- 1 _ SYRINGE PUW DESGRI PTION TECHNI CAL FI ELD The
present invention relates to a syringe punp that
injects a chem cal solution filled in a syringe,
continuously at a preset flqQw rate. BACKGROUND ART
Conventional ly, a syringe purp having storage neans,
control neans, and plunger pressing neans has been
known (for exanple, see Japanese Patent Lai d-Qpen No.
2000- 316971). Usual | y,SYRINGE RBYMP age neans of the
above-descri bed syringe punp are stored predeterm ned
data including the capacity of syringe commercially
avai l able at the tinme when the syringe punp is
manuf actured, and the tP§§€R13ﬂ§£§nce of a pl unger
fromthe maxinum scal e position of syringe to the
aﬁgﬁchgﬁdFIEBQition (m ni mum scal e position) of
syringe. Such a _syrin IS operated, for_ex l e, as
descr PR PLBEeRh, TRYFRELOR BETRERS  bp R BYFLOgRCPuMD that
MR [ I, U ecd i The i
1885cHIa BhefeaTifo10f 808 Haydin 306k thoe  Worleildous1y

data breesetheisiorage.means. The plunger inserted in
the syringe I1s pressed and noved in the axia

direction by using the plunger pressing neans to
inject a chemcal solution within the syringe while
BRAEKGROUYDr ART

Conventionally, a syringe pump having storage means,
control means, and plunger pressing means has been known (for
example, see Japanese Patent Laid-Open No. 2000-316971).
Usually, in the storage means of the above-described syringe
pump are stored predetermined data including the capacity of
syringe commercially available at the time when the syringe
pump is manufactured, and the travél distance of a plunger
from the maximum scale position of syringe to the distal end
position (minimum scale position) of syringe.

Such a syringe is operated, for example, as described
below. First, the operator inputs the capacity of syringe
from an input section. The input capacity is used to select
. the corresponding syringe data from the storage means. The
plunger inserted in the syringe is pressed and moved in the
axial direction by using the plunger pressing means to inject
a chemical solution within the syringe while the plunger

pressing means is controlled by the control means based on



pressing neans is controlled by the control neans

based on - 2 the selected syringe data so that the

chem cal solutionis injected fromthe syringe at a
preset flow rate. However, in the conventional syringe
punp, the syringe data stGrédTin the storage neans of
syringe punp is limted to syringes comercially
avai l able at the tinme when the syringe punp is
rtheusedected. syirdngbodatat e thatethe oclaembgal ngelution is
punp has a di sadvant age of being i ncapabl e of being
dodecited fxomyrthegsyriage atsa prnessty Llfawrateat tine

or a syringe with a dinension changed by design
changHOUPVFEHDH%I‘F% conyeniiepad: syaiage PampastheAyringe
made in view of the above background, and accordingly

98 tan FEeFeniR cbhe St ATRGH FHANS o SYFiAGE BUWB b Liiited
bt oty ﬁgﬁfrﬂarﬁiﬁi#x%eeﬁ% y%ssﬁw when be pringe
EB i e EbEshEea C fensotdy e SRrlf¥p ALGRel syringe
B Rs PR d iyl ?“f”g??“éyﬂ SfaploVeBdifly deda for
af sPreRgaitdat 18044tHd aRwhly Afet rﬁ[@& RimR! $PFEEyringe with

pressi ng neans for pressing and noving a plunger
langiafien@ ioh dhangwd bye deelidgnby:-Haieyd @i deghodeditnigon,

in the axial direction to inject the chem cal solution

i n t htheypresent davientli onchas Yern aade dhlviww bifethe above
pl unger

background, and accordingly an object thereof is to provide
a syringe pump which can be used for a syringe that is sold
newly or a syringe with a dimension changed by design change

or remodeling.

DISCLOSURE OF THE INVENTION

The present invention provides a syringe pump comprising
a holding portion for holding a syringe provided with a scale
in its peripheral wall for checking the amount of a chemical
solution filled therein, plunger pressing means for pressing
andmoving aplunger inserted in the syringe held by the holding
portion, in the axial direction to inject the chemical solution
in the syringe, control means for controlling the plunger
pressing means so that the plunger pressing means presses the
plunger continuously at a predetermined speed, travel amount
detectingmeans for detecting the travel amount of the plunger,

distal end detecting means for detecting the fact that the



pressing nmeans so that the plunger pressing neans
presses the plunger continuously at a predeterm ned

speed, travel anount detecting neans for detecting

the travel anount of the plunger, distal end

detecti ng neans for detectrnﬁ the fact that the 3

pl unger has noved to the distal end of syringe,

di stance neasuring nmeans for neasuring the travel
gilahgecchak moeedpitonghe dilsitlall kadlicH alyrdmdie, distance
detecting neans detects the fact that the plunger has

measurtiogt meagiss far sedsuirinige ther itrpyelbydisthaiogy athehe
pl unger pressing nmeans to nove the plunger, the
dilyngercppit bt the dhstalend detersingineams dedlegcts the fact
osition of the syringe, to the distal end of the

g?ﬁltnﬁbfa PhpRgereds meugthfice the Adskad aApdt e the syringe
apacitX of ﬁ¥rigae, and stotage neans. capabl e of

§?0FPH§ PHctPPaDEHNYPE BREES HRY JReRRE t g e Rlunger,

' ' d.th [
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8 0 SVENAG o, EREMEL S, SO 6 S Bkl Ehiblheans

E_QSaB']Jénﬁein?{ﬁgﬁihB TP PASEEs T il [ 4RY horage means

di Stance of e plunger and the capacity of the

Shbahde ofC5ebdiNg tRe! HPavODVE:slestceé hefl P IMATEY Mbasured
the syringe is set on the holding portion, and the
bgpthetdistahbe medsunging inednypand thencapheityséfilsyringe
end of the plunger is set at the naxinmm scale

p'gp'utti by bhet ﬁep‘gyrmqg@_s, and the control means comprising

means for controlling the injection of chemical solution in
the syringe accomplished via the plunger pressing means based
on the travel distance of the plunger and the capacity of the
syringe.

