Description Title of Invention: Liquid Suction Device Technical Field

[ 0001] The present invention relates to a |iquid suction device used

for liquid suction of a sanple or a reagent. Background Art [0002] In

an anal ysis or exam nation in the biochemcal field or the inmunol ogi cal

field, liquid of a sanple or a reagent is dispensed into sanple containers

t hrough a suction di scharge operation. For exanple, in this suction

di scharge operation, |liquid of a Bamplpgcor a reagent, diluted solution, or

cl eaning solution stored in many small holes of many test tubes or

m croplates is sucked into a suction di scharge nozzl e, and the sucked

lquIdB@F gh}charg % containers or small holes. Automation of

this s ‘ﬁ?%%h B%Pﬁ Egﬁfls acconpl i shed by inplenenting a suction

di schar ge systen1|nclud|ng a suction discharge nozzle novable in the depth

direction (Z direction) of a container and in the plane direction (X-Y

di rect T@hpictigeld many containers are arranged laterally and | ongitudinally,

and a unP connecting to the nozzle via a pipe. [0003] The suction
d%@@]s

di sch ystem noves the suction di scharge nozzl e downward into a

cont ai ner, nd uts.the.noz end into liquid in.the c |ne so as
to suck the’fi gﬁe ; lqvﬁmtﬂ% iaé?s %Oa{) ligipy %uich%n g?aﬁ%\]ﬁeﬁl fof figug (%)\%/nwar d,
a sligh RR&:1 S secured between the nozzle tip end and the bott om

surface 5% the container, so as to prevent damage to the nozzle tip end and
the bottom of the container due to collision therebetween. A sufficient

cl earance between the nozzle tip end and the bottom surface of the

cont ai hekeroasd Airt at es positioning of the nozzle tip end in the Z direction
and regﬂgﬁs variation in the size of sanple containers due to nass

producti and al so reduces strictness of positioning the sanple

cont ai ners Nyt HRANEUCEHT Sfhmination in the biochemical field or the immunological field,
liquid of a sample or a reagent is dispensed into sample containers through a suction discharge
operation. For example, in this suction discharge operation, liquid of a sample or a reagent,
diluted solution, or cleaning solution stored in many small holes of many test tubes or
microplates is sucked into é suction discharge nozzle, and the sucked liquid is discharged into
other containers or small holes. Automation of this suction discharge operation is
accomplished by implementing a suction discharge system including a suction discharge
nozzle movable in the depth direction (Z direction) of a container and in the plane direction
(X-Y direction) where many containers are arranged laterally and longitudinally, and a pump
connecting to the nozzle via a pipe.
[0003]

The suction discharge system moves the suction discharge nozzie downward into a
container, and puts the nozzle tip end into liquid in the container, so as to suck the liquid. In
general, at the time of moving the nozzle downward, a slight clearance is secured between the
nozzle tip end and the bottom surface of the container, so as to prevent damage to the nozzle
tip end and the bottom of the container due to collision therebetween. A sufficient clearance
between the nozzle tip end and the bottom surface of the container facilitates positioning of the
nozzle tip end in the Z direction and reduces variation in the size of sample containers due to

mass production, and also reduces strictness of positioning the sample containers in the suction

I



di scharge system [0004] Patent Literature 1 discloses a nethod for
preventing danage to the nozzle, and when the nozzle tip end collides with
an obstacle, this method noves the nozzle and the pipe upward so that the
pi pe abuts to a spring-loaded earth plate, thereby stopping the armfrom
nmovi ng downward. Patent Literature 2 discloses a nethod for allowing a
nozzle tip end to elastically contact wwth a bottom surface of a container
at sl odisdpamdysionas to suck slight amount of liquid stored in the container
mﬁthouﬁ ﬁgfsing def ormati on, damage or fatigue fracture to the nozzle and/
or cont®™HNers. Patent Literature 3 discloses that, for the purpose of
retaining g.gis Elt&gﬁ?@mdis%fo@ésea Rletddriel ?&Vé&ﬁin@%aﬁﬂ@e etheaRpzi8, M@ema gui de
and a needle, there are provided a needle, a guide provided to the needle
whose thehatdyep bel @itides svithami dblaeleathisampthedieiesntha edzAanoinhe pire apsarfior

urgi ng the guide downward and a needl e guide holder, Patent Literature 4
di scl ogethaathatiproebust tonbvitiig- adesl eihep Be dyeeh s StOPPRENNG THBZHMs MOSEE ver

when a_nozzl end.abut st n_obst acl t.hat th 027 in the
r ever s&TYELL iu%tuentt g@ﬁﬁ‘“ﬁ&\fﬁ‘?‘?@% s %fnegwg%%roaj%wéng &l “T‘Z\(ijeeﬁp ¢ a?)e{3 %}éﬁaﬁlty erature
5 disc GUNA QU DY Ps100%5de sHAL Hefuck Ongtah@undfEiqgiazzl e to
be sligg%%z“ggggéﬁggsgg?ustatheaiefgrence&%efght ofmthé nozzl e tig end

rel at i y6retiGn tHrecoXtadhap hdmheuntdubinkidgforaaton, deyagCht Ativon frhitste Palbeemtzzle
Literature [0005] Patent Literature 1: JP 2000-55925 A Pate?t Literature 2:
JP 11- 271 3@2cmt{ings9) Prantehitergiyrar tfigdosss thas, Sposhel porpes Al psteyyge a
Literature 4: JP 20Q00- 88864 A.Patent Literature 5: J 00,7~ - AsSumary
of || SR RGH oTbEHA A or Gl LooDeT e bIF it o piedtl erd AT B ol

bet weep 2. 10z 8dd piBvRRE tAM Re BRIV Qflad cCUMIRINOAriabld SU Sre@tb:Blinddg i N
this clearance cannot be sucked, so that liquid remains in the container.
For exanpire, méans tdreirgiag eheofuidadorpuranihgneedld guidhddet i Satedidviecaduierd a

measur enent apparat us i ncl udi ng exam nation unit and a anal yzi ng. unit,
when p@ipflarariangeleterd Baying éé}g}ff‘faéﬁfni?%gtaﬁéﬁ gﬁ%kjéaﬂ?fz;k‘qﬁ%lvgn‘&hﬁ?@a%%]ie_ B this
|1 quid_on tu?seto%ﬁ%@sﬁagls%q}l%!mh% 804 LG ANy ZLBTe Hikdiontd teRodehAt &
sucti ofi e icrency 18 'small, he“freasur ement sensitivity al so becones

| over , 1\WhREEe BeckRbd. O PARLWERE alur€ BidéhchsBUNhethdd af safipheng o nbaialerddddbor e

suction and |iquid amunt sucked in a suction discharge nozzle is defined

as t heholidpgiachogtie te bnsteblesp @ntyadimt thateizrange heighictidhs sevel BerdedAll'® nozzl e
face of a container contributes to enhancenent of

tip end an ottam.sur
t he IiEUﬁﬂgégé$¥%ﬁ“&hﬁé&?ﬁﬁg§yas wel | as enhancement of exami nation and

anal yzing sensitivities. The ideal goal is to collect the entire anmount of
liquid in a sanple container, and there has been desired a nethod of
bri ngi ogagomoizzl e tip end into contact wth a bottom surface of a container
in a safe manner [0007]

Patent Literature

[0005]

Patent Literature 1: JP 2000-55925 A

Patent Literature 2: JP 11-271322 A (1999)

Patent Literature 3: JP 2005-172764 A

Patent Literature 4: JP 2000-88864 A

Patent Literature 5: JP 2007-139704 A

Summary of Invention
Technical Problem
[0006]

[



It is also crucial to accurately position a nozzle tip end in the X-Y
direction where many containers are arranged laterally and | ongitudinally.
The tip end of the suction discharge nozzle is noved toward a target sanple
container in the X-Y direction, and then the nozzle is noved downward in
the Z direction so as to suck the liquid in the sanple container. If there
is slight amount of |iquid, accurate posLtioniQ? IS reggired par.iQHIarIy.
Li qui d_becdhreslearanesis Pphadqdchatwerop retzls 11 ebang yhrierrafba FPRRR HEW
container.is. extrenely slight, and if _the ti i schar. | e .S

devi at €FHE ]gneﬁ Sn%?%%%clg %5”‘83%’]% P%rﬁ‘f&se te i gh aﬁ?%%iderpﬁq%ag%su%s%te ﬁ%tn ,&ﬂaeﬁ'eﬁpdtrhe
N0ZZl €& VR Ghd NV HcdRbRLhDS GONE ALBRh ddhi@ MOZ Zh@shiSmentt aPhraB@nt act
with the groplet on the bottom surface of the container and is | ocated
above iaclpdingisarxahinhiien ot tohe swetfAaceunt, wive pedbtraing ehemaleglrreaation dir dpl et

exi sts, so that the nozzle cannot suck any dropl.et. 0008&%i ..% recent
year s, Suckedhhguip gath mgasiring dhis SaBipmbe ckaanaien Hghah e ShABHE Hbet HE of t he
liquid.suctiaon effi.ci ency and,the positioning. i.p of a
suct | ot setmpguEis 4T B AR P Sup s el PulekBufEaCh o
sensi tiMh byl ddn &GuigaBuiedhl 0andd caiahySHefora Bekifof a0 gRdenaceskidig
performance per unit tinme (throughput) in the biochemcal field and the

i mmunod egétial distledrgk nb1zié S5 debinel es , theliliguid sidtionoefénkasice Mhvemlzinguihd
suction efficiency and the positionin accuracy%%or the foll ow ng reasons.
[ 0009]clearance Gwaeh Hend76Ez 1R Yidpahd ‘P‘gmﬁ‘béi“tf?%n 3j GPIHAYRET\GOgF uf% Bf the

dropl et ,surface, -the,.nozzle.. .all | ViGN o] -dr.opl al ong
W h LT IR cu Bt SRl A B R b O BORBRR B T
there igyaily QaLaNEes. bethseanaltdial NoBZdofiedti the enttte aRtbuhh el Bl masumprce of
the contdiner, the liquid existing in this clearance cannot be sucked from
t he noxmitandri gndethefe hgobeehalesitdtl smiethgdiod briegiag asiorae tihend by eantast Withd or der
to reduce variation in.amunt of the sucked liquid and reduce the residua
IiquicﬁOWQP*?gﬁﬁ%eg%§§¥§n?6nBﬁ?ﬁdnTﬁ%Lnozzle tip end into contact with the
botton%@H?face of the container where a droplet exists with no cl earance.
Unfortunately, there is a variety of bottom surface shapes for a sanple
cont ai ner sughaids caucld ab astirfaep@ittbnaa aonile dp <alidpehe ahY dihetien vdieal so a
variety of materials for a bottom surface of a container, far exanple, in
the camenpfcogainsst pivgardgeAolas dlvaerd dangindmadn albotomd of flae SUema
contai ner,, the bottom surfac f the contalner..i Of .. i ed
o1 catiSrseiRs L AORThP ASEs Fredt PR S B8 i Be T oryiBhich, ol Beh R
cont ai )i&41d 1§ HRLE defmRaBRiEanalikblidiedo Kayisid Be tighiaknesssatiplsenesa.
mcroneters to a hundred and several tens microneters at a hole area rate
of 20 Koth8f: % sliht reemuhoédicabbveecuktiepesitiméngdisf fagniaed petimpledyanbliguit eri al s
used for a bottom surface of . c?nt i ner, thgs t he. di stance jin_.the depth
ihe tgrt

di r ect PSATSS ADCEBTDER G ORI PRI BF h capBFEE SHORSBOHESNTYur f ace
of ac aji.ner i ke : i : :1: | fEd reduce the
cIearaﬁ@%z%g%ﬁ%g%dgwégg%F%q§?%méﬁgki%%“@ﬁ@%?Pgﬁﬁgﬁ??gtég%@EEI%%%?é?ﬂbr by
set ti ngheaalk Qfzzlhenlo9aotibwnivhe atois tosthingle sitemizzlctih@uasdsntacoivith alieer al

and | ongi tudi nal novenent of a nozzle to be a constant value. Such a

const adopkeoni thg bottws esrfacesefr bagoveine sidis lbetodkabrveHepeiben Pé thei Iptlend and
the bottogm suyrface of the container, and nay cause dana to th ozzle tip
6a. or SERER BOREGRTENET BEa=6P IO GOt e RO G0t THer SRrEls a 11 |
of enhg% krg the liquid suction rate and the positioning accuracy. [0010]
For the putpose of bringing a nozzle tip end into contact with bottom
surfaces of jparc¥@tivehs, Bfhat @RERIIBEFE, to SPBick itEe andios Aptiaiuous hudif el wer e
made on enhancenment of the liquid suction rate and the positioning accuracy
of a chquidnticomalefficiapy dng ube ipositideme cscwmgyr of 2 imeot gér ustipn disehrgdamge
to a nozzle and a bottom surface of .a container, .a test was nagg?in.mhich a

nozz| eNPFZF Bridc RKEE AYEiGRt N FHS (R reles ek SHPHITLY W PhSPIHBI SRS dP4EEe of a

end antd i &l FERERARChrdny AR ROl PRSI B

el asti gefigiendiopiat Hered1as, wanes siffigulf oreRaretie idQed batioaeffkisraaed of the
cont ai ner, which danaged the bottom surface of the container or broke the
nozzle tip end. Such damage becane significant in the case of using a
nozzle tip end nmade of capillary glass and a bottom surface made of fused
silica or a nenbrane filter. Another test of decreasing the descendent
speed was al so made, which resulted in deterioration of throughput.



