;] }e3erf[1:66TF=F3 s AUTOVATI C PI PETTI NG DEVICE W TH RINSI NG ~ o The
. present invention concerns an automatic pipetting device w b &l f
the pipetting, this device permtting the restoring of reaﬂmﬂmwmmﬂmmmmﬁand
being able to be used in an analysis robot. It nore particular concerns a
- device of this type having a nodul ar structure enabling it to B¥'&asily
adapt ed according to the required precision and ~ s specifications as
regards the quantities of products sanpled in the pipette and the
quantities of rinsing liquid used. Generally speaking, a qmwwmeMMMﬁmmof
devi ces have been considered for carrying out pipette and es,
particularly inside an automatic anal ysis device. 20 These devéw®s nornal |y
introduce at | east two notorisations, one being used to activate a dosing

syringe, ;whereas the OhRFFOVPAYIEPIFEFTING DEVRCREWITH RINGING'
injecting rinsing liq . ; r small
quantities of liquid does not have sufficient capacity to carry out
rinsing. This solution therefore proves to be relatively conpl ex and
expensive. It 2s introduces a punp whose notorisation is costly in terns of
energy and whose fragility and period of |ife are | 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 wthout
requiring any mai ntenance for at |east seven years at the rate of the robot
on whi cipit 1s used. Yhepheehnhfvention dobainsoin AtBniarREpipenihgdfsied With i n
the patent FR 2 779 827, 'this rate is 60 tests per hour for at |east two
hours per daysiaphf2RO pijsytingehisydavicd pdraditting; thelrestbrihg ¥¥@Oadtazt &ents and
Furthernore, one drawback of this solution consists in that it only allows
pi pette sanbeinggble v be wsedgnanmnalysis whbotange dependent on the di mensi ons
of the s syringe, wthout j.t bein ossi ble to a t. it tq other precision
ranges. Ther ef or &, Mg Q?S*‘%‘t’:l?ﬁ%f g‘?rﬁ’@r@%@eﬁ?‘ﬂ% ‘?qgﬁllﬁ) %P%&i%ng id ROQHan| | 5
pi petting dgyi hayi (0] J-FEA s i t.ngl ri.sation
For pi pott o Litfie delie s 3 BE s} BUENGI Gebian RPIne RoRlAd fodBofraf .
i's simjar §pbciﬁ&$i%n@fastr8$arﬂs!ﬂ% f@arftities tHré@uds shdpRidt il the Ppétt@and the
reliability ‘of the assenbly with the possibility of changing the precision
range. The quangitics of ralsing lequidersed. a pi petting device whose structure and
ki nematics all ow a nodul ari sation of the_ pipette and rinsing el enents so as

to be able to obEaneralyespeakingx polprge yumbe ehgevicsy haye thgenmonsidererb fer
results, the pi.pettin vice of. the invention inc¢ludes ~ at .l east two
i g uni caeiBE oy Mgt pih R sinkeoriel G Barigilery Bt n g RoPbrie ABihstsh
including gg&ybd ndrical cavity inside which a rod/piston unit slides with

i npervi ousness, said unit delimting with said cavity a working chanber
whose vml unme varThkescadeacel ngrmhally hetraduce! atplesast two mbtorisations)/ griesbeimguni t .
The extremties of the two rod/piston units com ng out of the two cavities
20 are couptssd toqchivateca dosing siriagenwhereas itheathen 1s pegesioadiive ibyotatienmmon
not ori sati on.

pump for injecting rinsing liquid. In fact, the dosing syringe provided for small
quantities of liquid does not have sufficient capacity to carry out rinsing.

This solution therefore proves to be relatively complex and expensive. It

25  introduces a pump whose motorisation is costly in terms of energy 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 years at

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



The wor ki ng chanber of each of the punping units is noreover connected to a
circuit successively including a pipe opening into arinsing liquid
reserve, two successive el ectroval ves and a tube, possibly flexible,
connected to pipetting 2s neans, such as a needle. The | argest working

- chanber is ideseritledninght edtennt® 2 189 27 this rators 60nestnper hawg fohat jeasniwig
poi nt between the two el ectroval ves, whereas the other working chanber is

connect ed i hoBrsprs dayrangi 220xdaysinen yean (thaatds, abouik80Athigsisdcond el ect roval ve
dth i petti . -3 t he. devi f the.j t.i

ond (e Dbt e o2 ahcolt e, g dout s o Lig BETA QY on

el ectroval VE;g)éﬂé%aﬂzmﬂ{gg%aassipglregér@gflsﬁﬁl laang¥‘ife§eﬁdb‘ﬁlt el tﬂgt ch§BAS 'gf Ehéa

pi petting phase in t he l'ectroval ve i's open, e secon

el ect roval veytingewihedt Ainggosdtilotd addpt entodsthyesrecRid Apgeat i on the two
rod/ piston units so as to increase the volune of the two working chanbers,
the increase of Jdkrafereyfthe objestraf Ithe rarentiongete providg fswckf a aipipettinge
liquid to be analysed or of the reactive agent in the pipetti ngf nmeans,
wher eas t he JPVICE ipyanga GuPRIgeStBICIHISUSIRE ANy 2 1siale rmptosisaten Ton duPHHE up
of the rinsing J.iquid. inside this. ch (. - a delivery .phase in i ch.the
two. et ect r ooarptbd pd rififie ind has€paPBRLy apgrhetialoft SaRRTBINARESE | ne
motorisatio j i & btNRYortAnASrdlabRto v 3] t he
vol unes of ghaeit g%@ﬁyﬁg%ghantﬁ)ggg an%yﬁaopgeliﬁvrery g{tgw o} eﬁ%éﬁpmi d{}% g{ebe
anal ysedo or possibihiey o€ akdrigieg dgeprecisiorsrange. ri nsi ng phase in which the first

el ectrovalve is closed, whereas the second is open, the notorisation
driving in transllThei tyventient 8lso r eelqeinst @n pipetting sdevaee twhosedstrectune ansl une

