’ sitign of the_ rail-RVY. The functi.qni = this
devi ce 15 1 dbinroxPRER, (REBBH Brabrrat iyl et it chdfisuR pertie
descr! bed NORE hliddGhe!deed WA AP LS Sortibn HEAHENXMIE i TS WHres! e
particul arly advan ageous ~~9 owng'to Irts conpactness, its case o

i ntegration,pyiktha PRRLdKE WEQhé einSinigMidiad odfamcdURRhefesbive®BNS of the coni cal
shapes, its precision ich dchéds on that ofi the rod/piston units TPr,
TP2 whi cl§ can be Dudiyg el naxtt phasee tier pomlly PR g peovied~fomexempie o sis dn, beand
its reliability., 5 Tn particular, the elimnation of bubbles is due both
to the coni qdaceshaboye the avalgsis sepoptaioRAunits TPI, TPZ and the cylindri cal

b AL,, AT, 2, I} .as th f tile of th | o
Ut her mor e, hO WA BB IPE SV e s Do dEIRE PRt g high

e con el 3. PO g 16 RO AL PR BT e _
means AP. Oy, GAUE-SAle hBGLbRY %Q%%fg% 105, ™Rthifst AR ¢ }hgﬂﬁpﬂﬁ r Oy ef:tﬁ‘bx?al es

solution. It also conterns a r “devi ce rising I'ng nodules able to

be assenfpl edtdyoinefe Rafiehale dsprebRusRyardtie padtenl Podelivegs tiesliquidnstedioukly t his
exanpl e, each )ﬁndul e M I\%)i ncl ng)e/s a c?ﬁ ndrical cavi tyﬁccgl,gJr CC~ ?n

whi ch a rod/itglkest onthenbeedld 'AP,dnside 1he 2ecptaclaRell wherasrthopistaat Podelivotrsock
MJ) common to all, the rod/piston units "f1"~, "1'Y'z is able to sl ide
i mper vi ousl| yhe rinpBgtishid nsidethgdeser¥e body having two paral | el assenbling

oty 11116 oLt L0 SR Rbviey i ) eafet BF o et RS brekghhtp thecrght s on
ini ¢ consti toeregr e shinPeb PR SoResiB FEY H ol A A pEE 2 ontly

fillces,sthe orifDg@s qhist Bew phaie, e atfe cHUIRDP @bOVRIved R CiRivEAB],MHRY | S
for the scal ed connection of pipe sections CT of several nodul es when the

latter are aicvtrivhba KEVgbeingrclusal drikbthe dadmivhlve EN¥2easpeanwhtieasthé motdn s
position, fir exanple by tie rods TR 25 Sinmlarly to the 1lregoing, the pipe
obtaiticd bMPhHeactdvated ¢ on toflelives therinsing liquid spatairpdpinghe tew syEngehivect ed

on one side to the rinsing.liquid receptacle 1ZL,, and on the other side to
a pipetti ngt%@ﬂ?@“mﬁf%’e&’ép%ﬁ%tnFB@ﬁ'I ves EV' arld the notorisation MJ are
connected to a nigcr LSBT, rQl el [ s atamad Qadin b ach

of the nodul es erﬁtf%%ﬁ‘gl‘?%‘VF?}&?%%?&%%?EE‘%& sfagés Sadh %gf?‘?gghhg\n&{ghﬁt | ~c

cylindrigal oqaWrk¥vdrsstendoMhieGhotoPdms. onto the upper face of, the rnodulc
via an orifice constituting a parallel outlet SP~ This pipe @' can be

seal ed of f by a wWhrelthe eisinggihase hybesn elmpletedytigndsvicd Stertunifillihgphaseg an
s clectrovalve r,V 2 simlar to the electrov~rlves EV. ~ and control | ed by
t he control duringuwhiclt thi elostoshlvel EVut iseopensPvbensapdhe alemitavalva EMzhis

pi pette need| e AP_by neans. of compon collector. |t is clear that this
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evacuation phase during which the electrovalves EV |, EV, arc respectively closed

and open and thc motor MP is activated so as to obtain a delivery of the rinsing

liquid contained in the units | and 2 through the needle.



~~laln5 1. Automatic pipetting device with rinsing, this device allow nS
- the restoration of reactive agents and being able to be used in an anal ysis
robot, s characterised in that it conprisgs at least two punping un its (
1, 2) of different capacities, each conprising a cylindrical cavity (ALt,
" AT~2) inside which a rod/piston unit (TP1, TP2) slides inperviously, said

unit delimting with said cavity a working chtur~ber whose vol.ume.yaries
accordinb to t heV@ilFaltﬁ?)Gg i'$ irm%qu,ﬁﬁ%ﬁpgﬁp&e%t%ﬂ ’c‘”?%ﬁ‘}tefﬁg‘ﬁ?c# he t hat
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by a common JL&RURE ?ﬁs@éﬂs%c(dyﬂhe RAélpbditibh@t the working chamber of each of
the punping units (f , 2) is connected to a circuit successively including
v pi pe opening i Mdvantageomasiyy thd previbussdesceibed ldevick coultbbes dimessaned so