[ 0011] As a nmethod of using no elastic object, another test was nade
in which a nozzle was noved downward to conme in contact with a bottom
surface of a container, and thereafter the entire of the nozzle was noved
upward relative to the bottom surface of the container. Even this method

al so caused danmage to the nozzle and the bottom surface of the container.
Then, an LM (linear notion) guide was tried to be provided to a nozzle

hol dertht positiorihg accnoey fe thefofiowew 16e50as to al | ow the nozzl e hol der novabl e,
as dﬁzérﬁged in JP 2007-139704 A. The LM guide works effectively as a neans
for P t he nozzl e holder linearly, but when the nozzle tip end collided
with the b r : k S & I | NS eavy
that the nggé e ??%E%g?pgﬁgggﬁgﬁgg%?ggﬁgdﬁ%ggéng%fﬁgagg%?%fﬁer ﬁ%%% br oken
bef or esutheainpziat @ichotydagnhsdrvdlet Aoncwitntlerdivples whidblaeses viligioneh ghbudf t he
nozzl e hol der was gradually reduced so as to facilitate the nozzle hol der
to sl iaefahe sicked k'y@uig. shdletrhisy cledoansy Setween dreencgele ip cast prd &g beieBIsaHEcct hat

t he nozz| e hol.der slid.snoothly in some cases, but t ngzzl e di.d noet slide
oot MG G ped i PRE v e S Re BRsade P HE L Ras 7 £ EstRa ot
cone 'sg: tf(l\’lﬁtg{hgsgb%ly}ﬁtrgng € iDL OMANLT A6 oRfer 1D C@OLAARK inOndule oPgezl € tip

end an om surface of the container becane broken, and no dropl et

was coducrat Bghid [100¥2Juce the resldualvikgiid, duidndcharit feelstngpthobloerts tipeme inesul t ed
fromlateral deviation (inclination) of the nozzle at the time of noving in
t he X-oengctivitbothie degom surigs cAlocHiaing Whae sopls sEBIHELR 8A SFiNe nozzl e

causes_.i nproper engagenent, in,slidin i ch i nders descendi ment of
the- nozaPBua e, SRR ARG sita RN v E ey SERES oy ar s AN he
nozzl e, cANBS A B 6QB51aREpMhd dHeheisRRlt DRl bAGRPhIs DR GORRIsHSIce GTa
positional deviation of the nozzle tip end is caused by the inclination of
t he noxatsgnerwoi exanyesUhtthagpst nf isacogiansoup ositidomiagh ndiocdvinvseriee tthe
dropl et, or danagg or break%%g to the vul nerabl e ?ﬁ%toqnsurfa‘e of %he
cont ai heantaiggr, hErragem; Bripeeoiibs soaipeys alde of 2ty figd #1tea; rdRihe 3¢ ofsi ng a
relatively. firmhbotto ur f (o) h i . vent

t he iﬁ%@#%%@f%ﬁ“%ngiﬁg%% g?ﬁ?ec%g%cﬁgﬁggagfﬁg%%%ﬁ%géﬁ%ggﬁéﬂgxﬁgggﬁg, a

pi pe amgtkdeRWIReVerd1@fkidhetditito £M&ldYed dftiBscbfie] ROZ Bi@oMBASIL allbR dbtpatand the
punp should be noved linearly along with the nozzle, which cause anot her

probl erfi 2F te 8D dhgedsnmemionedabdveqiicde st diffsrend shanse anfl guatggials used foag
doscr bealoie, 8, SRS @il LS SRLIGH, T8l 65 DS MRS R,
oL SRS Lacphe oIS ST U SplAL el By enditmrase o
| at er afliffidvdngirtdidie nigd clamdnoeeietiveal a thizzieaty @nisand[ D@dn surface of a container
by setting each of the length, the amount of descent, the amount of lateral and longitudinal
movement of a nozzle to be a constant value. Such a constant setting causes a strong
collision between the nozzle tip end and the bottom surface of the container, and may cause
damage to the nozzle tip end or the bottom surface of the container. Therefore, there exists a
limit of enhancing the liquid suction rate and the positioning accuracy.
[0010]
For the purpose of bringing a nozzle tip end into contact with bottom surfaces of a
variety of containers, specific and continuous studies were made on enhancement of the liquid
suction rate and the positioning accuracy of a conventional liquid suction device. First, in

order to prevent damage to a nozzle and a bottom surface of a container, a test was made in

which a nozzle tip end was brought into elastic contact with a bottom surface of a container, so

4



The present invention has an object to provide a liquid suction device
capabl e of correcting inclination of a nozzle so as to bring a nozzle tip
end into contact with a bottom surface of a container wthout causing
damage to the nozzle or the bottom surface of the container, and of
enhanci ng positioning accuracy of the nozzle tip end, thereby enhancing the
| iquid suction rate. Solution to Problem[0016] The liquid suction
devi cea0f deligeePngsensds thoveimhitdtwnubedotdle aprépd nad ilanbattch sedre obfthet he
followi ng solutions. [0017] (1) The liquid suction device includes an arm
novabl entaine. Yszfmun@t@ﬂsL dresgengrajsidpdastig fpiCpéumqtlﬁn%aSn«'eméimg HHCF PP HE t he

h d d h f i
oup! et fiiaa o e ”%?xa@ Enitort MRbER uln O B BrR T vt o
the ai me%%ettg) deer PuOP 8 Eéagme%@ﬁﬁ&aatﬁpmea&%ewmng Diirmsedf ace of

a contal ner an |nc |nat on correcting mechanismis provided 'so as to
cor r ecthalidief icagillaaglagnaid atheop pefiexhaly ofmrbesilics drthhle:né@xleeﬂilwrl ve to
the arm The nozzle is integrally forned with the pipe, and the pip

openi n§nether ey oddeireadingthe desceneniipeed was plpe made. V{l@@llmulte(izy dqfﬁféOTﬁféqnat ive
di spl a ﬁ nt . between the pipe fixing nenber and the armis acconplished by
prOV|d?'%E¥ﬁP@% or nore rails parallel to each other and extendi ng upward
fron1t§@ ?{nl and inserting the rails through the through holes fornmed in
t he pi xi ng menber so that the pipe fixing nmenber can nove al ong the
rails. The Afghidliadd ehushgr neehitenotgictt hmtinoz&t evak smade do mplidhshedzbywas
providing resilient nmenbers on or outside a polygon defined by connecting
t he respeed ﬁ@i@mﬁ@élt@ |C©1ﬁl§ i EORIpE ViH] 3 BoWR sHaacsrtha cpRbncesand; tleFeatfis Mser s are

th e,fi f..th nber..b
in(r)lle i(:(r)]sgjglrg gfi QW: éthF 6Na[& vgg I;#)\)?g/:%r q‘ﬁ{rﬁr a9 thelb ﬁgm%uﬁla£ of tf]eg( 3:0%1%% Bl PECONES

er pushes

the regjd hedba H%mgus%d dandod Befe A0l B thé EMOH’T@H’P&E Sf ﬂiésdaﬁﬁmféac kTHehe pi pe
fixing member, thereby corfecting the inclination of the nozzle. Thi s

confi ganr &M (jmeaxamobom)rgndimmompé t@pepravidedrid a(mezlz lheldet f» whigh aineede sont act
wth tfri]gedbs%t ésq[[)na%lggvft%g %ozozfle ltloq ercn%]\}a {engsr descnbeads in 18 2%817 I}%‘&}O ! he %1?6! EM on.
guide works effectively as a means for moving the nozzle holder linearly, but when the nozzle
tip end collided with the bottom surface of the container, the nozzle holder was so heavy that
the nozzle tip end and the bottom surface of the container were broken before the nozzle
holder slid. To coﬁnﬁer this problem, the weight of the nozzle holder was gradually reduced
so as to facilitate the nozzle holder to stide relatively smoothly. However, there still existed
problems that the nozzle holder slid smoothly in some cases, but the nozzle did not slide
smoothly and stopped on the way in other cases, thus the nozzle could not come in contact
with the bottom surface of the container, or the nozzle tip end and the bottom surface of the
container became broken, and no droplet was collected.
[0012]
It was found that these problems were resulted from lateral deviation (inclination) of
the nozzle at the time of moving in the X-Y-Z directions. It was also found that such
inclination of the nozzle causes improper engagement in sliding, which hinders descending
movement of the nozzle by its own weight or ascending movement of the nozzle when the
nozzle comes in contact with the bottom surface of the container, or positional deviation of the

nozzle tip end is caused by the inclination of the nozzie, which resulting in inaccurate

5



[0019] . (3) The resilient nmenbers are provided in every direction in which
the pipe fixing nmenber is relatively novable, and if the pipe fixing nmenber
beconmes inclined while the pipe fixing nenber is |ocated on either side of
t he novabl e direction relative to the mddle of the rails, the pipe fixing
menber pushes the resilient nmenbers di sposed on the either side of the
novabl e direction, and then the resilient nenbers push back the pipe fixing
nmenberposBioamgtlabof (eGk didifet] fcdanhigt oo break@320]the (diperible boesinlsudnte afenber s
are configured to be conductive, and the pipe fixing menber is praqvided

Wit h aheonauictt, g damypee e 1ogzls Uit enseot Giepzrla iselhthetogi rHatiHay f88i | i ent

menbers. In tgisﬁﬁgse, the plural resilient nenbers are electrically
condudtodigm Yrigg EREMANH ough the contact between the resilient menbers
and t jpe fixing nmenber, and the inclination of the pipe fixing nmenber

i s determ'ned based on whether or not the resilient nenbers are conducted
to each ot heyprel@Q24d inclifdtiohe apicezieglteat b woatidiredtsloante apraoviededipat t he
base portions of the resilient nmenbers. |In this case, if the pipe fixing
menberanids: funed fireadyand epers ies: thheozzéesnpyesnthe parerad she puvep Hloakdde aevedi ¢
eleneqts et ect force fro i ent ne

S the pressin t he resi | ers,.se. as to
det ect AR (ARDE WAL 1 Bh TERAT HEPIER SE0E: SN FERHER O TEIETTCE & 1E T8 e
configured that. the inclination of the pipe fixing menber is detected based
on whether or not the resilient nenbers are electrically conducted to each
ot her,[oor4whet her or not the pushing force is detected by the piezoelectric
elements, and if the inclination of the pipe fixing nenber at a X
pr edet er mi rieddestibed inbovde petmaentionpleli i peuadyLde iEh aURIPIEET PeEtE M he
inell nc?e;[nflia%g tgfatn%%zlgltpe SIlCIi X8R réeﬁ’c'ﬂ%ﬁﬂ surface of a container or deteriorating the
positioning accuracy of a nozzle tip end because of the inclination of the nozzle resulted from
movement of the nozzle in the lateral, longitudinal and vertical directions.
[0015]

The present invention has an object to provide a liquid suction device capable of
correcting inclination of a nozzle so as to bring a nozzle tip end into contact with a bottom
surface of a container without ‘causing damage to the nozzle or the bottom surface of the
container, and of enhancing positioning accuracy of the nozzle tip end, thereby enhancing the

liquid suction rate.

Solution to Problem
[0016]

The liquid suction device of the present invention is used in combination with some of
the following solutions.
[0017]
(1)  The liquid suction device includes an arm movable in X-Y-Z directions, a pipe, a pipe
fixing member for fixing the pipe thereto, and a pump connected to the pipe. The pipe fixing
member is coupled to the arm, and the pipe fixing member can be displaced relative to the arm
when the pipe opening end comes in contact with a bottom surface of a container, and an

inclination correcting mechanism is provided so as to correct the inclination if the pipe fixing

6



[0023] (7) The pipe adjustnment unit is disposed between the pipe fixing
menber and the punp. The pipe adjustnent unit includes a rotor around which
the pipe is wound, and adjusts the length of the pipe between the pipe

adj ustnment unit and the pipe fixing nenber, so as to correct the
inclination of the pipe fixing nmenber. [0024] (8) The liquid suction
device noves the armin the X-Y direction so as to nove the pipe opening

end abygpbhg R AMR] £1.600L ARG M. ante AMASs NG AMTdRed DRh4hdhipeGhi @R SO as
to bring the pipe opening end in contact wth the bottom surface of the

sanpl epipenpaiimednd iftqui vidermoorertnopdle tihnendont act, the pipe fixing nenber
conbined with the pipe noves along the rails conblned wth the arm and
then tH¥1Fl qui d suction device sucks the liquid fromthe pipe opening end

R R MR L T S DA
menber gy @R thied og%% f&i@%graﬁa% chdreotRirRed kel ochMdo WBRRRrfd:S Heoeat #d at the
notltal p05|t|on if the conduction between the resilient nenbers is
det ect gdsrtibf éephipethfough nig theogkiholes fdroedtie theatipd firing bmmiteako gasiktipge if no
conduction between the resilient nenbers is detected. In the case of the
abnornﬁKm5d§@Pb@hcmkﬁéwﬁlﬁ@n%dﬁﬁ§ﬁﬁénfnﬁnﬂﬁhﬁﬁﬁﬁﬁﬁgnﬁﬁénI@hﬁﬁhn%ﬁf%ﬁe pi pe
R TN o W G R
)Z(- dYI ?;{:ht%ﬁgér%}@a}[\/ﬁﬁaoélﬂoﬁshﬁ tHe £l @8 hedim. DAt R&ki e niEmerad n@fcotBgeaiiihi N the

the pipe fixing member. If the pipe fixing member becomes inclined relative to the arm on

the rails, the pipe fixing member pushes the resilient members, and then the resilient members

pushes back the pipe fixing member, thereby correcting the inclination of the nozzle. This

configuration can bring the pipe opening end (nozzle tip end) into contact with the bottom

surface of the container, so as to collect the solution.

[0019]

(3)  The resilient members are provided in every direction in which the pipe fixing member

is relatively movable, and if the pipe fixing member becomes inclined while the pipe fixing

member is located on either side of the movable direction relative to the middle of the rails, the

pipe fixing member pushes the resilient members disposed on the either side of the movable

direction, and then the resilient members push back the pipe fixing member so as to correct the

inclination.

[0020]

(4)  The resilient members are configured to be conductive, and the pipe fixing member is

provided with a conducting layer on its surface to be in contact with the resilient members.

In this case, the plural resilient members are electrically conducted to each other through the

contact between the resilient members and the pipe fixing member, and the inclination of the

pipe fixing member is determined based on whether or not the resilient members are

conducted to each other.

[0021]

(5)  The piezoelectric elements are provided at the base portions of the resilient members.
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conducti on between the resilient nmenbers is nonitored, and it is determ ned
that the pipe opening end is not contact with the bottom surface of the
cont ai ner while the conduction between the resilient nmenbers is being
detected, so that the armis continued to be noved in the Z direction. At

t he monment when no conduction between the resilient nenbers is detected, it
is determ ned that the pipe opening end cones in contact wwth the bottom
surfacg afs the, gont alipehixiAnfchiBe NOMERRAL af phitRs AddsNichh@ich@kfhthe
direction is stopped.” Thereafter, the liquid is sucked fromthe pipe

openi npiceretkctr{c0@6dnts (&Q)ts Thereseing foreafronethbessliar ectdibspos ed tnddtea tiey
beneath but al so above the pipe fixing nenber. It is determned that the

pi pe finelpglopehiiePnesiipg g1e8Weht t he normal position if the |ower resilient
nenberﬁxggﬁ conducted to each other, and it is determ ne that the pipe
fixing*meirber reaches the upper Iimt of the vertical novenent if the upper
resilignt NepRSHS cHBEQRNUHCHE thelifatRAGT iR FBE fixink nhdiehed @NibuetdiMAsddonnade
bet ween 't he upper resilient nenbers and the | ower resilient nenbers, it is
det er mvhetlertdrabt thhecsgigpenfeinbengradeadiecaliysondigitédiedaclaritiert trewhdtiee ophge

adj ustnent adjusts. the length of the pipe, so as to carrect the_ inclination
of  t hetlBingyeing Jqreyisrisiieséid g)[ BEPr§zockeqtny SEi apft s Benafien of Whaiies

di sposgd: _at e _hase i iLient . Ct i.ng

for oo Dt eratpfsdiiopRikEhRYSy Junb 1® dShall; 0 pPEAREI Rl RE koPL D

fi Xi NYiHABARA of fheiphsd fiO8E meadr.t hen the pipe adjustnment unit adjusts the

| ength of the pipe, so as to correct the inclination of the pipe fixing
menber [00E®P28] (12) The resilient nenbers may be forned of springs,

rubber,__spange .or nets. It the resilient nenbers are forned, of magnets,
" por t3n orLiee BhpSIER Y bEr DpBEET 5 ERE TE% PIERE HEdBePaihe
config . i | r i -a8S: t nets of
The. 1 o P G R L R T, L el

resil i pagthneMde m$peahawihe dpi pec fadjusngnreabeaendahd phet fieen mdwber,aid s way be
configured to include magnets having the sane pole, alternatively.

Advant egjesstighe Bidiagtion offthe pipe Axingrineppo29] ‘According to the present

inventbﬁ% it is possible to bring the pipe opening end into contact with
t he bo " surface of the container without causing danage to the pipe

openi n?g)endn(erx%zd Sucktidh RIcOREMARIIRI arfnh® (ROt IiskfibR6SaPlo bR BRI Ner,
and coll'ect a droplet on the bottom surface of the container efficiently.