S bl AR Bl SR Bl AL B A R L8
i ncl ude a nHlS’lJ%% olg&% a‘%ﬁ";ig%b{%%@smose rod/ pi ston units are connected

to a given activation gg‘l_g')enen _ “wor ki ng chanbers are respectively
connected to a cRpGMith dopsih YHERGIeSulRUREpipetig 86¥Es LPVIR MR8ntibn IRIILES
respectively connected in the circuit portions ensuring the joining points
bet ween 14 heateleastt twav phmping-omicehaving different dirthenssonsy shaseswot tnenpimeg liets
wor ki ng chanber _of the n "' valve being connected to the 2s circuit portion

situated beeafdenalwdiagn wylindaealocayite Ingde achi 2 ed/pHgoamis slidgg with
trol t hen desi i.n.such . that | h of said ph
Cpec 1 ¢ manBRaviousnes SER BE Asliias syl 3K Fa ity 4 BorkbR Mo B e

ot her val Ve§?ly?}?ét7§46r}'egaac@8fm§¢ t(%‘ﬂie’ax"i‘él dsRitfof ﬂﬁfgﬂgﬁ%‘?& ahf! €

Advant ageous evi ce e Invention cou ude a plurality of
-4 nodul es each TRE lewtemiti N6 Mieniio e dpistoninitsheoriietoltydrehehasecaviids Ng
chanber is connected to a circuit portion including one electrovalve. This
ci r cui t 2(or ateosoupled tmcdnudwsivatior aclhment j drsvasx tine frianslagomeby sa f gemmon
connecting to the circuit portion of another nodule and/or to the pipe
openi ng i nt B{MHEaPRsi ng 1iquid s reserve and/or to the tube connected to

the pipetting ne C i wﬁﬁ : : i ] he
rod/ pi ston uni tsflg?év Q}Egﬁ %@@%ﬁ%ﬁ?é@fﬁ? coﬁ%\g\ﬁ]gl o%%?n%%%%@gﬁdt he
desired nodi geirdEPRRcERMely Ghclulilg AVEPE opBnidbeinde acindifg INpreaticvegi ven
by way of non-restrictive exanples wth reference to the acconpanyi ng
dr awi ngs ontwdswdtessivEietpetrevilvies and skiabef possiblp dlexiblof cannecieel toi pigetdimgi ce
conformng to the
25 = means, such as a needle.
The largest working chamber is then connected into the circuit portion
ensuring the joining point between the two electrovalves, whereas the other
working chamber is connected into the circuit portion situated between the

second electrovalve and the pipetting means.



invention using two syringes. Figure 2 is a timng diagramof a conplete
operating sequence of the pipetting device shown on figure 1. Figure 3 is a
di agrammati c cutaway vi ew of an enbodi nent of the device 1 s shown on
figure 1. Figure 4 is an expl oded perspective view of the enbodi nent shown
on figure 3. FiguWecdurss, thepdovigeof itlveinsieationfcahhia alklitice indlud¢ gusans4ot n an
assenbl ed state. 20 Figure 6 is diagrammatic cutaway view of a nodul ar

punpi ng uni tcoagpHingomedorigasion; andathsi ¢eetrevaless designed ¥ s HQ providaa cycle
invention. Figure 7 is a diagrammatic representation of the punping unit of
figure 5. ﬁn‘tqul )?érlrfﬂsg shown on figure |, the pipetting device includes
two punpi ng _unit ot twocl.udine ek i d j J a
pi ston P, P 2s rs?loil)g)se%té Cl{/]\)na?%ﬁhdgjlh?%} ?g&véésﬂcy;é(%@tvta oml{s,%p'egad\}é;rs:gg%l?&;

vol ume wer ki ng chigtp@valvEhissclpséd afd ithe imbtegikationdtived if Qfhnklatibn &RMwE out
of the body on the side opposite to the bottomF and which is coupled to a
transl ati on acti vad/ipmwtomenhasd asto merexdadthayolumesof the teouwbrking ehambets, AC

on which the rods T,and T' are fixed (there is a play between T, T' and AC
to mitigate any &@m%asefofp\aﬁ'ampéﬁ@ﬁ)small ¢hambar geperatinggusking wp of gle

oL L i B M W K LA
the rack CR Thewﬁ%ééﬂh@“inﬁ%ﬁ& oF %Eﬁgg%itgﬁg@?eg cﬂa%ﬂér;;%rﬁgok\ést Suckily Per

CO, CO nmking the correspondi ng wor ch comuni cate wth a citcuit
including in seriupsofah@ripsingRiquid ensidwthisntiambér, nsi ng |iquid reserve RL,
two 1 o successive electrovalves EV ~, EV2 and a flexible tube TS connected
to a nobil e-pi petatdeliyeneplinse nPwhith shebwdledecivialveacarpvintthd semeastateoape
able to be engagﬁd Jn_varjous recept&)gl es, such as, for exanpl e as shown, a

reserve RE cont afHTiRg the BIGHng Bhass, e peiopisaticn Hicn aghing in Sych & Waycihisicl e
20 2 "9 E BRI EfRpaiIh BPRE DOBAMY of SR, RoPBnE a0 ARELPT 1O

the circuit in thefgap of 't ctroval ves

opens into the C'dEHUér? ARV o e ﬁ‘dkﬁﬁftb'lb@ ahﬁ?ysb@'o?bﬂ%&%b&‘iv@%é’iﬁe” the

el ectroval ve EV2 and the needle AP. Control” of the el ectrovalves EVE, EV2
and of the notor aMinsiagepisaseeih imhich therfasorelcatdvatveMs cldsedpmlicteds slensor
only furnishes the "zero" position of the system 20 In this exanple, the
state of the val secomd isjapes; the mepprisatioa duieingdn translajiondeptwn rqdipistans