cl ectroval ves (EVr, Evzi and a tube (TS) connected to pipetti.ng neans
(AP), the 13s|tabgedie tob¢ compatihlamith cweely wisdnaelysis tobotshe portion of
said circuit ensuring the joinjng painf between the two el ectroyalv (EV1,
EV2), whereas th&bi¥eT Oﬁﬁxfkmﬂ : é‘hélﬁﬁéf“"i‘? '&?ﬁn@b?é&}’%aﬁ ﬁ%s"éibf‘édptﬁﬁgrti on
situated. b the second el ectroval ve (FV2) and the pipetting nmeans
(AP). 20 2 i according to claiml, cl> aracterised in that it
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(rVvr, EV2) designed so as to obtain e Including at least ; - one

pi petting phase ivahwht Goiddheqdal ks seldcfthivwallide Meing-detesmivpdrby ddjasting
second el ectrovalve (EV2) 1s closed and the notorisation (Nli') drives in
transl atibon 2s t dhe mombedpHitspoaf theirhetof Uriing TR2judionandicovicring phases);he
volume of the smallest working chanber and generate suctiop of a liquid to
be sanpl ed by t hdoprgskaringidereaaiiyc(agPntsatie @ﬁané@i\én%m E‘Plélﬂfvgpdtcﬁléldoi'
the | argest chanmper %[Evoé;i qg suction of the rinsing liquid inside this

| ar gest chanber, © 44§ i BHy phase in which the two el ectroval ves (E Vr,
PV2) are in the 12 state g [ /09
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sai d wor ki ng cha i iMary of the liquid previously sanpled, and
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translation the two rod/pist,on units ('f1'~ 'f1'2) so as to reduce the
vol uznc of. the worlidngl withrbduation efk b3 msnpen ore rinsisgnghe ipgessure pethe
contain towards the, pipetting an 1&~1P). to 3,. Device according to claim
2, charact eri sed rnsingdegesiou ﬁg" the rinsing phase, said cycle includes
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activated so as to obtain a delivery of. the rinsing litquid in the

di rection of thetpilgent, whareanthe(diBnetes.of (Depisten ag(ﬂm biody of theopipeding he
preceding clains, characterised is that the cylindrical cavities (ALt, AL2)
of the two punpi HQ'tl}’n‘FQ”sldﬁeﬁ,mﬂ), are enbodied 20 in a given material block

(B)" 5. Dcvicc aggcoydi ne ,of thepre ing clainms, characterised in
that said zfot or&@%{ﬁ“&ﬂ%ﬁ@ﬁ&’é@‘ﬁe%‘?%ﬁ b(c%%?m iving << pinion (1'N) which
gears with a rac i i +Sak. vty ; inett ice
according to one%?@%@lg%@é}m&ipéﬁlﬁ%%%ﬁ%’rd a%?}égpgglggigg%ehtgfo ?W_g upper
e~ctrenpti egn@f [ he &¥l intcirhedl ircaviiveasplatit blédk DL angdd, hiorr odniplet oh
units (TP~, TPZ) "are coni cal. _

Plexiglas (registercd trademark) having an approximately parallelepiped shape

This body includes two bores AL;, AL, centered parallel to the vertical
axis of symmelry of the block, said bores opening outside the level of the [ower

face of the block. In their upper portion, these two borcs end by two respective



-13 7., r)cvice according to elainl 6, characterised in that the conical

. shape (PC,) of the smallest. cylindrical cavity (ALA) comuni cates directly
with the pipe con;nectcd to the pipetting means (Al'),. 5 8" Device
_according; to claim1, characterised in that said punping units consist of
nodules (ML to M4) each including a body having two parallel assenbling
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and shall not be described here in detail.

Nevertheless, it proves that this solution is particularly advantageous
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Yolo 5 In particular, the elimination of bubbles is due both to the conical shapes
of the rod/piston units TP, TP, and the cylindrical borcs ALy, Al.,, as well as the
surface state of these elements. Furthermorc, the passage of bubbles is facilitated
due to the fact that the conical shapc PC; of the cylindrical bore AL, with the
smaller diameter communicates directly with the pipc connccted to the pipetting
10 means AP.

Of course, the invention is not limited to cmploying this solution.

It also concerns a modular device using pumping modules able to be
assembled to each other in the way indicated on figures 6 and 7.

In this example, cach module M, to M, includes a cylindrical c;zvity CC,,

15 CGC; in which a rod/piston unit I'P'}, TP'; activated by a motorisation (block MO)
common to all the rod/piston units TP'; TP, is ablc to slide imperviously.

This module includes a body having two parallcl assembling faces I'A;,
FA; into which a traversing pipe CT opcns, in communication with the
cylindrical cavity CC,; and having one portion able Lo be sealed off by a ncedle

20 activated by an electromagnet (the unit constituting an electrovalve EV'y).