Si nce opmimy g 2bave e oeple amthindieai pevdsité agn methbed dirstionse estabing even
be al VPt PRTHE PO CHIRESTE &9 ROk Gurtatuel Mg RBPIa e, cat e
moment of the contact, the pipe fixing member combined with the pipe moves along the rails
combined with the arm, and then the liquid suction device sucks the liquid from the pipe
opening end into the pipe.
[0025]
(9)  Before moving the arm in the X-Y-Z directions, it is confirmed whether or not the
conduction is made between the resilient members, and it is determined that the pipe fixing
member is located at the normal position if the conduction between the resilient members is
detected; the pipe fixing member is located at the abnormal position if no conduction between
the resilient members is detected. In the case of the abnormal position, the pipe adjustment
unit adjusts the length of the pipe so as to correct the pipe fixing member at the normal
position. If the pipe fixing member is located at the normal position, the arm 1s moved in the

X-Y direction or in the Z direction. During the movement of the arm in the Z direction, the

8



Brief Description of Drawings [0030] Figure 1 is a drawing of illustrating
a configuration outline of the liquid suction device. Figure 2Ais an

expl oded view of a pipe fixing nmenber and a rail base. Figure 2B is a
drawing of illustrating a state in which the pipe fixing nenber and the
rail base are assenbl ed. Figure 3Ais a schematic plan view of

illustrating one exanple of the pipe fixing nenber. Figure 3Bis a

schenat i gy phans¥iew ofe jlhist Hehbag ons @AM Led of ist fferfdids BASEe pipe
i1l a

Figure 4A'1s a drawmng o ustrating a state in which a tip end “of

nozzl ecp&idpent @dn@baneaca withopk eottom surfacEioguhe cdBainsr avhile ald nonduttion
illustrating a state in which the tip end of the nozzle collides with a
nmenbr ahetwep therresilient menghegiisebeBry dedeciedd paiiah gheofrmeis pPaimeA do PREAVAEI nat i on

cor i, SHLEGh oL HEoo BB e TR BN R Ao RO =
o B gt st plingen Skt o heen Lt
fi xi ngofrgwlaentaingr, iand denhaadment thiht hem ioverheigs dircain inspprds fieietierown
wel ght the liquid is sucked from the pipe opening end.
[0026]
(10) The resilient members are disposed not only beneath but also above the pipe fixing
member. It is determined that the pipe fixing member is located at the normal position if the
lower resilient members are conducted to each other, and it is determine that the pipe fixing
member reaches the upper limit of the vertical movement if the upper resilient members are
conducted to each other. If the conduction is made between the upper resilient members and
the lower resilient members, it is determined that the pipe fixing member is inclined, and then
the pipe adjustment adjusts the length of the pipe, so as to correct the inclination of the pipe
fixing member.
(0027}
(11) If the piezoelectric elements disposed at the base portions of the resilient members
detect pressing force at the predetermined value or more, it is determined that the pipe fixing
member is inclined, and then the pipe adjustment unit adjusts the length of the pipe, so as to
correct the inclination of the pipe fixing member.
[0028]
{12) The resilient members may be formed of springs, rubber, sponge or magnets. If the
resilient members are formed of magnets, a portion of the pipe fixing member opposing the
resilient members is configured to include magnets with the same ?ole as those of the magnets
of the resilient members. The portions opposing each other between the resilient members

and the pipe fixing member and between the rails may be configured to include magnets

having the same pole, alternatively.

Advantageous Effects of Invention



Figure 6B is a draw ng of explaining the inclination correcting effect by
the lower resilient nenbers of the pipe fixing nenber. Figure 6Cis a
drawing of illustrating a state in which the resilient nmenbers are

di sposed above and beneath the pipe fixing nenber, and the pipe fixing
menber is noved upward. Figure G is a draw ng of explaining the
inclination correcting effect by the upper resilient nmenbers of the pipe
fixi ngrmpgber . Figure 7A is a drawing of a configuration exanple of
detecting a position and a inclination state of the pipe fixing nenber.
Figure 7B i sceordingwb nigz pfesant corehiiguriats pwssié)kearq)bz@'mg)fhe@p@opénﬂgg endosi t i on
and a inclination state of the pe fixin gure 7C.is a

F
dr awi ngoRRCctaigo AT RYUPELHACCEK R |cem61fneaéfetg@fﬁ %e,snag posigs Brib& e gpening
I ncl | natc} 0 gltgtcthe Ofd))(tgﬂﬁinp {h $ %I X n ace grfb §L container an!igbllrl&t Iar'dp%tamlqﬁeaw ng

of a c&h e 0 &t ec ing a position an i ncli‘natton state

of t heb@ﬂuﬂﬁ LS MBHBBkiner efficiently QUSRS Elel Fipd ook BWiBE Ofd Be AR fixghit ati on
exanpl e of detectlng a position and a inclination state of the pipe fixing

menber member is Rioguecebld dven atf dhaviipg frxﬁngxrprlnd]emmgndfneé kd cfbratdths umpé an

devi ce capabl e of m crobial neasg n?
unnecessary to be always straight, which results in size reduction of the device.

Brief Description of Drawings
[0030]

Figure 1 is a drawing of illustrating a configuration outline of the liquid suction device.

Figure 2A is an exploded view of a pipe fixing member and a rail base.

Figure 2B is a drawing of illustrating a state in which the pipe fixing member and the
rail base are assembled.

Figure 3A is a schematic plan view of illustrating one example of the pipe fixing
member.

Figure 3B is a schematic plan view of illustrating one example of the rail base.

Figure 4A is a drawing of illustrating a state in which a tip end of a nozzle is located
above a droplet.

Figure 4B is a drawing of illustrating a state in which the tip end of the nozzle collides
with a membrane filter.

Figure 5A is a drawing of explaining the inclination correcting effect of the pipe fixing
member by using resilient members.

Figure 5B is a comparative drawing of using no resilient members.

Figure 6A is a drawing of illustrating a state in which the resilient members are
disposed above and beneath the pipe fixing member, and the pipe fixing member is in confact
with the lower resilient members by its own weight.

Figure 6B is a drawing of explaining the inclination correcting effect by the lower
resilient members of the pipe fixing member.

Figure 6C is a drawing of illustrating a state in which the resilient members are
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Figure 9 is a flow chart of illustrating steps of liquid suction. Figure 10
Is a drawng of illustrating a display screen of an input output unit.
Figure 11A is a drawi ng of explaining a problemcaused in the case w thout
enpl oyi ng the present invention. Figure 11B is a draw ng of

expl aining a problem caused in the case w thout enploying the present

I nventi on. Figure 11 Cis a draw ng of explaining a problemcaused in
t he caggpostd Absile SAMb-ayithghd bipe dxesenieniboy entli the pipPesdng ptehbar 8f moved

Enbodi nents [ 0031] Wth reference to Figure 1, descriptions will be
provi dadvasd. t he outline of the configuration of the liquid suction device
according to the present .|invention. The fogl w ng speci fi.c un%ral val ues
and nat eri a'EUEAY &t ATV & reé(BFa&l%%lt d'™"& n%ﬁ’él rl’%e%?d?ﬁet “i%¥%nti on,
and the RLESEOLL-DYERL bOR Hxth@mbdm ted to them [0032]

Figure 7A is a drawing of a configuration example of detecting a position and a

inclination state of the pipe fixing member.

Figure 7B is a drawing of a configuration example of detecting a position and a
inclination state of the pipe fixing member.

Figure 7C is a drawing of a configuration example of detecting a position and a
inclination state of the pipe fixing member.

Figure 7D is a drawing of a configuration example of detecting a position and a
inclination state of the pipe fixing member.

Figure 7E is a drawing of a configuration example of detecting a position and a
inclination state of the pipe fixing member.

Figure 8 is a drawing of explaining of a liguid suction device capable of microbial
measurement.

Figure 9 is a flow chart of illustrating steps of liquid suction.

Figure 10 is a drawing of illustrating a display screen of an input output unit.

Figure 11A is a drawing of explaining a problem caused in the case without employing
the present invention.

Figure 11B is a drawing of explaining a problem caused in the case without employing
the present invention.

Figure 11C is a drawing of explaining a problem caused in the case without employing

the present invention.

Description of Embodiments
10031]

With reference to Figure 1, descriptions will be provided on the outline of the
configuration of the liquid suction device according to the present invention. The foliowing

specific numeral values and materials and others are represented as one example of the

11



As one exanple of the size and the shape of the outer franme of the liquid
suction device, the liquid suction device is represented as a rectangul ar
paral | el epiped with the size of 30 cmdepth x 40 cmwi dth x 40 cm hei ght.
The fundanmental configuration of the |iquid suction device includes the drm
101 novable in the X-Y-Z directions, the pipe 102, the pipe fixing nenber
103 to which the pipe 102 is fixed, the punp 104 connected to a rear end of
t he piipeeritidA, arkiribe povinh grvescdndmhertimils! fodhemdr i vi ng the arm 101, and the
inclination correction nmechanismfor correcting the inclination when the

pi pe fﬁ@?%b menber 103 is inclined relative to the arm 101. The novi ng
mechani sm 115 - 104 , : 5. The

| iquid suc F8H9§§%%@§O$ﬁg?ﬁ%gn?ﬁ%?ﬁ%%gkﬁﬁ%&ggﬂgﬁPé@gﬁgﬁg&ggﬁ%gﬁﬁéggqloe,
107, 198 1d0d dibSorS@iles s CqtsahBehs 8§ tafighel0Q pabiielesipap héthabntiat DEE0 A6
illustrated in the drawing has the bottom surface nmade of the nenbrane
filterdepliOx 4Dhen mailth sbd8 emlliddglits Thx&chdementab cenfrputdivn cdnke tipad pheioal rail s
112 are fixed to the rail base ||l i

T lural rails i sposed. in
par al | &vigegnelydss Be pap . 10f gerygple n the &{S}eg% ére%tﬁmiss{%ﬁrﬁ’l@xa‘[ﬂ%og?dﬁw gwn@f t he

pi pe fjixi r.: %0 ad ~al I | I l.ng of
il ust‘Pg‘PE%gl%;qgﬁ%ﬁ‘%h e 3R s Egédpf%%ﬁ??éﬂ% coflefilli & £1ks L1 B AEBINO, OF
111 argyassemb)vas: nAshdridngl s abedrivingFHhgune 28, dddechpi ipelifatixh ngroafdaer 103

is provided with the through holes 113 vertically extending through the

pi pe finxétngismeirberrdO8yg therdclinaor whe thel@parising meattee d03 s intlwed ieldligh hol es
113 as illustrated n Figure 2B. The._ pLpe.fixin er 103 i.s.vertically
movabl @ S tlhg r a9 ?O%T@, MHANH &gl‘é éidp etl?]ﬂgni{/rgg%)iaéealco%ﬁql%a/ " Hene

Fi gure nakphy ; hffadvicd RANEBIRANCL AR Jifal SnfAOEARLnYs 106t he
resili%%%%%% efsT%¥qu?§%g§ed %ﬁ tﬂ% rail bgse llabynﬁ?s.omﬁnmeigﬁt, but

i s not1EQMOE Red the sdrhsie eofit@sict kemi 10®MbEhs sadple cpBABL] 106 illustrited i €e3A is a
schematic plan view of illustrating one exa e piéf fixi.ng menber,

le of th
and Fi derengdBsithe boteheyitics e1agf ghtbeiasimbeng fltestiat iThe rehaselampt BXf t he
rail bast%% ﬁfArle'g'l,'ré:ﬁsq‘ {hggglgmfl%fﬁ LS AR gagh r%}f% bk 118! 'fzgalﬁ‘\gal”i%ﬂ?%{es 114

dispos%ﬁ aced at eéach Ccorner ou € a rectangle
defi negicDye& Dy Q1M td @kh $thdd2. The hole 116 is foinied at the center of
the rail base 111, and the pipe 102 is inserted through this hole 106. As

illusti@sgd in Figure 3A, the four rails 112 are inserted in the respective

four through holes. 113 in the pipe fixing nmenber, 10 and, t he pi i Xi ng
menmber 103%%‘%&4 i %?ﬁPéF@Fd\M‘?"hOEH’@ BS| 1#]'%&?‘3’?1}%%3?53“ e il gﬁgﬁig manner
t hat tfl

ife. fixi ﬁgqﬁ : - 0S| {ﬁﬁg t the
f our cd%%%?ﬁﬁ§£}¢%&%1 meﬁ%ﬁ%&g%&g%gﬁégh?ggﬁﬁéﬁfﬁ&g%H%?EF e c%ﬁ%%?rﬁﬁ t he
pi pe fbakngl ARS8, AOPRE ated in Figdib@ Aitpepiddfxiaf nidhebepl €5 Btrowdddodi nent
is formed of a cylindrical glass capillary (manufactured by GL Sciences

I nc.) Wwithithgthrdughl hebagt H 3ofertzaily exending drroegtastnire Bfing nsstenhyandd thve out er
di aneter, of _0. 660 nm. d of .the pipe 102 i to th 104,
and |t helsi 33 SE0PSPER iR URBUE 1 B P RIS i B o T BoS TERBN of 4

cmfro I ' ' f - i ni ng
ond 1 Ofﬂ[e Ig@rp ﬁ%gig fviei)‘?i?%l&pfrnlgﬁ%g? Qi'cl)fggt}%e-l;gﬁs 1 Cm pRELLQ Dy ﬂl']é)%rﬁw aBboRen ARe

unctions as a nozzle and the pipe
openi ngigafd2B UNEbintdlR, @8 pihe ikdzzhankbard. 031 inte gosthdt ovittothe trbsgliero nzdngbewd t h t he
pipe sinplifies the configuration of the nozzle and the pipe, and_
el i m nat4 dispokd tonethe grihbeteeld Iflacks penviedaht het Kows P@mhlﬁag fhiheps proilient
stabilize% tgz | iquid suction speed and prevents contam nation fromthe
connecFEBPESCE *het ween the nozzle and the pipe. [0036] The arm 101
gan ”D{ﬁﬁg? cmin the X-Y (plan) direction and 20 cmin the Z (vertical)

i rectfron.