According to the above-described invention, the syringe
is set on the holding portj_on, and the capacity of the syringe
is input. Then, the distal end of the plunger is set at the
maximum scale position of the syringe.

Next, the plunger is pressed in the axial direction by
the plunger pressing means. When the plunger moves to the
distal end of the syringe, the distal end of the syringe is
detected by the distal end detecting means. Based on the
outputs of the travel amount detecting means and the distal
end detecting means, the travel distance of the plunger is

measured by the distance measuring means.



Next, the plunger is pressed in the axial direction by

t he plunger pressing neans. Wen the plunger noves to

the distal end of the syringe, the distal end of the
syringe is detected by the distal end detecting

nmeans. Based on the out put $3&f- the travel anount
detecting neans and the distal end detecting neans,

the travel distance of the plunger is neasured by the

di st afext meheUnpud ceraEl tyef siieihgetdr] thimbasapaditinavel
of syringe and the neasured travel distance of
gilshgnreaof plum@gelr iard I[stogtegl dgetheastorafjeaneangastIf at
the capacity of syringe and the travel distance of
peaagdhe capacbindf symdngecind the trayedidis tance of plunger
solution_injected from the syringe can be judged by
asapEeung. t‘HLe Areuat phthe Gh@t’“&ﬁé‘é ﬂ°1BF19PquH°W4 from
the current travel distance thereof. Therefore,
thesYTdnassFan Peucas dky mee%iag E&‘ﬁt"(‘?ﬁ?o%?-’?"eétd Stance
preset flowrate fromthe distal end of the syringe

based on the input capacity of syringe and the

neasured travel distance of plunger. Wen the syringe
punp in accordance with the present invention is

used, the syringe is held by the holding portion, and
the capacity of syringe is input by the input neans.

Then, the control neans identifies the travel

di stance of the plunger corresponding to the capacity

of the syringe fromthe storage



means. Then, based on the capacity of the syringe and

the travel distance of the plunger, the control neans
controls the plunger pressing neans, by which the

chem cal solution is injectg? continuously at a

preset flowrate fromthe distal end of the syringe.
Thereby, the syringe punp in accordance with the

present invention can be used even for a syringe that

og pdungeswiwithorthe cprregd wrialved diistanioen thieanegdd

by desi gn change or renodeling. Al so, since the
Q%lleirﬁg@r@u nphe chepd sadslutdamcandeginieatediqondriiunus ly
is configured so that the data on the syringe can be
t? aresedeFjoByrate ft5emr the Aistadr endof thessyrhage based

nistg?gn data on the syrin%g is stored by the
8Be theo NPt GamACHtY, OF SXTdngs: apd the, Meagusied,dravel

f. the plunger. occurs, for exanple, because the
gFEEGEF%i ?ngguggprét t he maxi num scal e position when

the ALROeRES o9t0NEY, plipp! 0F hOBUEAGH LG APSRL! ¥rbont

syringe Is ms 'S reason,

13} nitriol?tcfg RARURC B %I}rt:l.i;\gg P& &9 bl rfglge{‘ﬁi)f?aing ortion,

preferably conprises outs di anet er ecting ans

Eﬁ&ﬁ%eﬁﬁh&&t oF ¥ Shge 14 PABLLbYEhENQpUDMEASS. Then,
hel d by the holding portion, capacity cal cul ating

rhersontfryl mahfiblidentd fiiles tlopacatryldidtancy/of the plunger
based on the outside dianeter of syringe detected by
cheresponddndgl hodther cdpaettymgf the syringe from the storage
means. Then, based on the capacity of the syringe and the
travel distance of the plunger, the control means controls
the plunger pressing means, by which the chemical solution
is injected continuously at a preset flow rate from the distal
end of the syringe.

Thereby, the syringe pump in accordance with the present
invention can be used even for a syringe that is sold newly
or a syringe with a dimension changed by design change or
remodeling.

Also, since the syringe pump in accordancewith the present
invention is coﬁfigured so that the data on the syringe can
be stored freely by the operator, there is a fear that mistaken
data on the syringe is stored by the operator. Specifically,
an error of travel distance of the plunger occurs, for example,
because the plunger is not set at the maximum scale position
when the syringe is stored, or the input of the capacity of

syringe 1is mistaken.



nmeans and the travel distance of plunger neasured by

the distance neasuring neans, difference cal cul ating
means for calculating a difference between the

capacity of syringe calcul ated by the capacity

cal cul ati ng neans and the caéa0|ty of syringe i nput

by the input neans, and registration neans which

accepts the storage in the storage neans if the

di ff eFenddiis weespaci tiye siyrdypgenpempanc acgosdanyret weth the
difference calculating neans is wthin a
pregénér#PN@@t#@wg@refnga@uasp@@H@L&@@tgmtﬁédgnﬁhﬁyeter

nmeans neasures the outside dianeter of the syrl ng

AEFAChyanBRIRITAG SETRSTITGe O Ay GamSLieR 9y the
g?{%'ﬁ}g??}%ﬁ iﬁsﬁvéﬁ M eteee Lty ppl qﬁeﬁngmeans

| St cuql.aai'r uﬂﬁ s p%gé-g%roregg@lgé S?%g.nég&aasnec lon the outside
Hﬁﬁﬁng%ﬂ}%{@%fingétdéﬂ&e& ﬁf‘ihe'cfhtoéﬂfé FLQm@@la éﬁfeecting

e capacl rmn necessary to ca

FnE‘én'sn ande t@Uea"E'%ta%relOfdi%V:%h%e oY pl%l:h@efraﬁiéar&rte'be by the
t hi ckness of syringe fromthée outside dianeter

aﬁ.s%ﬁhbégﬁiea}:ﬁ%i\ﬁ@' mebhkGkilEEEe PénSY I¢dDEUl&ting means for
determ ned i n advance because it is al nost const ant

talcalpting ianddf fereéncéhdedwielear dhee caplaciltat iafy syringe
means cal culates a difference in capacity by
cedpadiatgd by thepagpagity calidulgd ing means end thetdapacity
capacity cal culating means with the capacity of

ofr s¥génge input by the input means, and registration means
whichaccepts the storage in the storagemeans if the difference
incapacityof syringe calculatedby thedifferencecalculating
means is within a predetermined range.