At the lcvel of the assembly faces, the orifices of this pipc CT are equipped
with connection mcans for the sealed connection of pipe sections CT of several
modules when the latter are assembled together via their assembly faces and fixed
in this position, [or example by tie rods TR

25 Similarly to the foregoing, the pipc obtaincd by the connection of the
various traversing pipes CT is connected on one side to the rinsing liquid
receplacle RL, and on the other sidc to a pipetting needle AP.

The electrovalves EV' and the motorisation MO are connccted to a

microprocessor control circuit MC.
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It is clear that this modular structure benefits from its extreme flexibility

j0 and can be adapted to a large number of situations by varying thc numbcer of
modules, by selecting modules having cavities with a suitablc diamecter, by
grouping modules having electrovalves exhibiting the same states, by selecting

the outlets most suitable lor carrying out the desired functions, etc. Of course, this
sclection can be provided by a programme implemented by the control circuit

15 MC.
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feabt two pumping units (1, 2) of different

characterised in that it comprises at
capacities, each comprising a cylindrical cavity (AL;, AL,) inside which a
rod/piston unit (TP;, TP;) slides imperviously, said unit delimiting with said
cavity a working chamber whose volume varies according to the axial position of
the rod/piston unit (TP;, TP;), in that the extremitics of the two rod/piston units
(TP;, TI;) coming out of thc two cavities are coupled to an actuation element
moved in translation by a common motorisation (MC), and in that the working
chamber of each of the pumping units (1, 2) is connected to a circuit suceessively
including a pipe opening into a rinsing liquid reserve (RL), two successive
clectrovalves (EV), EV,) and a tube (TS) connected to pipetting means (AP), the
largest working chamber being connected in the portion of said circuit ensuring
the joining point between the two celecirovalves (EV |, EV;), whereas the other
working chamber is connected in the circuit portion situated between the second

clectrovalve (FV;) and the pipetting mcans (AP).

2 Device according to claim 1, characterised in that it comprises control
means (MC) of the motorisation (MP) and electrovalves (T'V,, EV,) designcd so
as to obtain a cycle including at least :

- one pipetting phase in which the {irst electrovalve (T7V,) is open, the second
electrovalve (EV,) is closed and the motorisation (MP) drives in translation
to two rod/piston units (TP;, TP,) so as to increase the volume of the
smallest working chamber and generate suction of a liquid to be sampled by
the pipelling means (AP) and an increase of the volume of the largest
chamber provoking suction of the rinsing liquid inside this larges! chamber,

- adelivery phase in which the two electrovalves (EV;, T'V,) are in the same
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the working chambers by expelling the rinsing liquid they contain towards

the pipetting means (AP).

10 3. Device according to claim 2, charactcriscd in that, following the rinsing
phase, said cycle includes a (illing phase during which the second clectrovalve
(EV,) is closed, whereas the first electrovalve (EV)) is open, the motor (MP)
being activated so as to increasc the volume of said working chambers, and an air
removal phase during which said first and second electrovalves (EV;, EV,) are

15 respectively closed and open, whereas the motorisation (MP) is activated so as to

obtain a delivery of the rinsing liquid in the direction of the pipetting mcans (AP),

4, Device according to one of the preceding claims, characteriscd in that
the cylindrical cavities (AL,, AL,) of the two pumping units (1, 2) are embodied

20  in a given material block (B).

5. Device according to one of the preceding claims, characterised in that
said motorisation includes a motor (MP) driving a pinion (PN) which gears with a

rack (CR) integral with said activation member

6. Device according to one of the preceding claims, characterised in that
the upper extremities of the cylindrical cavities (AL, Al;) and the rod/piston

units (TPy, TP,) are conical.
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assembling faces (FA,, FA;) inlo which a traversing pipe (CT) opens, said pipe
being in commmunication with said cylindrical cavity (CCy, CC,) and having one
portion ablc to be sealed off by an electrovalve (EV')), the orifices of said pipe
10 being cquippcd with conncction mcans for ensuring sealed connection with a
corresponding orifice of another module (M; to M,) when the two modules are
assembled 1o each other via their assembling faces and fixed in this position with
the aid of fixing means (TR), said orifices moreover being able to be connected
either to the rinsing liquid intake pipe or to the pipe connected to the pipetting

15 means (AP).

9. Device according to claim 8, characterised in that each of the modules
(M; to My) includes a pipe (CP) in communication with the cylindrical cavily
(CC,) and which opens outwardly by an orifice constituting a parallel outlet (SP),

20 said pipe (CC,) being able to be sealed off by an electrovalve (EV").

10. Device according to onc of the preeeding claims, characterised in that
said electrovalves (EV,, EV,EV';, EV';) and said motorisation (MP) arc
conirolled by a processor (MC) receiving information relating to the position of

25 the rod/piston units (TP,, TP,.TP";, TP").

11. Device according to claim 10, characterised in that said information is

obtained with the aid ol an optical fork associated with said rack (CR).