when the valve EV,.is open, the valve EV2. is closed.and vice yersa. . The
fUncti oni ng of ¢ HRItSR8F 4 frdue e e BRBRATAIEI O RN kA PSSR PULEE | bed
hereafter with raleiRiRg 1ihRid ey CoManPtsihAds #E Pibeltl@ihtarts.
Of course, the device of the invention could include a number n of
20 pumping units whose rod/piston units are connected to a given activation element
and whose working chambers are respectively connected to a circuit including a
number n of electrovalves in series respectively connected in the circuit portions
ensuring the joining points between the electrovalves concerning the n-1 first
valves, the smaller working chamber of the n™ valve being connected to the
25  circuit portion situated between this n™ electrovalve and the pipetting means. Said
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 state whereas the other
valves, namely a number n-i, are found in an open state.

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



According to this timng diagram in the initial state, the needle AP is 2s
_engaged in the reserve RE, the valves EV. 4, EV2 being respectively situated
in the open and cl osed positions. The notor MP is inactive, the pistons
being in the idle position (position 0). The two worki ng chanbers of the

" punpi ng uni ingod@fl€s fdabh eMchidifg rdnes bashpingUinit ofhthePbaigt ¢ (pegwmlaaéewbﬂ(iﬁgen
carried out by neans of a rotation of the notor -6 MP ' (negative
direction) sbambet 5 cannectadetot avoirgiis portsorPinciiding wnealasrovBlve. Adig birsuit
novenent, the piston P creates suction of the liquid contained jn the
reserve RE PREIQRthemdnpkidas at pashpfdtoedreraities apeans fopeonnesiingta the pscyit,

R S B PR R R SRl e P So8Rb SO i TGRS 1
pl aced aboveeddhge andby 3 she RHRRIMALER0 tﬁ?tslggpe,itﬂih%?{eanp.@ﬁé Eeﬁbl_ir{rg‘tﬁhegﬁé’i ce

can start the delivery phase during which not MP rotates |

opposi te di bepvéedn tiso nestotisatipn ahdehpietlpisioR, urkits brc khdnodedigned itoll atlow
positions (position 0). Wilst this is happening, the electrovalves 1 o
stay in theceaplingaf thesmumbenofdhe dgsisgtdimorulegi st on P delivers the liquid,

previously taken_n the need AR, inside the recepntacle RA, ereas the

pi ston P deli vergnﬂwmeﬂgﬁ HB?‘P? FaYALoRs ftgedeser P@?&F%ﬂé&rc&%m Fq¥elt very
phase has ended.. (i = ' of b e, I LNSiHag, .
Chanber R B0 aestfisfuP BERnBlE ST tefdbto b dccBnifaineUral Ml ORI ey
phase, ffie statepgdyrkhpe i§|aeﬂ$dlét6ﬁ|dé\ﬁgrah$ Jf Y pigediing (deQice! &sifommalp) fo e ~
bei ng cl osed and the el ectroval ve open, whereas the notor MP s
activated sinwention walg twes syriregesi nsing |iquid contained in the two syringes

in the direction_of the pipetting needle. In fact, this delivery takes
pl ace in several Figuged i®dc HnHpg rdisgrsnt ol commletsnepasating sequgncst ebshef

the notor MP. Once.the rinsin hase has been conpl eted, the device starts
a filling pRY% I%Q?Wﬁeﬁﬁﬁ??fﬂ Oghtgngpgct roval ve EV, is open, whereas the
el ectroval ve EV2 Fi@r& |3°ﬁqijdia§i7frm'?i9[i9rcquméfvfe@@Bf ngteh%%td%eﬁpggﬁxet &’ex?ﬁeiv g

the pistons P, P" "Wownwards to provoke required suction. riong
fillingphasigowh b ilng unit 2 2s provokes sucking up of air by the
needle AP. As a result, the return of the device to its initial state
i nvol ves an air FEigwreat ian pxpdededupémpeacthiechienh of ¢he embwdiinerts siEwva, orEvVZ
are respectively closed and open and the notor MP is activated so as to
obtain a deﬁg‘v)@r%- of the rinsing liquid contained in the units 1 and 2
t hrough t he needle. Wien the air is re ed, the vice,rreturns to.itfs
i il state i nFIgHE R B PerBeriils yikvk ST evielp REhiEC T SRpBINA The
open state gyd closed state and where the pistons occupy the idle position
0. Advant ageously, the previously described dw ce coul d be di nensioned so s
as to bgo abl e t oFipaire 6nipaidgehmnvitichcutawayg widw ofiaardodulat painpingboit abldw way
of exanple, in this device used on a robot as described in FR 2 779 827

be used in a pipette device conforming to the invention.

Figure 7 is a diagrammatic representation of the pumping unit of figure 5.
In the example shown on figure 1, the pipetting device includes two
pumping units 1, 2 each including a cylindrical body C, C' in which a piston P, P’
25 moves and which delimits 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 F and which is coupled to a translation activation

mechanism introducing :



- the m ninmumvolume to be pipetted could be equal to 5 ~1, the maxi num
~vol une being equal to 250 ~1, (this voluwge being determ ned by adjusting t
o the nunber of steps of the notor during the suction and covering phases);
- for restoring the reactive agents, the maxi num volunme to be pipetted