The outside diameter detecting means measures the outside
diameter of the syringe held by the holding portion. The
capacity calculating means calculates the capacity of the
syringe based on the outside diameter of syringe detected by
the outside diameter detecting means and the travel distance
of plunger measured by the distance measuring means. At this
time, in order to calculate the capacity of syringe, it is
necessary to calculate the inside diameter of syringe by
subtracting the wall thickness of syringe from the outside
diameter of syringe. The wall thickness of syringe is

determined in advance because it is almost constant for any

syringe.



I nput by the input neans. The registration nmeans

accepts the storage of the outside dianeter of

syringe neasured by the outside dianeter detecting

nmeans, the travel distance of plunger nmeasured by the

di stance neasuring means, an® the capacity of syringe

i nput by the input neans in the storage neans if the

di fference in capacity of syringe calculated by the

di f f eTRedd fEriremcd cAlcUESEEn g hednkitdl cul tsich @iTfeatence
range. Thereby, a fear that the operator stores the

instcapacitydin compgdra gy thegeapacihy of aryagnge aral adated
be elimnated. Al so, the storage neans preferably

byripre capaghtiyrgaiculating mgangaitlsthe sppasddiyi ofi syringe

whi ch stores in advance gredeteynined dat a i ncl udi ng

iRpus R ithe %ma%ma@s}f bectrRI LI FralckPn epRgeaCepP S the
plurality of kinds, and_at |east _the capacity of

§§PFﬁgé SﬁdtPﬁezFF%@P dlanatee of PIHES neagiad by the
EERG. diametn” apFertdnanapane: Ahroats BloRicirRce of
éﬁngQ@ flea r%% %&roq:ﬁ% gg ‘t%% Nile 'a%{gre | ng%n%at And the

ge se G WOr K
Eggaa&eg Bﬁeégfi éeﬁ‘?% %3 dch%y fhpge x'n&aﬁ? J%tﬁ{%‘%scorage

f can "be omtte

RehRE DESGR a-z[@rgﬁc-'él'lfn LA Ny 5|f(35y11.=1h§e5t5hlculated by
expl anatory view showi ng a basic construction of
sléi agefprencencatealdenng meéans ohe weindinkh rE@ire@feﬁdﬁ1ned
range. Thereby, a fear that the operator stores the mistaken
data on the syringe in the storage means can be eliminated.
Also, the storage means preferably comprises an initial
syringe data storage section which stores in advance
predetermined data including the outside diameters of
predetermined syringes of a plurality of kinds, and at least
the capacity of syringe and the travel distance of plunger,
which correspond to the syringe of each outside diameter.
Thereby, for the syringe that has already been sold, the
data can be stored in the initial syringe data storage section
on the maker side. Therefore, work for storing the already

sold syringe in the storage means by the operator himself can

be omitted.



present invention; FIG 2 is an explanatory sectiona

view of outside dianmeter detecting neans in

accordance with one enbodi ment of the present

i nvention, viewed fromthe syringe distal end side;

FIG 3 is a block diagram showi'ng a configuration of
storage neans and control neans in accordance with one
enbodi ment of the present invention; FIG 4 is a
BRABEHDESCRAPTIONUSFr SHENDRAWINGSess for storing a
syringe into a syringe punp in accordance wth one
enbodFEéntl ¢ antexpirassdiiry vievishowingralbés - donstruction
flowmhart for illustrating an operation for injecting
2fcRefYEARISOPWND ohn f aoReEdanee bty ong jempadigentyf the
pu in accordance wi th one enbodi nent of the present
PREERDNLOANVBREEOREDE FOR CARRYI NG OUT THE | NVENTI ON As

o enpb et EhREFRE Al ob i Sk PRRg Loy dlimeter
' b 2 d [ haol di [
BEELRRE0R.TReR"3H B RaR IR, DM o e
ﬁreéﬁn%hQWehg'gﬁGv:gewé&efr thed§ F?hgén@ig{:}éi'%{h?‘side;
as a concave 3’>a having a subst antlg y~“sem circul ar
shaperi@.C5088 8€p1b8R WihBrhResh6RPREVE één?i‘gékh%hon of

with the body side surface so that a syringe can be
Btbraget heatenaade cdatrdol meaws i RldorbantePitgelone
embodiment of the present invention;

FIG. 4 is a flowchart for illustrating a process for
storing a syringe into a syringe pump in accordance with one
embodiment of the present invention; and

FIG. 5 is a flowchart for illustrating an operation for
injecting a chemical solution froma syringe by using a syringe

pump in accordance with one embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

As shown in FIG. 1, a syringe pump 1 in accordance with
an embodiment of the present invention includes a syringe pump
body 2 and a syringe holding portion 3 provided on the side
surface of the syringe pump body 2. As shown in FIG. 2, the
syringe holding portion 3 has a concave 3a having a
substantially semicircular shape in cross section with the
concave 3aparallel with the body side surface so that a syringe

4 can be put on the concave 3a. As shown in FIG. 1, a plunger



4b having a gasket 4a at its distal end is inserted in
the syringe 4. To the distal end of the syringe 4, a
tube 4d having a piercing instrunent 4c at its distal

end is connected. Also, the _syringe 4 has a flange 4e

at the proxi mal end of out &r 8 Cylinder thereof. In an
out si de edge portion of the syringe hol ding portion