Figure 3A is a schematic plan view of illustrating one example of the pipe fixing
member, and Figure 3B is a schematic plan view of illustrating one example of the rail base.
As illustrated in Figure 3B, each of the resilient members 114 disposed on the rail base 111 1s

placed at each corner outside a rectangle defined by the four rails 112.  The hole 116 is
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[ 0037] The pipe fixing nmenber 103 is founed in a rectangul ar

paral | el epi ped of polypropylene material with the weight of 3 g and the
size of 3 cmdepth x 1.5 cmwidth x 0.5 cm height. Each of the four through
hol es 113 folioed in the pipe fixing nenber 103 is a cylindrical hole with
the dianmeter of 0.3 cm The four rails 112 are di sposed on the arm 101, and
made of alum num material, and each of them has the dianeter of 0.28 cm
The pifeméd ¥ he comeber Q3 i bsseprioy intlethewiipd 10 e insdrfed th:bAgh tisehdled04.hr ough
the through holes 113, and the pipe fixing nenber 103 is restrained by the
rails Agflseatedin Bighe Hovhdlar palsdl P wee wecaseindhmicseetivg o grough holesThe

rrenbra filter 110 usedb t lﬁOttO surfac f t he cont ak ner . as
nenbra ’fllt]ilet]é‘Pe é?‘@ﬁép%‘a %3 ’Lﬂnﬁ1L o BRIV %WF‘PF% e CRESHI AR A 1V
(manuf achuted. f@%erM 4 [PQLE 2 nRRAQRALEORbe Wil HBRLRAS c8i&s 1Rbe &sfﬂ@mpm t he

t hi ckness of Imand the porosity rate of 79% or a Mtex menbrane

filtermembayiacuunedomycoMd: b pooenGerglar atlhepjpevioRhs fikel pohecsiaefde 10 pm
and a pol ycarbonate filter (manufactured by MIIlipore Corporation) with the
por e spipeliphgmanierdfand the thickness of 7 p.minto a circular shape with
t he di Fogg%]er of 0.5 cm respectively. As a sanple container for general use
havi ng ottom surface other than a nenbrane filter, a pol ypropyl ene tube

(SARSTEDT, 155 535008N} i RRLYS! HASUAnLHOR &MEEQTayhﬁéﬁea‘iﬁﬁass eagahavi ng a

di anet er of cm were used. [0039] Al um num’springs were used as

t he reghdnugioturdteb&i sSclddes Inat) havmpdwglength of Rbh ére 1rm¢rehana¢tenwf30 b msed,
instead. The resilient nenbers 114 nmay be nmgnets, and if nmagnets are used
as t heandelp piientiapsibef §-009 mm Hn %fttée mp@d@%éﬁc%we%tﬁéws@i? paEe 16 t he

R
menber gqld@ne B{> 2040the 4 cm pAM&rbfra@ftﬁé BIpe & pb@inFieBd fLthd PipeHi:Gad RefhBer Fizgure 5A
and Figure 5 descriptions will now be provided on the effect generated by
t he nofiemint a0k nbide prgtheiipe apgnine whéfuntOGnsadsdlmnazals endi | Biteptioand thehe
el ngct)zlzloenm(t:hotrhra%%el sr;lgﬂpﬁ{iésetﬁe cork’oguratl]on of the nozzle and the pipe, and elimination of
the connected face between the nozzle and the pipe stabilizes the hiquid suction speed and
prevents contamination from the connected face between the nozzle and the pipe.
[0036]
The arm 101 can move 20 cm in the X-Y (plan) direction and 20 cm in the Z (vertical)
direction.
(0037}
The pipe fixing member 103 is formed in a rectangular parallelepiped of polypropylene
material with the weight of 3 ¢ and the size of 3 cm depth x 1.5 cm width x 0.5 cm height.
Each of the four through holes 113 formed in the pipe fixing member 103 is a cylindrical hole
with the diameter of 0.3 em. The four rails 112 are disposed on the arm 101, and made of
aluminum material, and each of them has the diameter of 0.28 cm. The pipe fixing member
103 is provided with the rails 112 inserted through the through holes 113, and the pipe fixing
member 103 is restrained by the rails 112 so as to be movable relative to the arm 101.
[0038]
The membrane filter 110 used for the bottom surface of the container was an membrane

filter prepared by cutting an MF-Millipore membrane filter (manufactured by Millipore
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Figure 4A and Figure 4B are drawings of illustrating the effect generated
by the novenent of the pipe fixing nmenber along the rails. In the state of
Figure 4A, the arm 101 is |ocated at any height, and the pipe opening end
(nozzle tip end) 201 is in contact with nowhere, and is positioned above
the droplet 202 on the nmenbrane filter 110. When the arm 101 i s noved
downward fromthe any height and while the nozzle tip end 201 is in contact
Wi t h noyhefgon)t kigh MepRrd kixé BOOABTREIhd B3cUnkasofolF ot e aneshd peoditynerher s 114
and noves downward along with the arrn 101. The arm 101 is continuously
noved H¥nnwer Mitan thewtbesnetiHeer foanifectuied beAdlaore Eornorgdes) wilttHhe perefefbr ane
filter 110, the, pipe fixin er 103 ves .upward al on he,rails 112 by
he. i ¥ Hhise sk eCERabHAT T8 TS HorC BB g TiRe) SSPIFE PSR, Thi s
novene [ 0l ‘%?ﬂﬂ i from
bei ng %%%gggé%@%E%}?%tﬁ%éﬁﬁgfﬁﬁ iﬁﬁgnéhéngggs%%ﬁli esfﬁﬁgﬁg%ﬁgﬁggﬁégane
filterreddkivifher @by saeplr elnyaili:i fogigagrilhee nazikbes boyorendri2@lothat hacent act

with the nmenbrane filter 110 (collision relaxation effect). Follow ng this
novenenenbtane Gltawplae polrompslene heberelPdan&ERT.| faf310nd s Bienesiige t he

nozzle tip.,. d the nenbrane filter 110 are,in contact with each
otherﬂsfﬁgpgﬁgg%g%AEEE?F%ﬁ@@n%%gﬁﬁgﬁ“PﬁiEﬁBE?F%IFF% end 201 and the
nenbra@@3§ilter 110, thereby attaining the efficient suction of the droplet
202. | 45] The nozzle tip end 201 preferably has a shape other than
a flat shapgumeluat spéngsovérbarsa abrlanesflicht @embd®. 1 14 btrhe sperzl @ tbperend 201

has a flat shape parallel to the surface of the nmenbrane filter, the nozzle
tip enda0dl may bupseddinsigad heTherpsilisplememberad 14 Py e apgncke 2B HUERICE! t he

nozzle ti nd. 201.with the ane filter 110 that it,is difficult to
Suck Lt b uf ayshl Akt obE Micbia horigmaRe shR st Bt ehkne can
be pr %@&F%o&r@gb@@ g rosidr@ thebibetsng 4 BRI ADG A kd BB thS QnaSpdi®asSHEde t he
droplet. [0043] The collision relaxation effect is generated by the
nmov enestt thomaties gispeed oxilrgenpeabercnlt®s ldkong the rails 112. Specifically,

it was found that the pipe fixing nenber 103 is necessary to be novabl e
verti c®OfY! along the rails 112, but if the pipe fixing nenber 103 is

inclined r [ he: 0. . frigti: n - h hol es
115 of the BbaFrehfa b HkCh A Bipuld 4S5, LR 0 Uhg B B a R I O
verti cadw mevesrntd oh tdheti@i pendhosil ng temheemtABof {H0044d fixing merAberal (3Bt hod
of preventing the inclination of the pipe fixing nmenber 103, it can be
consi dépegtheaitsoriiagd the 1nelenafipg oUgFtingEeect113 and the rails 112 to have
dianetﬁ{% jn t he approxi mately sanme size, but in such a configuration, even
sl i ght Uikl i nation of the pi pe fixing menber 103 causes friction between
the inner s o BEet e eHigr.cpbfcaces yef the
rails 112,.ﬂg%gﬁgﬁﬁﬁgg$gﬁfﬁgg3%???%§ng8%§§g%?ﬂg% t he piﬁ% fixingﬁnenber
103. Thevimeltiofdtd gpe Gkingheempbpaldngxhagilseninahe 108 dfHigot A, e poslili oni ng
accuracy of the nozzle tip end 201, and when the nozzle tip end 201 is

br oughts” fopates eoatvabeichl end dhs give PEPIRICIBIRE BP opfbeVDoRID EPRhEY R e tip

d Jincli q he i . . ) L o
o08 SopEs O i BSulRE NS (OaRR: 205 RELISIALe A% 1RO WK il e et

€ IS deviate fom osition, i ch
hi nder $ 1 hem&Qat @ftnWird Rrob @Sy At chaaRy ahilofhd & A @PLRL 208% & dogetd t no

droplet 1s collected through thée suction. [0045]
with nowhere, the pipe fixing member 103 lies on the resilient members 114 and moves
downward along with the arm 101.  The arm 101 is continuously moved downward and when
the nozzle tip end 201 collides with the membrane filter 110, the pipe fixing member 103
moves upward along the rails 112 by the distance where the arm 101 is moved downward after
the collision. This movement ?revents the nozzle tip end 201 and the membrane filter 110

from being damaged even if the nozzle tip end 201 collides with the membrane filter 110,

thereby securely bringing the nozzle tip end 201 into contact with the membrane filter 110
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In the case of using the nozzle tip end 201 and the bottom surface of the
contai ner nmade of a vulnerable material such as glass capillary and a
menbrane filter, it is required to reduce friction and the wei ght of the
pi pe fixing menber 103 as small as possible, so as to prevent the nozzle
tip end 201 and the bottom surface of the container from being broken due
to the friction and the weight. Note that too small friction and wei ght may
i nduce;chingiohnelaknmhi @fecof FbRowpingethfsi bngnamenberdrafidc 2Thenithe hiendtrinen of
the pipe fixing menber 103 is always an inevitable problemin bringing the
nozzl efittdrp 18ndsi@Bad. | esechategae p el Theandohe rmaintealdisr 30 afen CONEH ner .

The incljnati th i fixi 03. i wh 101
Toves T ER S et o GroErer RATRE: Beqeracrrsndanires iiginbhge B FOL 1
end 20ﬂﬂf?ﬁ%%?%gﬁﬁgggggéﬁ¥#$$ﬂkﬂgnQggggﬁbgygbgce of the container. In this

process, nation e pipe fixing nmenber 103 shoul d be corrected.
[0046] 100427 Wth reference to Figure 5A and Figure 5B, descriptions wll
now be provided on the inclination correcting effect_of the present

i nvent i on. Theguedesin ¢id st prstesebly hes pahapepeiber hen av@%tﬁh%wera@éffi 1t dist

menbers thereaqn, d FrLqure 5B il| tes ghe rail ba | it t the
resi | | BATCHERBUFS egtgﬁ}xfg¢ﬁWﬁW§%®agm§F§%%S%¥m§ﬁgﬁﬁ$§J%%S%ﬁ¥%§Et e

i niti i ishelibdat heMmshighhd Nl 1bhffehine dofiatd al
state?ﬁ$ﬁ$?ﬁgﬁ%%%ﬁ%gggégﬂaﬁggi%%fsthé nozzle tip end 561 isin cgnfact with
nowher g thaRgzAd ey ardnlOith theloanbrenk @lterdny, ¢ iWaidi pakfificiiom suak theadoplet

illustrated in Figure 3B, the resiljent nmenbers 114 are diigos%%.o t side
the reddZandihe nevie bpaahavYe phebliarlysuhHlre eakEg PrevHued s SpingbHge er

103. The pipe fixing nmenber 3.,1.8.jn contact with the resilient menbers
114 bthﬁgmg%ﬁ%ﬂé#ﬁ%Pﬁsgﬁﬂﬂ%#ga%P %Lfixing menber 103 is not inclined in
this SF%Q§; [0047] The inclination correcting effect was eval uated by using
the followng two nethods. [0048] (1)If the pipe 102 is held at its portion
30 cm aboveTlichellpiqueckhixximgefrerbaend @8 by dre mresmping of dedipesiiiag Beabpy
pulled to the right, the s be its fixi nt . se

ful cr uli gloogehe g }lﬁrhe&éﬁ%ﬁfgﬁ%zﬂiv@f %t}l{‘ﬂf&r'?atp 1 R3F %g'“%?llﬁraﬂ}e& Wik = °
L, IR Ao IR ARl B P R el sogerent
inclined relative to the arm 101, friction occurs between the through holes 113 of the pipe
fixing member 103 and the rails 112, which hinders the vertical movement of the pipe fixing
member 103.

[0044]

As a method of preventing the inclination of the pipe fixing member 103, it can be
considered to configure the through holes 113 and the rails 112 to have diameters in the
approximately same size, but in such a configuration, even slight inclination of the pipe fixing
member 103 causes friction between the inner surfaces of the through holes 113 and the outer
surfaces of the rails 112, which hinders the vertical movement of the pipe fixing member 103.

The inclination of the pipe fixing member 103 affects the positioning accuracy of the nozzie
tip end 201, and when the nozzle tip end 201 is brought into contact with slight amount of the
droplet 202, the nozzle tip end 201 becomes inclined due to the inclination of the pipe fixing
member 103 so that the nozzle tip end 201 is deviated from the position, which hinders the

contact with the slight amount of the droplet; as a result no droplet is collected through the

suction.
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inclined in the right direction. In the case of Figure 5A provided with the
resilient menbers 114, when the pipe fixing nenber 103 becones inclined to
the right, the resilient nmenbers 114 di sposed on the right of the pipe
fixing nmenber 103 push back the pipe fixing menber 103. The push back from
the resilient nmenbers 114 corrects the inclination of the pipe fixing
menber 103. [ 0049] In order to evaluate the correctable inclination
angl e, j@4rectangl e was drawn to have the size of 10 cmlength x 5 cmw dth
-and an origin defined by the pipe position on the pipe fixing nmenber, and

t he angl e washeombcof wirenthe whizdhtimwes! 2dfand sl tytosn striaas ghthe comenpassgieng
through the intersection point between the rectangle and the pull ed pipe
and t hef fbmﬂ@?rﬁ?legﬁéﬁrﬁ%éuwsggq%ﬁawa@ &3PG 17 P %P@%ktelia iﬁrféfe%‘fre‘f Fﬂefeﬁvcr‘fe

bef or e bei n Lled. 1 A;t c i-di resiql i pﬁgg 114 as
iIIustggﬁg g?ﬁﬁﬁﬁgﬁ¥%OEK?Q§$€%3?¥g%ﬁgggﬁggh%%ﬁh&§$ogﬁgFﬁﬁgﬁ*a %ﬁﬁFhe pi pe

fixi ngne@nbes cAd30nasdahs teabatkurRto of e werdihaafrdy vEabloRestas & theo the
contrary, in the case of providing no resilient nenbers 114, when the pipe
102 waSidtine kidid vatglz4, NoteghgitpeshalkfrigiomendwrigchoBah schine theerdlingiain §f

M B Y AR T A R B A O LR AR
i nel i DL MIC BRDRAL ' 'é}%gr;gg]&% ﬁ%erﬁé%h&' %?ﬁﬁ@%?ﬁgctgﬁtﬁ he BN, Rke §ihe

| at er al nove prpe was fixed at its portion in the

Vi Ci ni ¢ Rhtatdee pPrHPind Rbtioand thdrgipariiddhendsr MOV edcavaly whe0tetduins1(fli Xi ng
position in the lateral direction, so as to incline the pipe fixing nenber
103 anuhoessaintib 3-Y Hisediont canie éhei A digpition aptver pibpe the neizplg tivearb el ] ToBewas
novabl e vertically. In the c of provi di the resil.ient .ne rs.114, the
rount Sk Rt B st Giras Do ae BHEY o Ub ATy BreSss D A BH Ot 6 Fiise. of
provi dj idd Rty el-Sied14. [0051] The above two results show
t hat tﬁggﬁﬁggﬂ%?£¢%%ﬁhe er f0§ is vertically novable even if the pipe 102

i s benf0048) nce the degree of freedom for bending the pipe increases, the

pi pe designing becomes nore flexible bé%the increase of the degree of
freedom thWiBpyiereaas foriiggret We 284 Figre o cdgspiiptions Rk nge\becRovitRd on Hisr ease