- coul d be equal t@ Bupling eleéniéht H@Wbh wigich (k¢ Yodsar gng qubed ﬁb@edzﬁhé’re‘lb 18
73.2 ~, I /s, the upper delivery rate being about 366 ~1/s, S - the device

coul d be made t obetween BUI" ahd AGdo esisigate anynddfeds oﬁnpamll@hvml)une of 150 ~1
with a duration of 100 ns per one rinsing. The pressure of the rinsj ng
0

stages coul d be 31agkER mt@gfél wﬂbdhewpunhwe}m;ﬁnéeﬁr@“d}wlbﬁxt&nés pprallel

back- gear ed m)to i ncl u r}ztg iq‘g‘F fﬁ e§ vol ution, 20 - the dianmeter of
the piston of th eb%§/° el ?‘Hg At 1 could be equal to 14 nm
whereas the_dia oftf i i i

coul d be§3 mm rrg gy?ﬁve?%mj;ﬂmdggﬁggﬁ%gﬁhdéﬁs ggﬁﬁtrhnk r?%( Fﬁe exanpl e
shown on figures 3 4 and 5, the bodies of the two pipetting 2s units 1, 2
are integrated in a given plastic block BL made, for exanple of Plexiglas
(registered traddimarpottamwvoineachnobphe berilieatle) ¢' p%arfmekierhl p@dperh&pk. C%hi S
body includes two hores AL1, AL2 cen%er ed parallel to the ver‘%hl cal .axi.s of

symet ry of Making| hek CosespOng s 'I‘?gngfh MbeT qeommunicaie | Wik & oCif ik

acpeat i vo_ inhidie e & HBEREP PRBEARR, inf0'E0 BnkiiE RABRE rERALRIL Yo,
from they uppgiceb@ee eléc’ﬂroR/HR'eH%\V‘{T‘Eyfhl‘f\&@ﬂéﬂﬂettﬁﬁe ey BSnr¥eled B)-8 mabikaVi ty

CA is provided which opens onto ower face and the front face; as well

as a verti cplpepaigsagsl U REHndeatic P isemivated sopgweto Beagtde @b belengaged fry CA
and the upper face of the s block. Secured to the |ower face of the block
is a base Ewatiowd tefieptpcieso suelaver ﬁlrn@(amplmasa$hqw3§ag@s§rvmﬂﬂncghtamngtaed

xampl & of " SHEPRIGLreRr s ARt LTy TR R e s gthaber R
sliding inpervi oNgRES e&?‘c?lli, %éegc@ saédglflgcf@dttﬁ thO8; r@hﬁ’ n‘Pfthéj% Cg’the

gaskets. The upper ex rem €se rod/ prston N e Tt

wher eas 4 hepleclroWave£ FV, EBPNVLI Theipigd OTR dpefs ﬁlﬂéﬁﬁéfciﬁéﬁntﬂvrﬁéﬁ enSuaks thg
themto be fixed to the extrenmities of a horizontal branch of an inverted T

actuation ejoiningtpoidt ratdeemtli ¢lagrovaive EY maddhe meedle . is The verti cal
branch of this actuation elenent PA is fixed to the | ower extremtg of a

vertical rail RVCanirel ebtheglectrayalyastE ¥alEYy mmhednom&’l‘ﬁm epsEad H¥L i nt o
Lo CaYI LY, Bt o T b o) B30 B S L
ptni-on system.
20 In this example, the state of the valve EV, 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 device previously mentioned shall be
described hereafter with reference to the timing diagram of figure 2.
According to this timing diagram, in the initial state, the needle AP is
25  engaged in the reserve RE, the valves EV}, EV, being respectively situated in the
open and closed positions. The motor MP is inactive, the pistons being in the idle
position (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




20 being activated by a back-geared notor (block at the broken points M)
and which is housed in the cavity. Mreoygr, two el ectrovalves EVl, EVZ are
nounted on the front face of the body in comunication with pipes nade in
the block B in accordance with the circuit shown on figure 1. 2s In
* addition, aMpRh_br%ﬁivef Qirkcti)iso & RVin@od thOtwdigshs PYP! BEwnHakEs. ID@AS | ON
of the rail RV. e functioning of this device'is identical to the one
previ ously diisanovaermtnthespiaton Platredies sietomi dfetthe Hizpudd icontdétedli in. the reserve
Neverthel ess, it proves that this solution is Earti cul arly advant ageous

-9 owi ng t o RE dnsidenthe meedle, APtandegne portiomoédgheatflexibleitube al.i whersas dhe
elimnate the bubbl es by neans. of.the conical. shapes, i preci sion which
depends on pﬁ%&fgn?fsupﬁ%ugyaq Hpsing i ‘?antﬂ-{"f,% 1‘?’3"? %%F%Vﬁ I%Em be machi ned at
an extrepgely hig I 810 I & laa. | J

parti cul gnrs, t he gﬂﬁgﬁ{%g{?gg\ﬁo@{%g’b eefgeeldgé‘g’ﬁle'iigi eggﬁkﬁéhﬁlg%?gg{hssﬁ?a%ees of
the rod/ pi Sfp@dtedfﬁibb% THanaly¥s sdtptdete RW.i ndrical bores AL,, ALZ, as well
as the surface state of these elenments. Furthernore, the passage of bubbles
is facilitated déndedntthis gasitiorn, ih¢ deviee canistant thehdglivePCphassef duriag which

cylindrical bore AL2 with the smaller, dianeter conmuni c%t es di ri’c,tl,)l' i th
the pi pe cofiiferioter MP rofatesiipdhe pRPOSiHEdisechion s ax ko puletheytgons e t%@ i's
not limted,tq emloying.this soklution.ght so.cencerns a,nodul ar devi ce
et ng' purp 16 ERTRELpAiOR SR S blisT TS € RARRHIRe; 1S RideRhy oK

i ndi cat o] i ) i : VT
IR gty"ﬁfyl if4heSaric gg@i%f%‘@f’ ?g’??“?;@g?iﬁ%?ﬁﬁg‘a"?ﬁé‘?ﬂ“i‘%‘ghﬁf Mbusly, | ,
TP 2 acti vatsk@nbyy theridedld A® iingidé bho edcepticle RAyowhéreas e piseor Pddgliveiron