3, a syringe size sensor 5 is provided as outside
dbahaving degasketgéasanst Adbdioah emd BlsGInsdtedanch the
2(b), the syringe size sensor 5 includes an arm

gyringe Ha, Te thefilsspl endlof thrippoingsc, Fiabe 4d having
proximal end of the an portion 5a is rotatably

afRrding instremenpderat tEspyligtal epdis epnnerted o Also,

interseit pe;gendicular%g to the axis of the syrkgge
kheTggringengchas 3 SLIRRGE piR \Rletheh PTAXAM) (§h of outer
ang th sgéinge hol ding portion 3. The syringe size
SEhLBASE HBPEEPE-the outside diameter of the syringe

4 by fﬁ%%s%lgé\%}.c{f% eé%t&t%ﬁggigtq %lfe %R% lﬁytgg%}g%gﬁéa}p% g portion

Al so,7as s a [ ectan

t@gegiegynﬁgf, L?i?ém 0%’%:9'?% Ky H‘%Waé& a5 %Ht{%gfe Wdeter

pe para he axi al ection of
a¥ELBYEEng mddhd he ASPERb WY 1n2PTGS. Bl (&)98hd R(BISEENE syringe
i's

havi ng a plunger clanp 6a at its distal end

shzer §eAsdf ofn il ydex idiblarfin poiritdionoba, Thesphf1BH, and a
clanp 6a can be engaged with the rear end of the

shppget 54h. Theproxinad end ofnthgarmportdont el s hotptably
presser 6, a screw hole 6b is provided so as to be
gannectedvie kthehsuppent iy by the shaft 5b so as to intersect

perpendicularly to the axis of the syringe 4. The syringe
4 is held between the arm portion 5a and the syringe holding
portion 3. The syringe size sensor 5 detects the outside
diameter of the syringe 4 by means of the rotation angle of
the shaft 5b.

Also, as shown in FIG. 1, a rectangularly shaped opening
2a is provided in the body side surface so as to be parallel
with the axial direction of the syringe 4. In the opening
2a, a plunger presser 6 having a plunger clamp 6a at its distal
end is inserted from the proximal end thereof. The plunger
clamp 6a can be engaged with the rear end of the plunger 4b.

In the proximal end portion of the plunger presser 6,
ascrewhole 6b is provided so as to be parallel with the opening
2a. A ball screw member 7 is screwed in the screw hole 6b.
The ball screw member 7 and the opening 2a are provided so

as to be parallelwith eachother. Also, the opening 2a guides



2a. A ball screw nenber 7 is screwed in the screw hole

6b. The ball screw nenber 7 and the opening 2a are
provided so as to be parallel with each other. Al so,

the opening 2a guides 9 the_plunger presser 6 so that
the plunger presser 6 is moved~ in the axial direction

of the ball screw nenber 7. Therefore, the rotation

of the plunger presser 6 around the ball screw nenber
Thespiluhgertpxesser bheodthatlthen ¢ lungehe piresksescé evg moved
menber 7 is fitted a gear 8a. Wth the gear 8a, a gear

4B thegxiplcinectiomeéthe hadhacranmepbher Ecr fherefore,

menber 7 is rotated by the notor 9 via the %ﬁars 8a
the BEtathen of Ao RAHUNgst PERSSET feaiprpd the dall screw

RombES 7ois puthin LY, %ggg‘)ﬁftt’s{gﬁé E§H| ?fs??%?esaslelr screw
wsﬁ?%ef 37.9%%? r%ﬁ“%%%rﬁ%% i fhe eas L a, gear 8b
E4RS3 o R5°5" moor! HopbBhbs *CUL TP ko Rl & 1o
a an cons ut’e plunger

%%%%'eﬁ%ﬁ%ﬁ@ﬁno%ﬁ‘ée&iémw&eé’ﬁé %S‘at @ aﬁseanfhé Qdtational
his enbodi ment 1 ncludes a tontact 10a and a |i near

ﬂ.@tt&ahl ofetied mbtor dhes eafarted Gio iaS1Rhep@ChoHYON of the
provided in the proxinmal end portion of the plunger

planger pfredsep, 6 tnevinddar the! aniadtmndieect®oniesf the ball
provided in the syringe punp body 2 so as to be
serewW member IV byetheiscrsw hiodebabl vz the bedibesciiew member

7.

In this embodiment, the opening 2a, the plunger presser
6, the ball screw member 7, the gears 8a and 8b, and the motor
9 constitute plunger pressing means.

Travel amount detecting means 10 of this embodiment
includes a contact 10a and a linear potentiometer 10b. The
contact 10a is projectingly provided in the proximal end
portion of the plunger presser 6. Also, the linear
potentiometer 10b is provided in the syringe pump body 2 so
as to be parallel with the axis of the ball screw member 7
and to be in contact with the contact 10a. The plunger 4b
is pressedby the plunger presser 6, and the contact 10aprovided
on the plunger presser 6 slides on the linear potentiometer
10b. The electrical resistance of the linear potentiometer
10b changes according to the position of the contact 10a, by

which the travel amount of the plunger 4b is detected.



and to be in contact with the contact 10a. The pl unger

4b is pres sed by the plunger presser 6, and the

contact 10a provided on the plunger presser 6 slides

on the |inear potentioneter %Ob. The el ectrica

resi stance of the linear pbt% tToneter 10b changes
according to the position of the contact 10a, by

whi ch the travel amount of the plunger 4b is detected.