7 2Rl Sa s Gt PRYSIRey AL SEIR 1AFAERE, B RYEIEIY, amoun:

of the#ﬁ _ X-" rection a directit t her eby
si gni f ANt YesIRE GlehbeRf @BRBE] AddyFRlireCoRISIREaRa MBO il BaskNa | afiRU Shepar t s

at the tinme of the collision of the nozzle tip end wwth the bottom surface
of t heresitiet@nereberstherdon. t Refinmglthmsiete ohthefl'igure 4pigsdhd iniiahgfaivewb ércusgd0052]
on the inclination starting with this initial state. In the state of Figure 4A, the nozzle tip end
201 is in contact with nowhere, and the arm 101 is located at any X-Y-Z position, and as
illustrated in Figure 3B, the resilient members 114 are disposed outside the rectangle
surrounded by the rails and beneath the pipe fixing member 103. The pipe fixing member
103 is in contact with the resilient members 114 by its own weight, and the pipe fixing
member 103 is not inclined in this state.
[0047]
The inclination correcting effect was evaluated by using the following two methods.
[0048]
(1) If the pipe 102 is held at its portion 30 cm above the pipe fixing member 103, for
example, and is laterally pulled to the right, the pipe 102 is bent at its fixing point serving as a

fulcrum to the right. The pipe 102 is further pulled laterally to the right, the pipe 102 is

further bent to the right.  Along with this movement, the pipe fixing member 103 starts to be
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Next, a study was nmade on the nunber and the position of the rails 112 on
the rail base 111. It is preferable to provide three or nore rails 112. The
nunber of the rails 112 nay be two or less, and in this case, it was found
that the pipe fixing nenber 103 was likely to be inclined and it was
difficult to correct the inclination. It is preferable to dispose the
respective rails 112 with the equal distance fromthe center of the rai
base 1ihdliddnwhd HelithBreetpnal Lditetcascef Beuweeh ptdve:ieria.hltlst%asasi\bdnlt melm]ttrst hese

di stances are unnecessary to be equal so strictly A study was
made ohl4t rw,hen rike ameaﬂmmmp@émt } Gnbespriepandlissd ¢ &@trl%nvﬁ@ﬁ%SIll@a mefbefsg

f | | at t | nh 114
b “out LidseRed pbi P Gehuiar ineae e b Arater hg” P skt pre S SERERb RS o "
the rajjss g éﬁ@h bo& Fdh {he@@s%?en{ }nlemb(er 1948r33) thel%@am@ﬁ@m@hﬁe pipk igre are

f our ralls 11 the resilient nmenbers 114 are preferably dlsposed on or
out si deetiber r8ct angl e havi ng apexes of the four rails 112. The resilient
menbers 114 may al so be di sposed at the positions of the respective rails
112 sol088%t o surround these rails. It is preferable that the resilient

b mb f |
base 11 dp S TR BTaCH® feTosd Tk IR RERl § I RS o g b %, 12
resilig %lat%ﬂ?’ﬁﬁ&gﬁ#ﬁs\éﬁrﬁd&%'aﬁ%o{rpd%%@bﬁ/|ﬂ§‘e RbP sﬁﬁdﬂ&ﬁh@ﬁ%%{m@3 and

t he rai danage was caused to the nozzle |p end and/or the

bot t onmsmbéaesd die drfyée cantdAduieed, WI0OA5Has defined Bihe sirmght It passing Groeht i ng
effect is generated by the contact of the P fixjng nmenber 103 with the
resil |fémntﬁr@@ﬁa@mspowbewﬂxeH@ﬂ@}gbﬂ‘eaﬁq sbpﬁg %%?fﬁ%%ndl@s OH8EoRELIIP REETAed. As

Lo R EhRHES oy ML, LD TRy om

| ncl i n@bik 08 ahuestihfigane asqed 5@@%&@@&“ ﬂxsglgeemzl W@Incﬁ”ﬁéﬁbﬁrﬁc’ 14 pige out of
the contact with the pipe fixing menber 103 even if the ﬁlpe f|X|ng menber

103 baﬁongsnmm@ﬁﬂﬂédmm<pﬁ©661uﬂotheVﬂﬁCéh@neﬁéﬂqﬁﬁQ pilol @ﬂmﬂMMleéﬁlllent
menbers 301 were additionally prOV|de ove th |n t he
upwar d°45e PE RETEAIRE Padesist PRSI SO W fv)V EQ’CE‘S%CLFFQ% t

refere " ! | 48t iatiedibh dohgedisOufiE, 64 to
Flgureﬁéggig %kﬁgég?qég%ﬁ B%§%5%51 Pgﬁ?Pxed onfo ﬁﬁé upperceﬁgs of qﬁhe
rails grd?idirdle tdrglidnesicbent 14radrierd 530dingrevepiaay oibd imfinitie. bot t om face of
this ugger rail base. The upper resilient nmenbers 301 are di sposed at the
respech®¢@! pl ural positions opposite to the respective |ower resilient
menbers. 11 ded n era bas | ear,ang t rai
base 1@% 4H%iH51P§FP'%§§§u%§ﬁhbd egﬂ% (%E:¥8 e&FégﬁW?§ﬁ¥q§%$%%§g cone
in congactmuitdr tﬁéﬂﬁnpl(ﬂe fripxi gﬁﬂ WRTBEH 4183 patioh e tHel NEInRY of e l1iopat i on
of the pipe fixing nmenber In the present enbodinent, this ear ance
WﬁS%ﬁ%@ﬂ%%mmwﬂmwMMWM%%WM%M%@W@@WM%W@NeUp

end 201 is in contact with ngwhere, the arm 101 is .| ogated -Y-Z
posi t i BRlinaihE Pipfei PR &by H& merpyaiuatpahe fistange léld’r‘ﬁl E%e\m ’f‘ﬁe 6@@

resili nenber it d; 4 4t i fixing
nmenber FdlgIO 4 &°%are % éjcgﬁ, I V@ﬁg\?tggubdﬁ thr%re}gsl1 en{rh%{;rgbtei4§B‘%Oa?11 Otag%ve t he
pi pe fbf(!h@gat@ﬁﬂi?x%veﬁf@% Wik Mpeomvw o, BMpReato eher@@é bPProvidind he raflimnd 01 is
|l aterally noved to the left fromthis state, the upper portion of the pipe

102 froembhe Iddpe fixing menber 103 is bent to the right. If the arm101 is
further |laterally noved to the left, the pipe 102 is bent to the right, and
the pi B34 xi ng nmenber 103 is inclined to the right along with this

t. ted
becomes. i nere i EovP RSN Db AUt PFs SR It AR R vartodld BRI
the pigend by hee@@zr@'ﬂs@&r Q%e thENiegrep WS M cbasik £ benBRTtRS bipk ftred¥BITRRS Sipd 14

corrects t inclination of the pipe fixing nenber 103, so that the pipe
fi xi ngdewegrier bd@3ndssmoerleribicedy ihntiociehre ofaht degbd gf froadait, ehasetat walgdiogng t he

rails 112, [0057]
the size reduction of the device. The increase in amount of the lateral movement indicates the

increase in movement amount of the nozzle tip end in the X-Y direction and in the Z direction,

17



Figure 6C illustrates the state in which the pipe fixing nmenber 103 is
noved upward, and this state indicates when the nozzle tip end 201 cones in
contact with the bottom surface of the container or the very nonent the
nozzle tip end 201 cones apart fromthe bottom surface of the container.
The pipe fixing menber 103 is in contact with the upper resilient nenbers
301 but is out of contact with the lower resilient nmenbers 114. If the arm
101 i s hett QIR fAnIPYREcHO dePﬁbihit%f &t daﬂsih%'lién b 8he VRUPbRG: 02 DECOMES
bent to thé right. 1f the arm 10l is further Taterally noved to the left,

t he pi pe ddBRsibecdnbs roert ttpoctdevith giet botamd sutfecepbfehd icsitrgeménbér 103
becones inclined rightward along with this novenent. In the case of

provi dinERHEP P PIPREXINE 8Kk ber s 301, if the pipe 102 fixed to the pipe
fixing{ er 103 becones inclined at the angle of 20 fromthe position of
Fi gure .- the vertical novenent of the pipe fixing nenber 103 al ong the
rails 112 Qe&an%u%u@%h&%@uhmumr SQMHE BbYiiod Bf thPeaikaAsSe RfthPraf\ash Ng the
upper resilient nenbers 301 above the pipe fixing nmenber 103, if the pipe
fi xi nglhenteis [k&8rabecio pes/idendldeme dnare ghiswaz.d, Théveurhlef tof thesnils Edtmamrber s
301 push back the pipe fixing nmenber 103, as illustrated_in Figure 6D. This
push bﬁ@kobkﬁ%ﬁﬁdﬂééhmﬁ@ﬁt“ﬁ%ﬁH@P@fﬁﬁiﬂ@dﬁ?%@ﬁ@gﬂﬁﬁﬂgﬁbmph%¥ﬁ@ﬁ%bF)Wﬁe pi pe

fv iefit ng g{gﬁrgé)afrggig}fywa%odggﬁc%ﬁt £oh§o;t9%£et;q£ i iﬁié;ﬂ%gﬁﬂbﬁn&lgéﬁm@ QL rcﬁ%g@ gnto the

\ _ e state al ong the rail 1Z27even’it the pipe 2" becomes
i ncl i nedhativt halsang! ®itethe2Bual Thiitsndeedrh i d@fer @@ ieRE hge ef f eed witipeoved
the inclination by 25% [0058] Descriptions will now be provided on

t he enbpdi detncobeiveni thor fatg as hellpbsi thieendiatadeds ee tnedcessatyl ©rbestgutlesoof t he
pi pe fixing menber 103. In sone cases, the armis needed to be noved in an
envi r off#8AY- i n which the position and the inclination state of the pipe
fixing(ﬁggger 103 cannot be continued visually. For exanple, a faint |ight
detecting pparatus is designed to have an outer body as a dark box for
preventing Aighty {vaomagatearihadndtaldmoauisitde, ofShe assiliant reahbeze 1d.gHt is
sensitivity of the detecting apparatus while preventing external |ight from
bei ng prefradeitn gt det stilpiprparstieueh ths rilishbmsmhsrs il bt ioar o puiside tfar k :

box. In the e .af incorparating the present.jnventi into ch
appar aPUREoH ST SHTEHEEIET I BeE ARREET DR, BBty Hoer PR st at e
of themipe $HXI N NBHRRTe, 193nke HeNbPUSE 110 HRI fsARPARRIMRrs 14 iaf
i mpossibfe to visually check the position and the inclination state of the
pi pe f pueifargblpetiiyersed 08 cbefitide thesanphge ihsvipg apedtsi of thhdodardklsddR, Tliwe
sanpl e is sucked and discharged by using the |iquid suction device, and the
faint T5YKDt Bemeeisilah may akgis Besed 31 ahe psitings @? H’Eé%%’?c‘i"? el 1250135 #at i on
correct.l f -can I ] f : t L4 ke, the
onl y. saprst ey OIE pipHRAEHE R RERARG: Ron et T e ldrlin Y ollr 'S
nONi t Opipk Bk POSAdHIRR 18R Gr e rdiNEdst NAl ] 6N ast@indield foheeiepef fhex. ng: weTber
103, surely bring the nozzle tip end 201 into contact with the bottom
sur f ac®uofl thiteifcbntesilivat mewbersddet were combiried del bpihpde fine gngarebder 183 into
t he nornpl positio en becom ng inclined, and secyrely avoid a.risk of
Caus nEPOEIHGH 5 £ Ho CROZ G0% Foehih 6T0aie B ABtbb RSt FAREE 5 ¢ he
cont ai ger...[.8099] Wth reference to Figure 7A, descriptions will now
be prOV|d%8 on the configuration exanple of detecting the position and the
inclingﬂng state of the pipe fixing nenber 101 The liquid suction device

e

i ncl udes t plural conductive resilient menbers 114, 301 above and bel ow

t he pipe fiXhoigchearvercono@ingafict sazenesisd by ithecanéssit of Swtpipehveg seaber

el ectricall onnected to t controll.er .105. The ni fixing . nmenber 103 is
o ovi deE WIVHEE FSTEoRBEEDrA 1 Q7P S e SRPEHRSTEEHE L Dot o ERaL | 0% t o

t he resil.i : ; r-esid.J 1 01
come 1 S UERL TR e B e T e NS B P TR et
contacti 1 dul fohfePédIBsidr XélMentioR IRt aice ireligaton effiddt \is GeRckiet estchite @REh

ot her. The upper conducting |ayer and the [omer'conductin? | ayer of the

pi pe f recilivgt mentbers 103 aneofiihs sorthelcwith dwlniye Gonasetrelrtig3 exghif dhenmpe | f

t he pi e‘fixinﬁgnegﬁfr 103 $§$nes inclined, part of the lower resilient
menber SXPEMEBRES O PeEBRES4LE ™Gt h t he | ower conducting | ayer of the pipe
fixing menber 103, and part of the upper resilient nmenbers 114 al so cones
in contact with the upper conducting l&yer of the pipe fixing nmenber 103,

t hese upper and | ower resilient nenbers becone conducted to each ot her

t hrough the conducting | ayers thereby detecting the inclination of the pipe
fixing menber 103. In addition, the piezoelectric elenments 402, 403 are
provi ded at the base portions of the respective resilient nenbers 114, 301,
and when the pipe fixing nmenber 103 becones inclined to push the resilient
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the resilient -menbers 114. If the above electrical connection is detected
and the pressure detected by the piezoelectric elenents 402 is the
predeterm ned val ue, the |liquid suction device determ nes that the pipe
fixing nmenber 103 is at the reference position. [0061] Figure 7B is a
drawing of illustrating that the nozzle tip end 201 cones in contact with
the bottom surface of the container 404, and the pipe fixing nenber 103 is
noved g@?ﬁrd. The pipe fixing menber 103 is in contact with none of the
resilient menbers, thus the resilient nmenbers are not electrically

conduct ed t eRedss akihgEoblde, the essidngnieattess 3(8 appladédiohdlyt prevideézbeleect ri c
el ements di sposed at the base portions of the resilient nenbers. |f there

i s no denplpetiixore asthbeo iprtes snyerd poyemerit dgedsgnt hEhip) wpbepesey el dicenent s,

the liquid suction device. dete|  n.nes at . t i.pe. fixin er. 103 is
not i ndISFRE Hay ‘H%ncﬁé‘%%gémt&%torejh’@“pf 'co%gﬁ’isﬁat%gm%%fg 1g%fet§3té%§gﬁlgttom
sur f acgn ofy.t 3l - | hé $aifs ODAWDGOfesilient
iIIustggi?ﬁéﬂﬁﬁg%mﬂﬁggg?af%%%g%§n$h??ﬁgg&%%g§&%§;mmaard after tﬁglﬁ%zzle
tip engeRBirsCONMESe bfovidudt @ctheViiottbnt faee bétiiompparrhddesof Thheippantesilingr 404,

and the pipe fixing.nenber 103 reaches the upper limt of the upward
movememembgns 30hiase dispesed at Hhe Tpsnseli e Kitrd PAEHDEY OPPOSTY © e reBRENELONE Tt h t he

silient 0 th t ili.ent 30
ol et rieRFTy OB AL Gl GO R A RGP REF® &/ neont TR T Sg: RUNBsr Hos i s
not i ngl4pe %il Qe P LISENGcH Haf B rSsiRRP heBbelsQobfin BOREQSHRCHE ?ﬁoe gixgigent s