units TP* 1, TP'2 is able to slide inperviously. This nodule includes a
body havi ngthewinsing diqued insgdedhbirésegvé.aces FAL, FA2 into which a traversing
pi pe CT opens, in co nication with the cylindrigal, cavjt ~ and .havi ng
one portion abl e?}f’(‘}englés‘i‘%‘@ﬂy ghaseyhas.e the peedie AR 2% bﬂy‘{g&c&%?}'e “gﬁt

el ectromagne the .unit_ consthtuti . . t the level of
the assenbl 9%%1%0%25,1“% ﬁéalggle‘fsllt)iée% agggtaﬂﬁf%&%g{lg%gﬁgl@gﬁ %%%S?' wth

connect }pn meansyRinet ﬂﬁs%?élb%dé@,nﬂ?étstdi’@ &Ff tHR RRcBRGhVeSSis Ghveftede iy al
nodul es when the latter are assenbl ed together via their assenbly faces and
fixed in thekcposalve @V, being elesed| andithe telextrovd b/ e TRV 2 2peftj wheemak yhe mdtoe
foregoi ng, the pipe obtained by the connection of the varjious traversing

pi pes CT i sMBimadivatedsw ant deliver the rinsingilimid gontaingddnthe swosyriaged in and
on the other, si.de to i petti.ng needl e AP. The el ectroval ves EV' and the
not ori sati o el\@%?ﬁ‘@“c‘%ﬁﬁ%@f%‘ g?nge croprocessor control circuit MC.  -10
I n addition, eac t : ' e ' '

conmuni cati on w pﬁ%%“@@@ﬂﬁ%ﬁi%ﬁ %;,\q/)?({\éﬂma ~ 5%113& \%\%ﬁé cﬁac%pg%rg&ggﬁgh{gnteo
upper fage ghe bhSeveRalUiépsvdfahameibt MIEe constituting a parallel outlet SP.
This pipe CP can be sealed off by a needle controlled by an el ectromagnet,
the unit fornm ngOmee sheetinsing phase/kasheen cinpleted, the ddvicesstends ndilihg phagey ~

and controlled by the control circuit. This parallel outlets SP c be
connect ed t duting Wwhishi the plespralxp BY1 s openeg rwhersamis e&ﬂtm@f\fﬁ %‘P\fzt 1§ s

clear that this dul ar structure nefits_ fraom.i ex L exi Bl t o
and can be %&185?)4'2@1%'8%“%4%@%%6& ager‘f S'tsol ?Sutgt‘ﬂ}&‘ﬁéﬁl?yﬁ\g/{gﬁg? h]ig ?ﬁ"é“W&h%% of
nodul es, by Kok hin9 bt I i ina@hiern, by
gr oupi ng m)téﬁ? ts ha\%E ﬁgﬁ gptgg?rsg\?g?@egﬁg%gi %1?5?{1‘%15%1@3%%@?{12{1@5% by1

sel ectipg tpovolies gics(img)ap of uirttabihe rfeedlecAPr yi ng out the desired functions,
etc. O course, this selection can be provided by a progranme inplenented
by the control cAscairesuls the returniof theriderice. toails onttal stagiepavolveyg dewitce

ith rinsing, this devi | | th .
" rinst ngvacuatllgn p zllsleC ur?ng &m&gthe e?ectrovalves EV,, EV, are respectively closed

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

liquid contained in the units 1 and 2 through the needle.



restoration of reactive agents and being able to be used in an analysis
~robot, s characterised in that it conprises at |east two punping units ( 1,
2) of different capacities, each conprising a cylindrical cavity (AL1l, ALZ)
i nside which a rod/piston unit (TPl, TPZ) slides inperviously, said unit

" delimting Wth SwhenGRY hirYis 2emByéd, NHe doRiFeeEthORSitY AliHAEstIRS inevhRGaAE di ng
to the axial position of the rod/piston unit (TPI, TP2), in that the
extren ti es aécttdvalvesoEVedEM,sdrerrespictivelyoin( Te-ppdiP2)ate amdngjosed stafe thé t wo
cavities are coupled to an actuatjon elenment noved in translation by a
conmon ot or'VBHE B P{skADS ocsHAY ithe Kﬁ%powen\%r ki ng chamber of each of the

. it 1 . t . : Cvel v i
bi pe. openi ng i nt AT EoRE? R Bl il Bbierite) RURE EHI Betpaiuishta o
el ectroval veg thBY able fod ciflaiibleWiith CURNntGPRARCIRK SiOrdHoREt t1 Ng means
(AP), the ~ s largest working chanber being connect’ed in the portion of

said circuit ensBy mayt ofexarmplendn plois rdevieet weeenon aerobob asldesdritedainvER 2 EVI,
EVZ), whereas the other working chanber is connected in the circuit portion
si tuat ed betAé32the second el ectroval ve (EVZ) and the pipetting means (AP)

20 2. Device according.to claim1, characteris inthat it c ri ses
Conti ol means (S Bifimem stlea SRPeNE cand b Batelgos) bhabt Byimugy)
designed so as t i hRgl ydi G i i se
nouheh the tir SoREhE bR Gl B pSO Y EE FuinE%Ring JARFmMIY pieiliES
(EVZ)_ i socCl os_ed IREnhBeBf ﬁéb§6f il@ﬂnéﬂ&?)iuﬁh'g\t%s&diidnrzﬁﬂﬁécﬁﬁehﬂg p?ﬁsésf); t wo
rod/ pi ston units (TP~, TP2) so as to increasé the volune of the smallest
wor ki ng charber dodregtorangathe reactivieaigents, thel maxinuirh ovolbeme ok gdpditedt doald

pi petting means (AP) and an increase of the volune of the | argest chanber
provoki ng suctio esquehie § misi ng liquid inside this |argest chanber, - a