10 | iint bBeddtstal eemid quottion oif tthee edll somaw mEmber 7,
7, a load sensor 11 is provided as distal end

@efleadi agnaennkl isnbpaoviidedgaskdishalnendgletecting means.
di stal end of the syringe 4, the plunger 4b cannot

heR thetgaskett4a moyg@sdtecthe shlgiak |gRd ofr th§mri%@e 4,
tEat a load is agglled to the rotation of_the
RIHBEBE 4D, cannet mave ik thet s tal grd F&§GC§&R§o?f the
tects the fact that, th t, 4 b
ER iy b o B 13y pPRTESH £ FAPFTERLOROE the
g)'ggﬂ.l g)ér@%ﬁ rgBeJq'Z? IC?&LPJ b?%? dmtotﬂ S¥r' n‘ﬂﬁ? pfcg?d sensor

I'spl ay Sect I'splays’a setting

r t d | |
Slq1 gggggt% gt%?rﬁgg%ﬁ Itd?tﬁg port| on ?%ﬁeﬁaéh HQ@e? to the

Blestal ehd braele dysiiagee Obyt kiRl Uead. 4b, the
capacity of the syringe 4, and the like. On the

syri ngeligpihgy bedyidn Hniksrgadvided oantHe syxifigevpdag body
as input neans. To the input section 13, the capacity
@f. tfbes¢ispyaydsecition 2 niep Hysek eve ttdmd esgrgrn menu,
In this enbodinent, as showmn in FIG 3, for exanple, a
theoutside diameter of the syringe 4 held by the syringe holding
portion 3, the name of maker, the travel distance of the plunger
4b, the capacity of the syringe 4, and the 1ike. On the syringe
pump body 2, an input section 13 is provided as input means.
To the input section 13, the capacity of the syringe 4 and
the name of maker can be input.

In this embodiment, as shown in FIG. 3, for example, a
RAM disc 1l4a is incorporated in the syringe pump body 2 as
storage means 14. The RAM disc 14a can store the outside
diameter of the syringe 4, the travel distance of the plunger
4b, the capacity of the syringe 4, and the name of maker of
the syringe 4. Also, the RAMdisc l4a isprovidedwithabattery
so as to maintain the storage even if the power source of the
syringe pump 1 is turned off.

Also, the rotational speed of the motor 9 is controlled

by a motor encoder 15.



RAM di sc 14a is incorporated in the syringe punp body

2 as storage neans 14. The RAM di sc 14a can store the
outside dianeter of the syringe 4, the travel

di stance of the plunger 4b, jhe capacity of the

syringe 4, and the nanme of” er of the syringe 4.

Al so, the RAM disc 14a is provided with a battery so

as to maintain the storage even if the power source of
the 3prtimbe embyrdimerst | dheedyrfihgeApamp bbdy 2 contains a
rotational speed of the notor 9 is controlled by a

ROMod 7ean@o§&U 18, andla RAMt ABs enbodi ment, the

syringe punp bod¥ 2 contains a ROM 17, a CPU 18, and

a RAMIRgthe ROME7RAMeTE aneewEiiitenyeidishancelicalmpation
cal culation program 17a, a_capacity cal cul ation

BEOGERM 47, SCWIFLTLFELCULAIOPRTFTHR JdiPank HAEEeFence
LR AR o BERBEARL) /e A THEs CHAT AN RARLHE $y 2nd o
FrueEB3, BEpbARETAS, W &l oRYT By i LS cru 16

RE D §g Position to the syringe distal end
posi tion based on the travel anmount output fromthe

travelrhanaustafet c6h1 86188868 pPogPdm 198 LAREuIBRES' the
11 (in this enbodinent, the positional infornmation

ftirafellh @i en@eMoFCahe planie®n 4bo firfdm Thiel @ imdinsistale
end position).

position to the syringe distal end position based on the travel
amount output from the travel amount detecting means 10 and
the load sensor 11 (in this embodiment, the positional
information from the maximum scale position teo the syringe
distal end position).

The capacity calculation program 17b calculates the
capacity of the syringe 4 based on the travel distance of the
plunger 4b calculated by the distance calculation program 17a
and theoutside diameter of the syringe 4 measured by the syringe
size sensor 5 by using Equation (1) described below. 1In
Egquation (1), t is a constant value determined considering
the wall thickness of the syringe 4.

V=(D-2x1t)2 xnx L/4 ce. (1)
where, V: calculated capacity

D: measured outside diameter

t: predetermined wall thickness data of syringe

L: travel distance of plunger



The capacity cal cul ati on program 17b cal cul ates the
capacity of the syringe 4 based on the travel distance

of the plunger 4b cal cul ated by the distance

cal cul ation program 17a and, t he outside dianeter of

the syringe 4 neasured by Tr%gsyringe size sensor 5

by using Equation (1) described below. In Equation

(1), t is a constant val ue determ ned considering the
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out of the predeterm ned range, the registration
phegyannge 4 in the RAMdisc 14a. Ifthedifference incapacity
is out of the predetermined range, the registration program
174 refuses the storage of the outside diameter of the syringe
4, the travel distance of the plunger 4b, the capaclity of the
syringe 4, and the name of maker of the syringe 4 in the RAM
disc 14a.

The control program l7e controls the motor encoder 15
so that a chemical solution is injected continuously from the
syringe 4 based on the preset flow rate input by the input
section 13.

Also, predetermined data consisting of the outside
diameters of a plurality of syringes 4, and the travel distance
of the plunger 4b which correspond to each outside diameter,
the capacity of the syringe 4, and the name of maker of the
syringe 4 are written in advance in the ROM 17 as an initial
syringe data storage section 14b. That is to say, in this
embodiment, a part of the ROM 17 constitutes a part of the

storage means 14.



17d refuses the storage of the outside dianeter of the
syringe 4, the travel distance of the plunger 4b, the
capacity of the syringe 4, and the nane of maker of
the syringe 4 in the RAM disc 14a. The contro

program 17e controls the notor 'encoder 15 so that a
chem cal solution is injected continuously fromthe
syringe 4 based on the preset flow rate input by the

i nputInstixis cemiGdinien, threecetomiemaxbdgat d 5cortdiesROMy 17,
of the outside dianmeters of a plurality of syringes
theyRBUt A8.t padethei BAMnA8 censgh‘éupmﬁgatrab meRas 16.
correspond to each outside dianeter, the capacity of
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mb&8.id seledbdald. Thés] theCoMET peobeedsi € st 2, where
syringe punp 1 is turned on. Then, the contro
phecesplacity leqrriibed@ncthesetdie®@f the syringe 4 and the
name of maker of the syringe 4 are input by the input section
13.