403 di sposed at the base portions of the resilient nmenbers 30 I f such an
el ect rineabec i HCtHeaimé sf Hrdechetiveed thh@ipgpfreng mesiberdif. nentherses8®l and
no pressure is detected by the giezoelectric el enents, the |iquid suction
devi cecrderdmaitines ¢lepaence ers sitge °f P¥Mg nember 103 is not inclined, the
nozzl e %i end 201 is in contact wwth the bottom surface of the container,
and thg)8$¥e fixing menber 103 reaches the upper limt of the upward
novenent . [1Q0838Late of Fighie BN, 8hd Bbizfe Bp Gh@ B0 NG Bf cantdcbiShithaldwigrd fiatarihhe pi pe
fixing nenber 103 becones inclined to push part of the |ower resilient
menber 8011 ik4pcantlatt dng X-85L| ositionneniobe piklixipe stentvar k03 Feinpgiopect wih tig menber
103, but the _inclining force is greater than the pushing. back forc o)
Chat CHEF ROl ALTTBR RN oL EPERLE |G SR dEae BB e P hg Hermer
103 i syiN. i 1.k il : ; ' i nati on

si de. KR O e o e B A P T2 et
menber & htdpwakdhapveidentplipetidi. Xilhthenmnbed] kOBteralyi motddnedthe pefegsur thisnuch

greater than the own mei%ht_of t he pige fixing nmenber 103 is applied to the
pi ezoebtatst Feapptepasiiens o1t nipesfEslsem dke phe Ixingempuber Yisis Sentdq the BEhlt he

| ower ilie me rs, 11 I f n ectri.cal. ¢ uct | i e ween
| omer o o Thu TRl bR ShE S UASa SR MBI e TR gisneer
press ﬁf@e il Qe RbEARIEE ThdIBEd YRIHEG MR alFRE Svith M8 bt SULS IIRBra8Yirce

det er es that the resilient nenbers 114 cannot function, and the pipe

fi xi ngFiERROES, 13 the pipadixinedemp&0@4 |becomes inFlingdrte tizEighs, the tvanraygieof
illustrating that the pipe fixing nenber 103 becones inclin to push part
of themgppers i Esippste beckniiroeirs 3822 MHAGEhE Juppers Ped) gﬁféﬁpg g%ﬁ@ﬁ@n%o_l
push back .t he upper resilient.ne . : hncl.iqi r.ce.exceeds
P e SReLPRET o SRL LRkamae A P D0 NG, b 8

di sabl g Hae: @ il@%oifréeﬁédhgtdﬁﬁa‘e%cél%b%wstst@@I@Etthamaﬂb; pnly the upper _
resilient nmenbers 301 on the opposite side to the inclination side. At this
time, [W5&)]ectrical conduction is made between the resilient nenbers 301.
Meanwhi | e, Eressure at the specified value or nore |s @gplied o the part

of the uppeFigpiedfodlusbnies thealademniichone Pipe Innenerps LRI 1S VA EPYEE: | s
d d, t.h .t .of th i i

b eosared iy aRRfitgiFties D B8 et B8 4020} oReChCRER D REE Mol f e

301 cappete FaghéOn dBdehhedide tld Xb2e% NERRe01Q3mes dpite!fidiethe bottom

surface of the container. The pipe fixing member 103 is in contact with the upper resilient

members 301 but is out of contact with the lower resilient members 114. If the arm 101 is
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[ 0065] In the enbodi ment of Figure 7A to Figure 7E, alum num springs
were used for the resilient nmenbers, and alumnumthin filnms were used for
the conducting | ayers 401. Metal material or conductive polyner filnms may
al so be used for the resilient nmenbers and the conducting | ayers 401 as far
as they are electrically conductive. [0066] In the experinents, the
resilient menbers did not function and the pipe fixing nmenber 103 stayed in
t he i ngletatigticond st aiedeft in homsamte dsgspe 882 bddouss battéd themight. guf therbndfidl Fi gure
7E. It was found that the inclination_exceeding the pushi back .f orce of
the rédsifiihentatemioepeediadin leBdhs pomiPRReEcamRs GsPie th’f‘e%%t*ﬁngg]ﬁ%% f¥We pi pe

fixing ne r.103 and t.he .pu S, 100/ S , s 4

appr oprPF‘Qg%elloé #S?WCESHQ?I&% rxggﬁwa\é\@%lg & Baelt_hﬁg]i%r{'? %\f&r{l.%g_ oqxgé%eca\%in &fﬁ?ﬁldlsng

probl em %;5 BFeSilMRSH RLOYL 88 it i pg_saomzaﬁ&éa&b REObipd Aking§Adm B 0adpusidsng t he
pi pe length, as illustrated in"Figure 8. This pipe adjustment unit 801 was
di sposigdiitedtangennphre fP0pdrobi thie pgsitiemb £ FighB36@nte vireicgungvel@at ofTthe ppgicpe

adj ustnment unit 801 includes a rotor, and winds the pipe 102 around the

r ot or , epg meaibas i @3 elese grepwils dhgPrropesweRpssite pl QECLd) Y nEte GAEt*f801 and
t he pipe fixi menber.,.103 by, rotatin | S_rotar oL r. g the
incl | n;g(f)}agwgotggtuﬁgerpgeﬁlge?ﬁ %F%’gerr%e@%earb%x%% © E]\Pgnfg{l?g %ﬁg{bg?ggﬁb%égﬁég}? .
incli nednatnetdner anob&otfes 3&1REd APKSaRS thd leBSkEiBbR hdnfbekd YU gushAacit thes pi pe
adj ustment can correct the inclination by adjusting the pipe Iength. [0067]
Descr i jipé finsg widniben 03, kze ilusowicd adFignredv t Bhis pryhemek phidie irgrdlicnhaembarsof  t he
pi pe fixing nmenber and performthe liquid suctiqn operation appropriately,
with riflegoaisets thegnelmetipn givlhe mapet i ore BEgGre! ) S ﬁ“@t %ﬁ@%ﬂe PYE @6‘%’? giffati on
will be described,wi th.refer ' g i.gt | 8l,Jhe

li qui d°St ‘%%%m%b%FéFﬂgﬁﬁ g“%?%??%%2%@%%%%F%¥ﬁ2§fﬁg%#§ﬁ%ﬁ%?”g%%déwgce

confi | fkSnehing tORNIE b 0B bete arlibliRnl @MREHKE sifkdt eMbrovedies sicllddion 8502) . | f
no conduction is confirnmed therebetween or electric conduction is confirned
bet wee?s ¥the upper resilient nenbers 301, it is determ ned that the pipe
fixing ngnber 103 is inclined or is not at the reference position, thus the
pi pe a@lo Shrment unit is operated to correct the inclination of the pipe
fixing membgr. 105 bd pobiBled BRAUCE B SnCONhbNHeE e BB ¥R b | over
resilient neﬁgégénﬁﬁaeg%ﬁé d%te%?ed pressuré oﬂ t he piez%elegfﬁié el enent s
402 di spasdlagin dute dfalsepiperikirgnaembert 108. | dwerme esid, itensromBriseds! fose
continued (S504). If the pressure of the Ci)red_etern‘j ned value or reis

det ect maved i drseryaroamenh sy “hishtihe Resippmhand fhe mglpatep atate 65 thesPiph dRiiged,

t hus the pi adj ust.nent ~uni t i e co : el i of the .
i pe Ry TarphpS LGS na Rl viRaRP ERH Efhobile SRR TN MeafiEWRBMLOR T ¢
i's detgctedd id ﬁaviesdn%"t&%ﬂ? 8da uh@tbokhBr piepéntfrig)ioho froRMRerink Fdni Sudliet he

normal position (Figure 7A) (8505). _
30 as to realize high sensitivity of the detecting apparatus while preventing external light from

being stored in a detecting part such as a photo multiplier in the dark box. In the case of
incorporating the present invention into such an apparatus, the door of the dark box cannot be
opened every time the state of the pipe fixing member 103 is confirmed. In this apparatus, it
is impossible to visually check the position and the inclination state of the pipe fixing member
103 before a sample is placed in the dark box, the sample is sucked and discharged by using
the liquid suction device, and the faint light detection is completed. In the worst case, if the
inclination correcting effect cannot function because of a human error or the like, the only
sample may be lost. To cope with this problem, it was designed to monitor the position and
the inclination state of the pipe fixing member 103, surely bring the nozzle tip end 201 into

contact with the bottom surface of the container, correct the inclined pipe fixing member 103
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[ 0069] The liquid suction device selects the noving operation of the
arm 101 in the X-Y direction or in the Z direction (8506). If the arm 101
is noved in the X-Y axial plane direction (8507), the position and the
inclination of the pipe fixing nmenber 103 are confirmed again after the
novi ng operation of the-arm 101 is conpleted (8508). [0070] If the
nozzle tip end 201 is noved in the Z axial direction, the arm 101 is noved
dovnva . : esilis .

o 1 or g 30 PRl Mot BN BRIRSE MEERLRY PERe ALY TR ¢ 11
i s det gohedodzRBdlind A0 ahé/otldicdnrbmedrftiadf thdheormozal e tip end 201 is out of
contact with the bottom surface of the container 404, and the arm 101 is
conti nl#®d% o be noved downward. |f the upper resilient nenbers 301 are

ducted tg, ther . and.f he pipe fi xi mber . 103 i s deternined to b
2t the uppel RERFETGT T FiE ot G RovGe 1 oRa1 5 PG SEhBEISn o
det ect gd.,pel \gg@&e&t&glﬂh%%ig?ﬁ%h ROt MRARSS Sak 1 BOGiReEVRE MddhiRr UDPET

resilient ‘menbers 3 , the pressure on the piezoeleCtric el enents
402 i sTeOnguid sRAiof 85¥i39 incluklenthe phesisuwnéudtive dedleot edmbets 1il$, 3dtabomd meld t hat
the nozzle tip end 201 is in contact with the bottom surface of the

cont ai pdew4iba riprd fixipanmenbenil B fidxhegreprashiee radEnf NewReEY MFpHasEcTB514)

so that the downward nove of.the arm.101 is st ed. Thereaf.ter, the
aui de b Set ROV SIBIE 0% 4t (S biZe i &g 6 f P H o B e e
upvar d. Rtk 12804 40BN TRAL: Bled REaALML kAL risiicpehRelee (R516), & the

| iquid suction operation is conpleted (S518). The |iquid discharging

oper at ivhen rfheyresiBert angrhleds 014, 30h caccondancet withhhd pige fiixow @bmbeglUile i@, and

t he di scharge ogeration may. be carried out jnstead of the suction operation
in St efssibisabmempgy 11} contact Wity ghequpe FIXB BHEMHATS clieivalbr eVIYead dn ciHe
configurati of detectin Lt he,l i I t he
R AR S O S R ot O
the pipg fleXdlf01PRADAN @AUERRet Yichhvthlie comMEuGsd figink ay@hiser 03 theeobesr f aces
thereof as well as the configuration of detecting the inclination of the

pi pe finxiimg!, petbéthelywel mpbsitrgernbrs pi ¢ zostent wontcewshhst lowat cotdactigse
portions of_ the r ective resilient ers, by..describin e enbodi nent
D v ol ¢HBe Pl TROg i s St B CEY bRt HOR REHeERr H S5 6 Hnbor o.
respecti : fd [ , L.i,cabl g4t 0 the
R L R T U

nmenber Bwenlysibaneathbdrbebepirpe dohdicegl nerber sthel nhadgh tthonenduoeng layers
configuration of using the conductive resilient nenbers and the pige fixing

menber ety dpleeting thaincheatosrmd dea ninyficagersntss 1he lsarditeedhs Heredclignd t he
conf géﬁge@tg%tgcﬁp?,‘;%&'r FEProvidkd %g%b%%%%hg&%re&f‘%hee'feggcgg%é re%}zieE{‘xg,Fxglgér%[lggrt , ons

of the ers ‘m enp Separa 72]

It may3Pe HeRfHeaUREHiph TixdlNBYMbBO I T BdcobRE ildliGkd RAPEANLS tallRnOMeibesPi Pe
fixing menber, store nonitored data on a storage unit and record data

r egar dihegidzheettiiquiethessddR o 3afrercathivmesopdivpleifshethestoresiitdtyndmimm. st art to
finish, The nonitored data may be used as the certificate that a di spensing
oper at [%8% n a hunman bl ood exani nation has been perforned and conpl et ed

§h0I n a human bl ood exarination has been performed and com
o nat ;o HBBar b O RTER EGRLAPIAL Ledide G RE FRERL: | RISl ot on

enabl egritndRawsiibhe TR A KiYedd 00 19U cmcAbNALBRheSL @R aind 1006 1déadensi ng
operation if "any abnonnality is found in the nonitored data, so as to

pr eventt inypdri-dngossanphrelsthE por dhgondndst 18hds mewmutaet pibh tis: lospt acsdiveit .
[0073] members 114 by its own weight. The lower conducting layer 401 on the bottom face of the
pipe fixing member 103 is in contact with the resilient members 114, so that the resilient
members 114 are electrically connected.  Since the pipe fixing member 103 is not inclined,
N0 pressure greatl;;z exceeding the own weight (pressure at the predetermined value) of the pipe

fixing member 103 is applied to the piezoelectric elements 402 disposed at the base portions of
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Hereinafter, descriptions will be provided on the enbodi nent of detecting

m crobes by using the liquid suction device and the liquid suction

di scharge net hod. [0074] In both the cases with and wi thout the
liquid suction device of the present invention, the faint |umnous reaction
was caused in ATP (Adenosine triphosphate) nol ecul es derived from
Escherichia coli wth firefly luciferase and luciferin in a dark box so as

to det getrebiupitnesseneei4.ang b ebslet @ekbch lcufhRESE eNdeciad agdriveseadrs nt o
ATP amount as the Escherichia coli detection sensitivity, and the

conpar ilseriedbytthe pEgotiestiic Hilemons ¥l et det prdetsaniicd i valuey thdaSqwadactat ween
both the cases. .[0075 . JFigure 8 1s. a schematic diagram of an anal yzer
used iﬁeWﬁ%m%?E%%ﬁfm%hﬁdﬂyﬁgﬁﬁg%ﬁﬂgﬁﬁﬁt%m@Bﬁ?é?ﬁgwc%gwﬁﬁg'a bott om sur f ace
~of a ﬁfne filter can be installed in the liquid suction device. The

i qui d-suction device includes the suction unit 802, the waste fluid unit
803, the m EEERI7A isdi @S0y tof dMssaling thanths upplly tipBhd 280dorh@rin sb@rdtngiit he
m crobi al dissolution solution 805, the detection unit 806, the

| um negedntient eagend! theswnteoiar 49d.7arfdahe Sinsr fixige timben Hlp és perekupEddent 808

dth [ t ho, din the d box..809. T [ j id ti
dovi ce P PR REGEE R P R FHrE RPN BRI LB oo BP o O b e
out si dgeg{be¥shﬁe dar glegﬁga@gsor}dﬁc@a% LS o8l g‘}&oﬂ?féﬁﬁ?% higcdar gpeat%ea $QQ from

the in "ation o npl e cont al ner e conpletion of the

det ect pRpoMcrtid eefmantpdidpsadnaute baagbitns offt esifioat membasal If yhet@ iifrior m t he
position and the inclination state of the nozzle tip end 201 in the dark
box 806onduoldsind no presspxecih deticethi &y &si Hieapsiestrigsdemens. threlitveh sisHBMERECY ar get

m crobe. The Escheri.chi.a. coil were,suspended,in the phosphate . buffer of pH
7 4 CrdsigracT ey or Roreogel o Bvhaitan e GERpBIORRGR D1 St
Escher jghi a. ol M§ﬁ§ [ &kki density is 300 cells / 300 pt.
[0077]b&ﬂ&§vﬁ$ﬁgsgsc egﬁ%ﬁ?gwggﬁﬁnsuspension of 10 mL was added into the
respecfiose] menbrane filters in the sanple container 106, and the ATP

erasing solution of 10 ttL as_a bio O%H§§%Q§L§{%2$ﬁ§§ééggég-ﬁ%&%ﬁ%@gu i b
red by

S I

renoval realjewte, 7Ciadrawiag oatltusBaw th
Ki kkomgn Cor.por.at i , - f . C j 06 was
K o COLE o0 ol AP g AT ADS ARG, SEPLL TG O s
s a dE&)‘é‘fﬁQng)ﬁlein'béﬂJﬁGﬂ 2hiHg tfﬁch@?pik SRR 1B LPSArdohobdigerit.N Plut thid tap) ttheuni t
810. Thi's input output unit displays the position of the nozzle tip end and
t he i nplperfatinpmesbat K020k in kentpétpaith theiupgemisntbent membere 3P Han &t Wict Yppehe
oper ati on. procedur s illustrated in Figure 9. The step.nopi.toring display
005 i SPpLDERETEgpF Sre R BFOPHE SR G U acTE ARGy gying et

103 is not inclined, no pressing force 1s applied to the piezoelectric elements 403 disposed at

the base portions of the resilient members 301. If such an electrical conduction 1s made

between the upper resilient members 301 and no pressure is detected by the piezoelectric

elements, the liquid suction device determines that the pipe fixing member 103 is not inclined,

the nozzle tip end 201 is in contact with the bottom surface of the container, and the pipe

fixing member 103 reaches the upper limit of the upward movement.