delivery phase in whjch,the two, el egtr,ov es;, (EV .3, ).are in £ sanme
U2 etat e as dur Sy ARG BRL R 2T oo R YR BRI gET T g
in awy to prov . BUIR tion of said working chanbers and a
delivery of the ?ihg&{%‘ é;éew ggg!q}}%éarrpl ed, and - a rinsing phase in which
the firgs electr gyvadsdcé Eduld be madEtosaely oWhEDY anetdite sinsiagoMdtieh eotumyal ve
(EV2) is open, the notorisation (MP) noving in translation the two

rod/ pi ston unitsof 1801yl With)a dorationtal @ owsepethenesvinsimg. dhetpressnoe kif e
chanbers by expelling the rinsing_liquid they contain towards the pipetting
means (AP) t o 3INGEg ¢eLescosidb®d bass.cl ai m 2, characterised in that,
following the rinsin aid cycl.e includes fillin hase .dur i

whi ch'the. sacondi BOIFNE Rt PoRS G Snlidhisd e pERaty 208

el ectroval ve (EVijkpk $ePREButid}e motor (MP) being activated so as to

i ncrease the vol ung ?? sai duvvor’ki ng chanbers, and an air renoval phase
during whi ch sai the diaatetarrsf the pistoh of thet barlyadfbs piftng BMR)1 esddtbesequal
respectively closed and open, whereas the nptorisation gI\/P) is activated so
as to obtain a dé& il4danm, sthereas therdiamgter iofdihel piston pé thi pedy b thepipetiéng

pi petti ng neans (AP). 4. i ce according to one of the preceding clains,
characteri sed inuﬂﬁz;thurll‘éggélrpﬁﬂri cal cavities (AL1, ALZ) of the two
punpi ng units (1 e i i 5V, mat eri al block (B). 5.

Devi ce accordi ngﬂ%egl)eggg] %ﬁﬂpﬁgopréésg%‘%lﬂng%&%girﬁg}_ characterised in that said
mot ori sation i nciyeRSexdniplE Qhowldn HEhnés 394andi 9]tk bodtE officctivapipeting th a
rack (CR) integral with said activation nmenber. 25 6. Device according to
one of the pnisddi 2qarel iategratedhir acgiven sgldstion Wbek BIhemaggeforesctanaplict 0£s of
the cylindrical cavities SALA, AL2) and the rod/piston units,(TP1, TP2) are

coni cal . Plexiglas (registered trademark) having an approximately parallelepiped shape.
This body includes two bores AL;, AL, centered parallel to the vertical
axis of symmetry of the block, said bores opening outside the level of the lower

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



-13 7. Device according to claim6, characterised in that the conical shape
~(PC 1) of the smallest cylindrical cavity- (AL 1 ) comunicates directly
with the pipe connected to the pipetting nmeans (AP). 5 8. Device according
to claim1, characterised in that said punping units consist of nodules (M
" to Mi) each dongdal pofttors ROLPaviuagdiasa spacific dstafcseohl thedippet &fce( FAQ
FA2) into which a traversing pipe (CT) opens, said pipe being in
conmmuni cat i on wi tlh thaiwblapkibetweemthecbwe bprgsCELy, ADg2) cavidy KA iis grovided

portion able to be sealed off by an electrqvalye (EV | ), the orifices of
sai d pipe t oVBENQPeRy nEHEW W fagswed o HORtcs: Romelling VRgicsk Rpwsage
connection wj i Lfi [ I M _te M en
the two modd b BRI HP SBRbL S e e SRLey ARy e hibeh Bt kb€ ang
fixed insthigognesition with the aid of fixing nmeans (TR), said orifices
nor eover being able to be connected either to the rinsing liquid intake
pi pe or to the pijpeumahnechedomert faeepofHehd ibdock ds redase (W) indQudibgviwe

according to claim8, characterised in that each of the nodules (M- to M)
i ncl udes a prgyersimp)varticalopassagesatn owhight moumted wlidingr imperviensly yarea®9 and
whi ch t dl . i fi tituti | I el tlet (SP), 2
sai d pi po. ( SOMOCBEE nip il dniis' dBar corrids, r eREER o0k SEIEY sl 107
Dovi : : ' . I ai . oh . Lot -
el ect r oval e ReufyeKibeged O ECECATT, A3 MRainkn PRRTURUARS hdte'diihe o
control l;gd RptAned as@SHeaid myﬁgﬁi@igaislagsj nformation relating to the
position of 2s the rod/piston units (TP~, TP2_TP' ~, TP'2). 11. Device
accordi ng to cl aiThel@pperextreatities s€thdse robagtisteniuitis rdre rcoaidanwhereabtlagined
with the aid of an optical fork associated with said rack (CR). .A2 .ASY . A
fy .Ay2 . Ay lowenextromiticajinglpde Awagespectiggthrqatsgenabling them to be fixed to the
]BL;V]f gg;gaﬂ] g;}(ﬁg C@%sg §f gfgﬁg@g;l;ﬁ{@%gil o gr?]ig,a A 12hGRh68 crbsalepAcglfal e
" (V3X. ni ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a]( cai(c}é% )é:t] ?gi*@g‘%g%"@g]‘gg% ggb@?%l%g% ca} ca]! } !3/&\/8]3\/\[]8 f ]X} x]sni L_Z} ] c!at] c!at] c!at] c!at]
ca} ca} ca}s ca% caLc dheay&tibelabeamkchad dlis alcankion] elehwal P dalfidaddc el ¢ad ¢alver] ca]
ca] ca] ca] cal
| P11 G " grexttabissofenpsttiyaerail RV @Ble ss mavezid wveitica) tzahslajion]anal] vdiide] ca)
|
cal cal eal calcal caleal cal ol e aheoheat salgthectonhas) calsalealealplenl 9
| cal okb) 2o Byaah MBS ERYGGL e 71 7 obaabL 6656 ) xon 4. 2] | ool cal cal cal cal ¢
g} gg} cal ca] cal calrga il RY Sehs A FRkeRoaH GatieRrabrabs e 2kea] sakoghta cal c
'S, ; ; <Mi<=beinp=aBRERd by @ Gackgdgidd hjotsmni(islock |at ahe ejrokés gloiad Py admi] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]callll
NJ J K2 Lo MvNa Mt FosderpediingthegrvRYRRS\ SuSSUZUU} xsni d_Z] | ca] ca] ca] ca] ca] ca] ca]