Next, the control proceeds to Step 3, where the gasket
4a is pulled beyond the maximum scale position via the plunger
4b. Then, the control proceeds to Step 4, where the syringe
4 is held by the syringe holding portion 3. Then, the control
proceeds to Step 5, where the outside diameter of the syringe
4 is measured by the syringe size sensor 5.

Next, the control proceeds to Step 6, where the distal
end of the gasket 4a is set at the maximum scale position of
the syringe 4 by operating the input section 13. If the distal
end of the plunger 4b is brought too far beyond the maximum
scale position by a mistaken operation of the input section
13, the control returns to Step 3. After the distal end of
the plunger 4b has been set at the maximum scale position,
the control proceeds to Step 7, where themaximumscaleposition
is stored in the RAM 19. Also, the motor 9 rotates the ball

screw member 7 via the gears 8a and 8b while being controlled



node is selected. Then, the control proceeds to Step

2, where the capacity described on the scale of the

syringe 4 and the nane of nmaker of the syringe 4 are

i nput by the input section . Next, the contro

proceeds to Step 3, where 1 gasket 4a is pulled

beyond t he maxi num scal e position via the plunger 4b.

Then, the control proceeds to Step 4, where the

byrthegymotsér endedealr 15 ,t fe thati the dloirbemppesseunt Presses

Then, the control proceeds to Step 5, where the

Shesplengernmh er Nekty, htheyeonirol prioceedssipcditey & havhere

%ri nge size sensor 5. Next, the control proceeds to
eplead \frethe haldi serev nepber 7t A& mankeered by the load

at the pmaxi mum scal e position of the syringe 4 by

§pBFALi hy 'i%équﬁ!ﬁuf'%gbﬁ%ﬂr Ot the Hésél%t g? hagdayred to
e plu r 4Q i ought .too far beyond the naxi mum

ggglgiﬁggﬁtFBH 8% g ﬁigyﬁQBﬁeoﬂeration of the input

secti , 0 ol e fter the

di st afge% oq’(w(?h(gnpltengbeE[rf"';ltJg a{as"J gné%%e%etar aét é:ect{ed by

[ i t{00, C r 0

B Y 0 oD I PFbERLaR QU RICD 57 Wi te the

ROVbE9%9 A StoppeR Bl 8tof prdsd Ay dFethal p1us§ELMD by the

menber 7 via the gears 8% I?:md 8%§gwhi l e beﬂl)ng § Y

pouhgekrl pdedderby.t NEE i@ rliea® aderthkb bald ishdatew ember 7

pl unger presser 6 presses the plunger 4b. Next, the

tennobl detectedsbyotlte elod8] sdreser lilhe theacomtriolie returns

ball screw nenber 7 is nonitored by the | oad
toStep 7, and hence the pressing of the plunger 4b is continued.

Next, the control proceeds to Step 10, where the position
of the plunger 4b at the time when it is detected by the load
sensor 11 that the gasket 4a has moved to the distal end of
the syringe 4 is output by the contact 10a and the linear
potentiometer 10b. Then, the travel distance of the plunger
4b is calculated by the distance calculation program l17a based
on the maximum scale position stored in the RAM 19 and the
position output by the load sensor 11. Next, the control
proceeds to Step 11, where the capacity of the syringe 4 is
calculated by the capacity calculation program 17b based on
the outside diameter of the syringe 4 measured by the syringe
size sensor 5 and the travel distance of the plunger 4b
calculated by the distance calculation program 17a. Then,
the control proceeds to Step 12, where the difference
calculation program 17c calculates a difference in capacity

by comparing the capacity calculated by the capacity



sensor 11 to judge whether or not the gasket 4a has

nmoved to the distal end of the syringe 4. If the | oad

on the ball screw nenber 7 is detected by the |oad
sensor 11, the control progefgs_to Step 9, where the
notor 9 is stopped to stop pressing of the plunger 4b

by the plunger presser 6. If the |oad on the bal

screw nenber 7 is not detected by the |oad sensor 11,
cad cydation program 17 wittdpthe camhdicric dnplud by etshe dgput
of the plunger 4b is continued. Next, the contro
gec&dens 180 bgt &pel opexadoxr the S§EPi Ri-on of the

plunger 4b at the tinme when it is detected by the | oad
sensoleXt. t hht the ALekseence Caradd sall@tad by the
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I's calculated by the Capacity calculation program
tobthestft Nie dlameitey 82 thasgrangef 4td1fd 9% iRpaEt4n Step

neasured by the syringe size sensor 5 and the travel
@i, sthe oamef of makdriogethd s yrdalgeul adteicciby st dianidl st Bndaput
cal cul ation program 17a. Then, the control proceeds
to Stemp 21 Bndibecndwe dfistange®f the ellumdesndipcadicaxbated
17c calculates a difference in capacity by conparing

e

et pies taneecalicnlatiop pregeapatiayin th disc l4a.

Inversely, 1f the difference in capacity is out of the
predetermined range, the registration program 17d refuses the
storage of the outside diameter of the syringe 4, the capacity
of the syringe 4 which corresponds to the outside diameter
of the syringe 4, the name of maker of the syringe 4, and the
travel distance of the plunger 4b in the RAM disc 1l4a.

Next, thedisplaysectionl2displaystheresult of whether
or not the outside diameter of the syringe 4, the capacity
of the syringe 4 which corresponds to the outside diameter
of the syringe 4, the name of maker of the syringe 4, and the
travel distance of the plunger 4b have been stored in the RAM
disc 1l4a.