[0063]

Figure 7D is a drawing of illustrating that the pipe fixing member 103 becomes
inclined to push part of the lower resilient members 114, and the resilient members 114 push
back the pipe fixing member 103, but the inclining force is greater than the pushing back force,

so that the inclination correcting effect is disable. The pipe fixing member 103 is in contact

with only the resilient members 114 on the inclination side. At this fime, no electrical
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The Escherichia coli suspension and the ATP erasing solution were filtered
t hrough the nmenbrane filter 110 by using the suction unit 802. After the
filtering, the nozzle tip end 201 sucked the ATP extract of 300 4, which
was attached to the Lucifell HS Set as the mcrobial dissolution solution
805, fromthe mcrobial dissolution solution supply unit 804, and

di scharged this ATP extract onto the nenbrane filter 110, so as to extract
t he ATE Hmbesul esdé hametheckeghen nthitarciali . STke tiogipt Exingpnentdr 201 iswas
moved downward to cone in contact with the menbrane filter 110, so as to
suck t helimide prstyived muéls gehigr Hen thopuk wsreb ehtiemént brng membsnbanerplisdt er 110
into the pipe 102, d dischar.ged the._suycked m cropial dissolution solution
hto t HeF R Satn CETEBlg, Ci8ged Fle dasRHEEs Bhihet R 1908 treedt t ached
to the L.f el i 41 agent; i aﬁpg i;sposed
on t hemgglt%g{:stq il%'n F%rrll?fe R%B%éa\lm%}ﬁmtk I#en ﬁ%ﬁg@ﬁg%ﬁend %%%ﬁl%ﬁ&}égérﬁ act av{np(%éﬁ t he
bot t omigysiéaciecat clhRnisuiRnRsCengessteay et preéseminid vaQTor :Borcactiyeidbot t om
surface of the |um nescence reagent reservoir 807 was nearest to the

det ect suption ditic@dsrmanms tbatstbhaesaieﬁgrmeméerg Ué fteennsit dysiond andi tBe pipatixew

sol ution 80ﬁ%at.t IS, position enables the nost efficient detection of the
gener atEBOPLHHREE by the detection unit 806. In the case of

dischaq@i t he sucked m crobial dissolution solution with the nozzle tip
end 201 o of contact with the bottom surface, the detection sensitivity
was decr eas@gure [/8Q79Urawing of Maswtemgniidéd afofieng nrentthe 1 @Aseonts issling t he

| i quid suction device of the present invention, it is possible_to nonitor
the poti pusbrpasd ththappasoksihenti roembyrasal.ondtthe uppgacslisitipeAeibal! POd on t he

i nput putput unit 810 at an i,nme. The jnput. unit 810.iS a.touc nel

di spl aﬁ?‘;‘(ﬁg? VR ST Wm?ﬁ% B {jmﬁféﬁ}%%‘? e’iﬁé&%‘é% st ﬁ%c?ufﬁ% . the
i ncl i ngt HapgRfindiRidH RerekbliXd BFedtedTaRibd 03r1eSpigehi gk 86krhbr 110€ id RGohRat | on
determ nation steps, S502, S504, 8513, and the detected result is

conf i f tvitadnbytht ygped isplleaymembtis&Opiopehd aypbsiteatidenin thd imclinagdiosplday 60®Risi n t he
i nput output unit 810. If it is de%ernined t hat th%ﬁﬁkpeﬂgixhgg tber 103
i s inchmied? d#&wherpIwUAY edPHle BHWEHE tsi FeilicRL M oAVhl YR ay 602
i s changed, for, e cAhn [ ity | 0ssi bl ' t the
il 1 arrane eoMeCHRIIE, Wl bR AR Emplin | aRGREL Krnt BB on

t he pi pemadisustMertndibietiri8@lcdmiuihe Bipatadidusi iRt oflthetupPpe pakdclotnit ep
8503 through the pipe-adjustnent-unit in operation display 603 of the input
out put elemients 8¢O¢ts gredt pibssare, threliqid pusden devicyd detyrmingsdlont persspibend megnkesnf | ux)
that th ipe fixin nber i.s. | ocated.at. the. normal position in the norna
positiéﬁig%ﬁ@?é*ﬂ%@%%aﬁgﬂﬂBegéﬁgr???%ﬂéﬁiFﬁgggFge-fixingnenber at norna
positiﬁﬂxg%splay 604 of the input output unit 810. [0080] It is
possi ble confirmthat the nozzle tip end 201 cones in contact with the
menbr ane fiint@e ckbodinidnhoiFigihe 7ianel Figate i afminhen pirpes fwete nepdnfonitier 103
in the containerbottom surface contact deteim nation step 8514 through the

cont ai restlicsbremhersantadeningme bin bes weepsed fade emndpsiang lapae 46Lt gdeteluni ¢
810, and.the |um nescence resylted fromthe int | um.nan i can be
obser vEHCH GUATPRETS ATRESILMed Rofer bhi et APt oy LDR B SmaaF Rbl & G Do
uni t 810, i N8k G 465 2d Mgy RASMUNLRABNEoRBkTe DUt ton 607 and the step
nmoni toring display 608 for |n¥orn1ng the current step. Meanwhile, in the
case wW{@dseut the liquid suction device of the present invention, only

| um nous reaction spectra were acquired. [0081] Based on . the result from
ten trials, ntthe expegigients fhegrgailigpigaeraberahig oy fuigtiomang et iy PEMoEon was

L35 270 AT e SRR S Sol i BRI 0y o

ATP, a € Tesu case W thout “enpl oyi ng

the presentul RN HORMBRIR: e TRuRRe ERGNBFdeCht BeCobilied @hémSss

average, along wth SD 0.34 anmol ATP, C. V. 35.4% therefore, in the case of
t he presehtd fromehititenpipt engtly betagen thalpies, &R anchber VO3 wet e gldnpiwepriaved.

0082 : .
[ ] long or too short, and an appropriate length thereof could not be maintain.  To cope with this

problem, there was provided the pipe adjustment unit 801 for adjusting the pipe length, as
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In the case w thout enploying the present invention, no | um nescence was
detected in sone cases. Every tine no | um nescence was detected, the dark
box was opened for inspection of the inside of the device, and as
illustrated in Figure 11A, it was found that the length of the pipe 102 was
too short when the arm 101 noved downward, so that the pipe fixing nmenber
103 becane inclined and the rails 112 on the rail base ill _were caught by

the t hlosigtiechiol Bgwe1®, §huripe piupent enit Rl Bie dopased|bsbvase cgaPF AkMened and

could not ;s t dr opl 2 on_t he nmenbr.an ilter 11 I SO

f ound ’F‘ﬁ@??ru@g %“pl%iﬁ%?‘frg}? g(ﬁﬁl %ip&ﬁragj%fggﬁtuﬁlé%&{ Bléﬁ%e%%ﬁogorﬁ%%%%%i becane
inclin d a?c?b}rﬁlﬁhé‘%t TTRNE ANBES GabibY lerdhdii8eN 0 2]k idjBsueBsl BRdsmi er ced
the ne ?gge Ilter 11%’30 ?ﬁat J%@hgaé%le drop?et égleést; or as

i |1 ustamtiae pipe fRigumembdG 03thyeopiipe this xitogtheerbyerrri@Rigwhs inabtatan of e
reference position, so that the nozzle tip end 201 could ngt come in

cont acpipevfixingt memieropidet Erep ifghe pine hreameamslingd atdhe gpgle RALS e BBt was

suckedy APLCHTESULLEN L0 50 OGSk o oL ILISSRNGR o LRl e e | 11

suck tpg.froplet on the membrane filter, and inproved the m crobe detection
sensitivity. Reference Signs List [0084] 101 Arm 102 Pipe 103 Pipe fixing
menber [0064 Punp 105 Controller 106 to 108 Sanple containers

Descriptions will now be provided on how to correct the inclination of the pipe fixing
member and perform the liquid suction operation appropriately, with reference to the flow
chart of Figure 9. The apparatus configuration will be described with reference to Figure 7
and Figure 8.

[0068]

The liquid suction operation is started (S501). The liquid suction device confirms the
conduction betﬁveen the lower resilient members 114 (S502). If no conduction is confirmed
therebetween or electric conduction is confirmed between the upper resilient members 301, it
is determined that the pipe fixing member 103 is inclined or is not at the reference position,
thus the pipe adjustment unit is operated to correct the inclination of the pipe fixing member
103 (S503). If the conduction is confirmed between the lower resilient members 114, the
detected pressure on the piezoelectric elements 402 disposed at the base portions of the lower
resilient members is confirmed (8504).  If the pressure of the predetermined value or more is
detected, it is determined that the pipe fixing member 103 is inclined, thus the pipe adjustment
unit is operated to correct the inclination of the pipe fixing member 103,  If no pressure of the
predetermined value or more is detected, it is determined that the pipe fixing member 103 is at
the normal position (Figure 7A) (S505).

00691

The liguid suction device selects the moving operation of the arm 101 in the X-Y
direction or in the Z direction (S506). If the arm 101 is moved in the X-Y axial plane
direction (S507), the position and the inclination of the pipe fixing member 103 are confirmed

again after the moving operation of the arm 101 is completed (S508).
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109 Sanpl e container stand 110 Menbrane filter 111Rail base 112 Rails 113
Through hole 114 Resilient nenber 121 Upper rail base 201 Nozzle tip end
202 Droplet 301 Resilient menber 401 Conducting body

[0070]

If the nozzle tip end 201 is moved in the Z axial direction, the arm 101 is moved
downward {$509), and the conduction between the resilient members is monitored (S510). If
the conduction between the lower resilient members 114 is detected (S511), it 1s determined
that the nozzle tip end 201 is out of contact with the bottom surface of the container 404, and
the arm 101 is continued to be moved downward. If the upper resilient members 301 are
conducted to each other, and the pipe fixing member 103 is determined to be at the upper limit
of the upward movement ($512), or if no conduction is detected between the lower resilient
members 114 and between the upper resilient members 301 (8510), the pressure on the
piezoelectric elements 402 is confirmed (S513). If no pressure is detected, it is determined
that the nozzle tip end 201 is in contact with the bottom surface of the container 404 and then
the pipe fixing member 103 is moved upward (S514), so that the downward movement of the
arm 101 is stopped. Thereafter, the liquid is sucked from the nozzle tip end 201 (S515), the
arm 101 is moved upward (S516), and the movement of the arm 101 is selected (S517) or the
liguid suction operation is completed (S518). The liquid discharging operation may be
carried out in accordance with the flow of Figure 9, and the discharge operation may be
carried out instead of the suction operation in Step S515.

(0071}

The descriptions have been provided on the configuration of detecting the position and
the inclination state of the pipe fixing member by using the electric conductive resilient
members and the pipe fixing member equipped with the conducting layers on the surfaces
thereof as well as the configuration of detecting the inclination of the pipe fixing member by
disposing the piezoeleciric elements at the base portions of the respective resilient members,
by describing the embodiment providing the resilient members above and beneath the pipe
fixing members, respectively. These configurations, however, may also be applicable to the
embodiment with reference to Figure 1 to Figure 5 using the resilient members only beneath
the pipe fixing members. In addition, the configuration of using the conductive resilient
members and the pipe fixing member equipped with the conducting layers on the surfaces
thereof and the configuration of disposing the piezoelectric elements at the base portions of the

respective resilient members may be employed separately.
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402 Pi ezoelectric el enent 403 Piezoelectric el ement 404 Container bottom
surface 601 Input unit 602 Pipe inclination alert display 603

Pi pe-adj ustnent-unit in operation display 604 Pipe-fixing-nmenber at normal
position display 605 Contai ner-bottomsurface in contact display 606

| um nescence nonitoring display 607 Measurenent start button 608 Step

noni to[roio%qj di spl ay

It may be configured to always monitor the inclination state of the pipe fixing member,
store monitored data on a storage unit and record data regarding the liquid suction operation
accomplished normally from start to finish. The monitored data may be used as the
certificate that a dispensing operation in a human blood examination has been performed and
completed appropriately in the case of incorporating the present invention in an examination
apparatus in the medical field, for example. This configuration enables it possible to quickly
find out an abnormal step in the dispensing operation if any abnormality is found in the
monitored data, so as to prevent important samples from being lost and secure parts
replacement.

[0073] -

Hereinafter, descriptions will be provided on the embodiment of detecting microbes by
using the liquid suction device and the liquid suction discharge method.
[6074]

In both the cases with and without the liquid suction device of the present invention,
the faint luminous reaction was caused in ATP (Adenosine triphosphate) molecules derived
from Escherichia coli with firefly luciferase and luciferin in a dark box so as to detect
luminescence, and the detected luminescence was converted into ATP amount as the
Escherichia coli detection sensitivity, and the comparison of the Escherichia coli detection
sensitivity was made between both the cases.

[0075]

Figure 8 is a schematic diagram of an analyzer used in the present embodiment. A
sample container having a bottom surface of a membrane filter can be installed in the liquid
suction device. The liquid suction device includes the suction unit 802, the waste fluid unit
803, the microbial dissolution solution supply unit 804 for storing the microbial dissolution
solution 805, the detection unit 806, the luminescence reagent reservoir 807 for storing the
luminescence reagent 808 and these components are housed in the dark box 809. The liquid
suction device is operated through the input output unit 810 provided on the outside of the
dark box 809. A measurer cannot open the dark box 809 from the installation of the sample

container 106 until the completion of the detection of the faint luminous reaction, and cannot

26



Claims 1. A liquid suction device conprising: an armnovable in a
t hree-di nensional direction; plural rails disposed parallel to each other
so as to extend upward fromthe arm a punp; a pipe having atip end
for functioning as a nozzle and having a rear end connected to the punp;

a pipe fixing menber to which the tip end of the pipe is fixed,

havi ng

plural through holes for inserting the plural rails therethrough, and
novabl @siiaglly atihiren the pbiidoanmd tleomginttve gtephithenmiztls fipand 201 in the ghulybak
resilient nmenbers fixed to the ama so as to be di sposed between the arm and
the pi P& fixing menber. 2. The liquid suction device according to claim 1,

wher ei

the liquid suction device further conprises a upper rai
fixed @Wg@ upp P

er ends of the plural rails, and

Escherichia coli were used as the measurement target microbe. The Escherichia coli

were suspended in the phosphate buffer of pH 7.4 (manufactured by Invitrogen Corporation)

50 as to prepare the Escherichia coli suspension whose cell density is 300 cells / 300 plL.