calcal cal cal cal cRlsabia) sebealomlem ek ¥l B9L aloabeabo o mleopbsphad sl o

VWANWNAKZ] ] 674 o 4 J: 8 - -gal ca
ca] ca] cg} cafh(?% @a}F ?g}cga ca g%q@?’é%gg‘}%‘%} @Zihc%a l@a g%@%@@%@%i%ﬁl Jeal
yLO0VE: () - #RIBHED stk Eote 1 9#109&: () - \

1090v&' () - Y" 109K ()-"109%V& () - ONi K- &#10%V&' () - YL0%VE' () - S# ! 10%V& () -

1 10%V& 83 - 10%VRA 4dditisil0adVBptigal Iotk1IPOMNE. providéd Fardetddivig the "zero" position
10MY1! 10988 () -:/ #109%V& () - - 109V& ()-,y109%v& ()- 9* 1 T0%W () -

(s! 10%v&' () of the@ail R Y.

The functioning of this device is identical to the one previously described
and shall not be described here in detail.

Nevertheless, it proves that this solution is particularly advantageous



10s&10% & ()- @ L!10% & ()- s10% & ()-@10% & ()-@'!10% & ()- LSGLO% & () -
10MQ BaB: 4 10 10% & ()- !109%8S& ()-,3 140% & ()- ,y' 10% & ()-@! 10% & () -
10% & ()-U' q dE 4 10L1 110% & ()- "!110% & ()-y#10% & () -
10% & ()-,S10% & ()- 110% & ()- PAdE: 4 10+M 10% & ()- *10% & () -
- Y(S10% & () o%WhAR Ao&its )coxr?)h@%e@'s,( its #ad®Yf Snfeprathsa) Bid ap@tude to eliminate the

10: s6&10% & ()-4 110% & ()- 2s!'10% & ()- 110% & ()-f/10% & ()-- !10% & () -
ArxY:/ 10: &bLbbes tfy) nislehd @Fthe (Conisll shapes; (ty -pBedidiond &hich-depends on that of
(10% & ()- fFL0% & ()- 10:(V3xaB:./ 10:710% & ()- @O0% & ()-10% & ()-.
@Q! 10% & () the gedmisten (ynits] 3B .& TPy - Whichgean beomgehinedogiean )exyremalyokighe ) -

10 & ()~ pidRf%ahde PrebRTbi dnliitdiEnARAc () -

5 In particular, the elimination of bubbles is due both to the conical shapes
of the rod/piston units TP,, TP, and the cylindrical bores AL,, AL,, as well as the
surface state of these elements. Furthermore, the passage of bubbles is facilitated
due to the fact that the conical shape PC, of the cylindrical bore AL, with the
smaller diameter communicates directly with the pipe connected to the pipetting

10 means AP.

Of course, the invention is not limited to employing 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, each module M, to M, includes a cylindrical cavity CC,,

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

This module includes a body having two parallel assembling faces FA,,
FA, into which a traversing pipe CT opens, in communication with the
cylindrical cavity CC, and having one portion able to be sealed off by a needle

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

At the level of the assembly faces, the orifices of this pipe CT are equipped
with connection means 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, for example by tie rods TR.

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

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

microprocessor control circuit MC.



| “aB7/ 10: 10( s610% & ()-410% & ()-2"110% & ()- 1°!110%& ()-+#10% & ()-!;
C +#10% (& () - 9BV 10% & () - @10% & ()- @ip10% & ()- sL-#10% & () -

@®'! 10% & ()-L yF10% & ()- 10( 10(83WIEMN\ 10% 310% & () -
,yT10% & ()-10% & ()- ,10% & ()-&#10% & ()- , YM 10% & () -
LSAENN 10%% &#10%14' {ddicidff061Eof Xhe SIANESM) 1o A Wircludes O%igk OP in
10% & ()-"fdEMV 10% Y110% & ()-/#10% & ()- -s!10% & ()- , 10% & () -
L*10% & () - cohtitmsichdie wilCIe/@RindrA &avity IG(1084 &high ofpéns dfito the: Eper
10% & ()-4s! 10% & ()- 310%& ()-.. K . o
| P! | dEbCL0%fece obdle madubpyie qy orificemngtitufing a parallel outlet SP. This pipe CP

1105 & () SPom el Ebohaeeds coptTgEPRa Iatidhel bl uifebrids a0
FOa0% & §) - FARUK EVQ silnkA¥o& the electrovalves EV'| and controlled by the control
circuit.
This parallel outlets SP can be connected to the pipette needle AP by
means of a common collector.
It is clear that this modular structure benefits from its extreme flexibility
10 and can be adapted to a large number of situations by varying the number of
modules, by selecting modules having cavities with a suitable diameter, by
grouping modules having electrovalves exhibiting the same states, by selecting
the outlets most suitable for carrying out the desired functions, etc. Of course, this

selection can be provided by a programme implemented by the control circuit

15 MC.



10% & ()- y#10% & () - $I\P/8/8/#&y&&dEbClO%(ls' 10% & ()- /#10% & ()- -10% & () -
S, 10% & () "*10% & ()-(S