Thus, the process for storing the syringe 4 in the syringe

pump 1 is completed.



- 15 calculation program 17b with the capacity input

by the input section 13 by the operator in Step 2.

Next, if the difference in capacity calculated by the

di fference cal cul ation program 17c is wthin a

predeterm ned range, the Telfstration program 17d
accepts the storage of the outside dianmeter of the
syringe 4 neasured by the syringe size sensor 5, the
capaciNeytofa cheesylienga pathealt LorimeHutewith 4 ldhemical
outsi de dianmeter of the syringe 4 and is input in Step
3olutd onaby udinmitbe syrihgespumpde of thishemizodiment will
simlarly input in Step 2, and the travel distance of
bieec deisgrdded4withl celfgrencepyor FIGHi.stlawad Sal cul ati on
program 17a in the RAMdisc 14a. Inversely, if the

di f f eF&Rek. ithe RPYETt §ORECS ROHthensYTHR g AU nky| turned
range, the registrati on]a?rogram 17d refuses the
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i Aputydddiorft19hi ales6©] ERERVHISTI10pEbEc 88 ToUstep 23, where
di anmeter of the syringe 4, the nane of maker of the

Thel giss Kle afdméber off thvebydiagances akaksheed bingre s4fringe
have been stored in the RAM disc 14a.
size sensor 5. The capacity of the syringe 4 corresponding
to the measured outside diameter of the syringe 4 and the travel
distance of the plunger 4b are displayed on the display section
12. Then, the control proceeds to Step 24, where the flow
rate per predetermined time of chemical solution injected from
the syringe 4 is set. Next, the control proceeds to Step 25,
where the piercing instrument 4c is connected to the patient.
Then, the control proceeds to Step 26, where the injection
is started by the operation of the input section 13.
According to thesyringe pump of this embodiment, asyringe
that is s0ld newly or a syringe with a dimension changed by
designchangeorremodelingcanbe stored. Also, if thesyringe
4 is once stored in the RAM disc 14a, the information stored
in the RAM disc 14a can be read next time and subsequently,
so that the stored syringe can be used without troublesome
setting/adjusting operation. Also, according to the syringe

pump of this embodiment, by storing the outside diameter of



Thus, the process for storing the syringe 4 in the
syringe punp 1 is conpleted. - 16 Next, a case where

a patient is injected wwth a chem cal solution by

using the syringe punp 1 of this enbodinment will be
described with reference to FIGS. 1 and 5. First, the
power source for the syringe punp 1 is turned on.

Then, the control proceeds to Step 21, where the

dyrel sgeindefsd kthad i idominercdladliycalzasbhbleat itheheime when
by the syringe holding portion 3. Then, the contro
fhecsxtin dgep@Snp p s Banufigiedue edandibine capaciitgrcaxfresponding
syringe 4 is selected by the input section 13. Next,

ttiect ke autsldpdiameten tn gdwpnge in\khe ROM Lk, thegpgrator’s
di ameter of the syringe 4 is neasured by the syringe

burdege fodnputtddg: g98c Pey eFebhe syringe 4
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connected to the pafient. "Then, the control proceeds

to Stapsdf, ihehest &fbodimént PNthé Ssytfige huip tha&n which
operation of the input section 13. According to the

the hgétpadpspfihge sderdeadioreye sectyionn@db isagrowided in
sold newly or a syringe with a dinension changed by

the ROM 17 has been explained. However, the initial syringe
data storage section 14b may be provided at another place,
for example, on the RAM disc l4a.

Also, in this embodiment, the syringe pump 1 provided
with the contact 10a and the linear potentiometer 10b as the
travel amount detecting means has been explained. However,
in place of providing the contact 10a and the linear
potentiometer 10b, the travel amount of the plunger may be
detected by detecting the rotational speed of the motor by
using the motor encoder 15. In this case, the distance
calculation program calculates the travel distance of the
Plunger from the rotational speed based on the screw pitch
of the ball screw member 7. Also, in place of providing the
contact 10a and the linear potentiometer 10b, a step motor
may be used instead of the motor 9 to detect the number of

pulses, thereby detecting the travel amount of the plunger.

In this case, the distance calculation program calculates the



desi gn change or renodeling can be stored. Also, if
the syringe 4 is once stored in the RAM di sc 14a, the
information stored in the RAMdisc 14a can be read
next time and subsequently, _so that the stored
syringe can be used w t hout 1% subl esone
setting/adjusting operation. Also, according to the
syringe punp of this enbodi nent, by storing the
travededils bamterofothe pllinddre byyde b@geminihgitie rotational
commercially available at the tine when the syringe
spepd ofnmthef stepr mdtandfrbom thpaoumperoofeppdsesng

to the outside dianmeter in advance in the ROM 17, the
operator' s burden of inputting can be eased. In this
enbodi nent, the _syringe punp 1 using, for exanple,
FﬂguﬁzﬂﬁépsépfkicX§IPEEYStorage means 14 has been
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for exanple, on the RAMdisc 14a. Also, in this
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contact 10a and the linear potentioneter 10b as the
patientantna chemdchiln smesisahdexhednrejge aioredf chemical
However, in place of providing the contact 10a and
shdutiignacan be accomplished.