[0077]

The Escherichia coli suspension of 10 mL was added into the respective membrane

filters in the sample container 106, and the ATP erasing solution of 10 pL as a biological-

material-excluding-microbe removal reagent, which was attached to the Lucifell HS Set

(manufactured by Kikkoman Corporation), was further added, and the sample container 106

was housed in the dark box 809, and then the dark box 809 was closed. Figure 10 is a

drawing of illustrating the display screen of the input output unit 810.  This input output unit

displays the position of the nozzle tip end and the inclination state of the pipe fixing member

in accordance with the operation procedure as illustrated in Figure 9. The step monitoring

display 608 displays the current step of the nozzle operation.
[6O78)]

The Escherichia coli suspension and the ATP erasing solution were filtered through the

membrane filter 110 by using the suction unit 802.  After the filtering, the nozzle tip end 201

sucked the ATP extract of 300 uL, which was attached to the Lucifell HS Set as the microbial

dissolution solution 805, from the microbial dissolution solution supply unit 804, and

discharged this ATP extract onto the membrane filter 110, so as to extract the ATP molecules

from the Escherichia coli. The nozzle tip end 201 was moved downward to come in contact

with the membrane filter 110, so as to suck the microbial dissolution solution remained on the

membrane filter 110 into the pipe 102, and discharged the sucked microbial dissolution

solution into the luminescence reagent 808 (luminescence reagent of 200 ulL, attached to the

Lucifell HS Set) in the luminescence reagent reservoir 807 disposed on the detection unit 806

with the nozzle tip end 201 in contact with the bottom surface of the luminescence reagent

reservoir 807. Since the bottom surface of the luminescence reagent reservoir 807 was

nearest to the detection unit 806, and discharging the sucked microbial dissolution solution
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the plural resilient nenbers are fixed to the upper rail base so as to be
di sposed between the upper rail base and the pipe fixing nenber. 3. The

| i quid suction device according to claim1l or claim2, wherein the
resilient nmenbers are springs, rubber, sponge or nagnets, and if the
resilient menbers are magnets, a portion of the pipe fixing nmenber opposing
the resilient nenbers includes magnets with a sane pole as that of the

magnet gy tPuF oglﬁéﬂ LB (RERRer @fﬁcém Jéi'&:ubh%'ﬂ% %Gﬁatéarluﬁ%ié'scge%c@%@fedl ng to
claiml or c erein the rails are three or nore, and the resilient

nenberSmaﬁﬁn@m3m06edmahe@mmaﬁtmmﬁﬁgagtpmhygemnﬂebbmbdgﬁ&ﬂmmnmhmbnwgmthe
plural rails. 5. The liquid suction device according to claiml or claim 2,
wher ei ﬁle nozzie tiprrndt 308 ‘@gd?fcﬁonlﬁﬁfewﬁh&e Patosn SHgHe. it didRr ABHPHYE bot t om
surfac contalner so as to suck liquid in the container. 6. The liquid
suct i of® e according to claim1 or claim?2, wherein

0079]

As described above, in the case of using the liquid suction device of the present
invention, it is possible to monitor the position and the inclination state of the pipe fixing
member 103 on the input output umit 810 at any time. The input unit 810 is a touch panet
display. For example, if the pipe fixing member 103 becomes inclined, the inclination of the
pipe fixing member 103 is detected in the inclination determination steps, S502, 5304, 8513,
and the detected result is confirmed by the display on the pipe inclination alert display 602 in
the input output unit 810. If it is determined that the pipe fixing member 103 is inclined, the
background color of the pipe inclination alert display 602 is changed, for example. In this
case, it is possible to confirm that the inclination correction is being performed by adjusting
the pipe length on the pipe adjustment unit 801 in the pipe-adjustment-unit operation step
S503 through the pipe-adjustment-unit in operation display 603 of the input output unit 810,
and after the correction, it is also possible to confirm that the pipe fixing member 1s located at
the normal position in the normal position determination step S506 through the pipe-fixing-
member at normal position display 604 of the input output unit 810.

[6080]

It is possible to confirm that the nozzle tip end 201 comes in contact with the
membrane filter 110 without the inclination of the pipe fixing member 103 in the container-
hottom-surface contact determination step S514 through the container-bottom-surface in
contact display 605 of the input output unit 810, and the luminescence resulted from the faint
luminance reaction can be observed through the luminescence monitoring display 606. The
input output unit 810 further includes the measurement start button 607 and the step
monitoring display 608 for informing the current step. Meanwhile, in the case without the
liquid suction device of the present invention, only luminous reaction spectra were acquired.
[0081]

Based on the result from ten trials, the result in the case of employing the present
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the resilient menbers are conductive, the pipe fixing nenber has an
conducting |ayer on a surface thereof, and a position and an
inclination of the pipe fixing nenber are determ ned based on a conduction
state between the resilient nmenbers. 7. The liquid suction device according
toclaim1 or claim2, wherein the liquid suction device further
conpri ses piezoelectric elenents di sposed at base portions of the

respective.resjili r -1 ; i i i ; t i
Fixt ngrieise ool SLbaThATE Gt B806rge coi 801 bASV AR, oRgSll Spdlor P! pe
pi ezoehept ki Lol ement $o the cdiifury,i BelirebuB Ustho Badevitiort asplrytiignge tpoesedtai m 6
or.cla|n17, wherei n the liquid suction device further conprises a pipe
gq j ust hméragicimm/as @.?r’f:] hud] A@P?a_er bsderighingnt cvwc] pohvetage, plqpe Wish g&ﬂﬁﬁ Hnel
i spose et ween e pipe fixin er and.the .pu an i
ol | nad PO Y T QOITE ri it CUUARE B Seha B P sfotabis, SPLer”
det ect q[ t he ?hgln?giustnent unit adjusts a length of the pipe between the

pi pe a ju§¥%%%% and the pipe fixing nmenber by rotating the rotor. 9.

The |iguakd) suction device according to claiml, wherein the resilient
menbers are conductive, and the pipe fixing menber has a conducting |ayer
on a surf ade thdherseofithout employing the present invention, no luminescence was detected in
some cases. Bvery time no luminescence was detected, the dark box was opened for
inspection of the inside of the device, and as illustrated in Figure 11A, it was found that the
length of the pipe 102 was too short when the arm 101 moved downward, so that the pipe
fixing member 103 became inclined and the rails 112 on the rail base 111 were caught by the
through holes 113, thus the nozzle tip end 201 also became inclined and could not suck the
droplet 202 on the membrane filter 110. It was also found that, as illustrated in Figure 11B,
the pipe fixing member 103 became inclined and could not move vertically, and the nozzle tip
end 201 pierced the membrane filter 110 so that the sample droplet was lost; or as illustrated in
Figure 11C, the pipe fixing member 103 was not at the reference position, so that the nozzle
tip end 201 could not come in contact with the droplet 202 on the membrane filter so that no
droplet was sucked, which resulted in no detection of luminescence.
[0083]

In the case of employing the present invention, it was possible to efficiently suck the

droplet on the membrane filter, and improved the microbe detection sensitivity.

Reference Signs List
[0084]

101 Am

102 Pipe

103  Pipe fixing member
104  Pump

105 Controller

106 to 108 Sample containers



and the liquid suction device conprises a pipe adjustnent unit

di sposed between the pipe fixing nenber and the punp, and having a rotor
around which the pipe is wound so as to adjust a |ength of the pipe between
the pi pe fixing nmenber and the pipe adjustnment unit by rotating the rotor,
confirnms conduction between the resilient menbers through the conducting

| ayer of the pipe fixing menber before the armis noved, and determ nes
that t pi i Xi er is located at a normal position if the
conducpﬁ%nSgép%éég%?%ggﬁgr determ nes that the pipe fixing nmenber is

| ocat edi @t nadm@bnoripml position if no conduction is detected,

corrects the pipe fixing nenber into the normal position by adjusting the

| engt h1bf g bpiepe by using the pipe adjustnent unit if the pipe fixing
menber |is |ocated at the abnormal position, noves the armin a target
directibh &¥ nonitors the conduction between the resilient members all the
time duyin enent of the al in if the pipe fixing nenber is |ocated
at they%%rﬁ%$ﬂ%%g?¥ion, deternmines that a tip end of the pipe cones

i n contact Rilibntanddgdet om surface of a container if no conduction between
the resilient nenbers is detected while the armis being noved in a height
di rectioh fppstmwjpbbdee novenent of the arm and sucks liquid in the
contaipner fromthe tip end of the pipe. 10. The liquid suction device

accor dt'hy ©9ZEEEPRFIS, wherein the resilient menbers are conductive,

t he pi@&zf&%£ﬁg:nenber has a conducting | ayer on a surface thereof,

301 Resilient member
401 Conducting body
402 Piezoelectric element
403 Piezoelectric element
404  Container bottom surface
601  Input unit
602 Pipe inclination alert display
603 Pipe-adjustment-unit in operation display
604 Pipe-fixing-member at normal position display
605 Container-bottom-surface in contact display
606 luminescence monitoring display
607 Measurement start button

608  Step monitorin'g display
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and the liquid suction device conprises a pipe adjustnent unit

bet ween the pipe fixing nmenber and the punp, and having a rotor around
which the pipe is wound so as to adjust a length of the pipe between the
pi pe fixing menber and the pipe adjustnent unit by rotating the rotor,
determ nes that the pipe fixing nenber is |ocated at a normal position if
the resilient nenbers fixed to the armare conducted to each ot her through
t he conducting | ayer, and deternineémFggt the pipe fixing nmenber is at an
upper limt of a vertical novenent “along the rail if the resilient nmenbers
fixed to the upper rail base are conducted to each other through the
conducting layer. 11. The liquid suction device according to claim 10,
wher ei i. A liguldi syutich dwyaeicompdeug.ce detel m nes that the pipe fixing
menber is inclined if the conduction is nade between the resilient nenbers
fixed to thed HPAYPY R FEsidPERiorabiBEe™f i xed to the upper rail base,

and adj ust s, .the | engt f e .pi i i j.ust ment unit
so as to CO&#%@pﬂ%ﬁgpp%%ﬁ%ﬁ%gf%ﬁﬁg}0@1€§B$%%9§%§?Udaﬁgﬁ%gﬁéé . The liquid
suction dev&5@n§§cording to any one of claim9 to claim11l, wherein

a pipe having a tip end for functioning as a nozzle and having a rear end connected to
the pump;

a pipe fixing member to which the tip end of the pipe is fixed, having plural through
holes for inserting the plural rails therethrough, and movable relative to the arm along the
plural rails; and

plural resilient members fixed to the arm so as to be disposed between the arm and the

pipe fixing member.

2. The liquid suction device according to claim 1, wherein
the liquid suction device further comprises a upper rail base fixed onto upper ends of
the plural rails,
and
“the plural resilient members are fixed to the upper rail base so as to be disposed

between the upper rail base and the pipe fixing member.

3. The liquid suction device according to claim 1 or claim 2, wherein

the resilient members are springs, rubber, sponge or magnets,

and

if the resilient members are magnets, a portion of the pipe fixing member opposing the
resilient members includes magnets with a same pole as that of the magnets of the resilient

members.

4, The liquid suction device according to claim 1 or claim 2, wherein

the rails are three or more, and the resilient members are disposed on or outside a
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the liquid suction device nonitors an inclination state of the pipe fixing
menber all the tinme, stores nonitored data in the recording unit, and
records data regarding a Liquid suction operation nornmally acconplished
fromstart to finish. 13. The liquid suction device according to any one of
claim9 to claim12, wherein the liquid suction device conprises: a reagent
reservoir for storing a mcrobial dissolution solution; a sanple container

equippggygh{mf@e@ggb@@ﬁeﬁﬁg%Egnwﬁ&mﬁ,botton1portion t hereof; a suction unit
for sucking liquid in the sanple container through the nenbrane filter; a

reagent container for storing |lum nescence reagent; and a detection unit

for detecting. Lum.nescence, and the, liquid.suyctjon. device supplies a
sanpl e” clartlbUH WM e508escst KBH%CQHﬂﬁﬂECgHﬁ al'feF! filters the sanple

t hrough th ) ne.filk I i i . th
i cr obes. ot BB CHE b pS pRUpHIh A% e SUFh bRt GRAShARERRI R 1 he
soIutiQ@uU@ﬁ@ﬂgiﬁg@ggﬁ@hkgservoir fromthe tip end of the pipe, and

di scharges the sucked m crobial dissolution solution onto the nmenbrane
filter, and
6. The liquid suction device according to claim 1 or claim 2, wherein
the resilient members are conductive,
the pipe fixing member has an conducting layer on a surface thereof, and

a position and an inclination of the pipe fixing member are determined based on a

conduction state between the resilient members,

7. The liquid suction device according to claim 1 or claim 2, wherein

the liquid suction device further comprises piezoelectric elements disposed at base
portions of the respective resiiient. members, and

an inclination state of the pipe fixing member is determined based on pressures

detected by the piezoelectric elements.

8. The liguid suction device according to claim 6 or claim 7, wherein

the liquid suction device further comprises a pipe adjustment unit including a rotor
around which the pipe is wound and disposed between the pipe fixing member and the pump,

and

if an inclination at a predetermined amount of the pipe fixing member is detected, the
pipe adjustment unit adjusts a length of the pipe between the pipe adjustment unit and the pipe

fixing member by rotating the rotor.

9. The liquid suction device according to claim 1, wherein
the resilient members are conductive, and the pipe fixing member has a conducting
layer on a surface thereof,

and
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brings the tip end of the pipe into contact with the nmenbrane filter so as
to suck the mcrobial dissolution solution again, di scharges the
sucked m crobial dissolution solution into |um nescence reagent in the

| um nescence reagent container, and detects generated |um nescence on the
detection unit

the liquid suction device

comprises a pipe adjustment unit disposed between the pipe fixing member and the
pump, and having a rotor around which the pipe is wound so as to adjust a length of the pipe
between the pipe fixing member and the pipe adjustment unit by rotating the rotor,

confirms conduction between the resilient members through the conducting layer of the
pipe fixing member before the arm is moved, and determines that the pipe fixing member is
located at a normal position if the conduction is detected, or determines that the pipe fixing
member is located at an abnormal position if no conduction is detected,

corrects the pipe fixing member into the normal position by adjusting the length of the
pipe by using the pipe adjustment unit if the pipe fixing member is located at the abnormal
position,

moves the arm in a target direction and monitors the conduction between the resilient
members all the time during the movement of the arm if the pipe fixing member is located at
the normal position,

determines that a tip end of the pipe comes in contact with a bottom surface of a
container if no conduction between the resilient members is detected while the arm is being
moved in a height direction to stop the movement of the arm, and

sucks liquid in the container from the tip end of the pipe.

10. The liquid suction device according to claim 2, wherein

the resilient members are conductive, the pipe fixing member has a conducting layer on
a surface thereof,

and

the .quuid suction device

comprises a pipe adjustment unit between the pipe fixing member and the pump, and
having a rotor around which the pipe is wound so as to adjust a length of the pipe between the
pipe fixing member and the pipe adjusiment unit by rotating the rotor,

determines that the pipe fixing member is located at a normal position if the resilient
members fixed to the arm are conducted to each other through the conducting layer, and

determines that the pipe fixing member is at an upper limit of a vertical movement



along the rail if the resilient members fixed to the upper rail base are conducted to each other

through the conducting layer.

11. The liquid suction device according to claim 10, wherein

the liquid suction device

determines that the pipe fixing member is inchined if the conduction is made between
the resilient members fixed to the arm and the resilient members fixed to the upper rail base,
and

adjusts the length of the pipe by using the pipe adjustment unit so as to correct the

inclination of the pipe fixing member.

12. The liquid suction device according to any one of claim 9 to claim 11, wherein
the liquid suction device monitors an inclination state of the pipe fixing member all the
time, stores monitored data in the recording unit, and records data regarding a liquid suction

operation normally accomplished from start to finish.

13. The liquid suction device according to any one of claim 9 to claim 12, wherein
the liquid suction device comprises:
areagent reservolr for storing a microbial dissolution solution;
‘a sample container equipped with a membrane filter at a bottom portion thereof;
a suction unit for sucking liquid in the sample container through the membrane filter;
a reagent container for storing luminescence reagent; and
a detection unit for detecting luminescence,
and
the liquid suction device
supplies a sample containing microbes in the sample container, filters the sample
through the membrane filter by using the suction unit so as to capture the microbes on the
membrane filter,
sucks the microbial dissolution solution in the reagent reservoir from the tip end of the

pipe, and discharges the sucked microbial dissolution solution onto the membrane filter, and
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brings the tip end of the pipe into contact with the membrane filter so as to suck the microbiel
dissolution solution again,

discharges the sucked microbial dissolution solution into luminescence reagent in the
fuminescence reagent container, and

detects generated luminescence on the detection unit.