10% & ()-& 1'}' ~ "' ' (bCLO%@ s! 10% o0& () - M F10% o& ()- 10: 10: 10:
610% & ()- 410% & ()-&3s!10% & ()- ((&)r))*q*dEbCL0%yY#10% o0& () -
T @!10% 0& ()e|@hd0% o0& ()- 10% o0& ()- @ 10% o0& () -
ss- #10% o0& () - q***2+y++, dEbC10% " ! 10% 0& () - y#10% 0& ()- , YGLO% 0& () -
10% o0& ()- ,z10% 0& ()-, !110% o0& ()-,i,,,-Q -dELCLOY%* ! 10% o0& () -
(10% o0& ()- &g10% 0& ()- 39%4.0% 0& ()-f#10% 0& ()- 's!10% 0& ( fi
--<.|../Z/ dEbCLOYBsAntomaléc (Dipetsiee1 doyiee' with 1inevage &his) -dexikgombewing the

- % ) -2/ b
13:%12‘/( ;) &f g%g%tgra(tbonyo% f@@g(t e de@@géggoo C%ge? 0 fyp ysed in an analysis robot,

A AL R S R e

10% & () - Sf Mapdiiss,( tadD %o éfr)smgsd Js?%h&néal 8%@/ 4A4¢ Eb@, YarsidO WRich) a
(10% & () - &#10% & ()-% 10% & () - @@L 10% & ()-! &1
s! 10% & () - r8dpistén (Ynit YIP,,10%8)&Skides inipesadisly,- sald(wm&d(e)lmltmg with said
,,10% & ()-d6666667Q77bC1l0% M 10% & ()- @10% & () -
cavity a working chamber whose volume varies according to the axial position of
the rod/piston unit (TP, TP,), in that the extremities of the two rod/piston units
10 (TP,, TP;) coming out of the 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 successively
including a pipe opening into a rinsing liquid reserve (RL), two successive
electrovalves (EV,, EV,) and a tube (TS) connected to pipetting means (AP), the
15 largest working chamber being connected in the portion of said circuit ensuring
the joining point between the two electrovalves (EV,, EV,), whereas the other
working chamber is connected in the circuit portion situated between the second

electrovalve (EV,) and the pipetting means (AP).

20 2. Device according to claim 1, characterised in that it comprises control
means (MC) of the motorisation (MP) and electrovalves (EV,, EV,) designed so
as to obtain a cycle including at least :

- one pipetting phase in which the first electrovalve (EV,) is open, the second
electrovalve (EV,) is closed and the motorisation (MP) drives in translation

25 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 pipetting means (AP) and an increase of the volume of the largest
chamber provoking suction of the rinsing liquid inside this largest chamber,

- a delivery phase in which the two electrovalves (EV,, EV,) are in the same

0% 4. 5| 556d6dEbC10%1



y@o%n & ()-sfF10% & ()- 10\ 10\ 10\ 6s! 10% & () -

. 777=8889dEbCLO%SYM 10% & ()- SM 10% & ()-12S ! 10% & () - @10% & () -

LGLO% & () -f

M 10% & ()-9L9996: V: : dEbCLO%&z#10% & () - @10% & () - SyM 10% & () - SM 10% & ()
T -10% & () - 9&10%sé&dté Jas: durn@ the<pipbEilplidseJ4h% ot @ishdivh&MP) then acting in a
040% & ()-, SH10% & ()-,! 110% & ()- @' 10% & () - <Mk<<==e=dEbC10%

&310% & ()- | 110%atq gm}vglgg%v&h(gle redygtign(of said workisg @pambers and a delivery

* 0 ! -e======= 09
Ii0\10/&& O-e of the qu@prg‘f%usg sa‘%np(lz:d a%#lO%)o& ()- yY10% o0& ()- 10\ 10\

& )+t ak10%oa () ) TS FBBORE (o) A Doce 1) Sl ERdeki) ottt )

9y10%& (s) - 100a6¥orkd @édrovalve (EV. 1s 0 en, the motorisation (MP) moving in
100000! (#10%DQ& () - )'(#10%0000& (9-)16#10% o] 0& () -) FAFFG & GadE0P1, S10%
1096& () - S10964&tafy nomth%w&o(rpd/$1stou@m1&(ﬂ’r, FIM) sow&owducelthem&:myof
GGHgHI 1111 dYNC, S10% 105 105 105109%% @'!109%&

| 109%6& () - S9109ake Warking s&!wmsz%@ @3@1@3)91@ ﬂfonmaé%l)qﬁﬁﬁ @96*&! jawards
*1109% 0&' () - S 008 () fg&so RpE ()-L10% o0& ()- K2LONNNaNNdEYNC 510%
CFH10% o0& ()- , 109 R

t110% o0& () - 88z#10% 0& ()-@! 10% 0& () - MDLz#10% 0& () -

NN, OTOOO=PAEYNC, S10% / #10% 0& ()- 3

. Y10% o&o( ) - *s! 10PDe¥iko aéc&ird %t& dlaim 2, EHAR90tessdd in that, following the rinsing

' #10% 0&' () - =PPPQ § Qlel S10%.S10%& ()- 10'0 10'o0
phase, said cycle mcludes a filling phase during which the second electrovalve

o

(EV,) is closed, whereas the first electrovalve (EV)) is open, the motor (MP)
being activated so as to increase 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 means (AP).

4, Device according to one of the preceding claims, characterised 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.

25

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 (TP,, TP,) are conical.
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Ent r yWor dDoc@§pgRbling face#ﬂd?&l( fAe) intpoybighss trgyersing pipe (CT) opens, said pipe
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portion able to be sealed off by an electrovalve (EV'}), the orifices of said pipe

10 being equipped with connection means for ensuring sealed connection with a
corresponding orifice of another module (M, to My) when the two modules are
assembled to 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 M,) includes a pipe (CP) in communication with the cylindrical cavity
(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 one of the preceding claims, characterised in that
said electrovalves (EV;, EV,.EV';, EV';) and said motorisation (MP) are
controlled 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 of an optical fork associated with said rack (CR).