potentionmeter 10b, the travel amount of the plunger

may be detected by detecting the rotational speed of

the notor by wusing the notor encoder 15. In this

case, the distance «calculation program cal cul ates the
travel distance of the pIUnb%r fromthe rotationa

speed based on the screw pitch of the ball screw

menber 7. Also, in place of providing the contact 10a
and the |inear potentisooPEeOFLOLAIMSStep notor may be
used instead of the notor 9 to detect the nunber of
pul(deendelddr eAysgeingei pumpheompaisingrount of the
plunger. In this case, the distance cal cul ation
progranhebdtngapestion figr holddng di styrigefpadisided with
pl unger by determ ning the rotational speed of the

gt Egad6t b iEmemiPhrrpbwadil Forsebeckinguthr amount of a

APPLI CABI LI TY According to_the pr esent i nvention, a
emiga tHQAUFéons§ﬁ&lﬁ@mFP%5Pi& syringe with a
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so that said plunger pressing means presses the plunger
continuously at a predetermined speed,

travel amount detecting means for detecting the travel
amount of the plunger;

distal end detecting means for detecting the fact that
the plunger has moved to the distal end of the syringe;

distance measuring means for measuring the travel
distance of the plunger until the distal end detecting means
detects the fact that the plunger has moved to the distal end
of the syringe by causing the plunger pressing means to move
the plunger, the distal end of which is set at the maximum
scale position of the syringe, to thedistal end of the syringe;

input means capable of inputting the capacity of syringe;
and

storage means capable of storing the travel distance of

pPlunger measured by said distance measuring means and the

capacity of syringe input by said input means, and



a hol ding portion for holding a syringe provided with
a scale in its peripheral wall for checking the anount
of a chemcal solution filled therein; plunger
pressi ng neans for pressing and noving a pl unger
inserted in the syringe het #®y said hol di ng porti on,
in the axial direction to inject the chem ca

solution in the syringe; control means for controlling

sai d $aldevntirclsmeadseansrising MfansAEdrtoigi€s11ling the
pressi ng neans presses the plunger continuously at a
pngdetéoni ofdch@etdal t s@alret iamolmtticeisyatinge eaompldrshed
detecting the travel anount of the plunger; distal
vhd sei@nliungempressdngdueansibasadeonf the tiatel tdistance
pl unger has noved to the distal end of the syringe;
gfstBacPluBgenr rRg Fbensapacityaofir the sNEinggvel
di stance of the plunger until the distal end detecting
nmeans detects the fact that the plunger has noved to
he distal _epnd of the syringe by causjing,the plunger
rosoTit Fethtoe chubb caSthERTRa for SLRHE Y CouPrifdngs
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st orage neans capable of storing the trave
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and the capacity of syringe input by said input
6Eah® syrilhge based on the outside diameter of syringe detected
by said outside diameter detecting means and the travel
distance of plunger measured by said distance measuring means;
difference calculating means for calculating a
difference between the capacity of syringe calculated by said
capacity calculating means and the capacity of syringe input
by said input means; and
registration means which accepts the storage in said
storage means 1f the difference in capacity of syringe

calculated by said difference calculating means is within a

predetermined range.

3. The syringe pump according toclaim2, whereinsaidstorage
means comprises an initial syringe data storage section which
stores in advance predetermined data including the outside
diameters of predetermined syringes of a plurality of kinds,

and at least the capacity of syringe and the travel distance



20 said control means conprising neans for
controlling the injection of chem cal solution in the
syringe acconplished via said plunger pressing neans
based on the travel distance of the plunger and the
capacity of the syringe. 2.20Be -syringe punp according
to claiml conprising: outside dianeter detecting
nmeans for detecting the outside dianeter of the

&¥ rﬂ)ﬂﬁﬁ?&e | Qubiers kPl gind tBOthb OBy r£R§8%4 Yeach outside
cal'cul ating neans for calculating the capacity of the
8yamegerbased on the outside dianeter of syringe
detected by said outside dianeter detecting neans and
the travel distance of plunger neasured by said

di stance neasuring nmeans; difference cal cul ati ng neans
for calculating a difference between the capacity of
syringe cal culated by said capacity calcul ati ng neans
and the capacity of syringe input by said input

means; and registration nmeans which accepts the
storage in said storage neans if the difference in
capacity of syringe calculated by said difference
calculating nmeans is within a predeterm ned range. 3.
The syringe punp according to claim2 , wherein said
storage neans conprises an initial syringe data
storage section which stores in advance predetermn ned
data including the outside dianeters of predeterm ned
syringes of a plurality of Kkinds,



and at |east the capacity of syringe and the travel
di stance -20a- of plunger, which correspond to the
syringe of each outside dianeter. ABSTRACT Travel
amount detecting nmeans 10 fo% detecting the travel
anmount of a plunger 4b, dist } end detecting neans 11
for detecting the fact that the plunger 4b has noved
to the distal end of a syringe 4, distance neasuring
nmeans for nmeasuring the ABSTRACT stance of the
pl unger 4b, input neans 13 capable of inputting the
capacity of the syringe 4, and storage neans 14
capabl e of storing the nmeasured travel distance of the
pI un g'EFaﬂﬁl aneurdde teoting peansyl GFor ke tagt iﬂ’g?ethe dravel
rovi The control neans 16 selgﬁts the trav

opg choP PRYngeEngd- d45tad: £BL, &SHéiPG Pﬁ@nﬁn&&tf°r

1
AR %%'#%ﬁ its m;‘a&%eﬁf’eﬁ%ﬁﬁﬁﬁéﬁr b g "<Qgrd Ryoee Bustal
rﬁ§3e Qfancéé‘? ORGP M R 3 ot meblirng

E an be use %Qf%é Qﬁﬁn@é@‘lﬁaq%@ﬁ‘e efvjicagable

a syringe t I's sol

%Sﬂﬂ;ggﬁﬁ ;ﬂhé\cﬁbﬁe&%y%‘f tHeasgLIn §¥ ﬂeahanse@ﬁé@@ means
14 capable of storing the measured travel distance of the
plunger 4b and the input capacity of the syringe 4 are provided.
The control means 16 selects the travel distance of the plunger
4b corresponding to the input capacity from the storage means
14 and controls the injection of a chemical solﬁtion in the
syringe 4 accomplished via plunger pressing means based on
the travel distance of plunger and the capacity of syringe.
Thereby, a syringe pump can be provided which can be used for

a syringe that is sold newly or a syringe with a dimension

changed by design change or remodeling.





