- 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
BAeKkBROUYDr ARMr essi ng neans is controlled by the
control neans based on

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



- 2 _the selected syringe data so that the chem cal
solution is injected fromthe syringe at a preset

flow rate. However, in the conventional syringe punp,

the syringe data stored in the storage neans of

syringe punp is linmted to gyfinges commercially
avai l able at the tine when the syringe punp is
manuf act ured. Therefore, the conventional syringe

rhep skdecied sgtiageadatafsdetiigt i tihapeivdmicdl kohgtion is
used for a syringe that is sold newy after that tine
dnjecded dgomyithe syrdingensitom Ehespdd fhoweAtgn

change or renodeling. The present invention has been

made HAWOVER. ointthe gepventignadr §YFdnIgnBUBR e okRe rﬁ}flalinge
an object thereof is to provide a syringe punp

datapstored iprthe s%frqrr?gﬂ@ means QfSSIYHinHQV\PVmBri% 1imited
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B 6981 Rge MBS 15080 1Y @2%17Jar f8H tHW4 RAmR OF W8PFinge with
inserted in the syringe héld by the holding portion,

lan diten®tiondl chianeRid ®y designt¢hdnte JicMenddeddng.i on

in the syringe, control means for controlling the
pl ung®he presenindnveartd ohohabdiedmhamadeuhgeriew esstheg above
nmeans presses the plunger continuously at a

peckareumdncandpredordingky ammwhiect 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



detecting nmeans for detecting the travel amount of the

pl unger, distal end detecting neans for detecting the
fact that the 3 plunger has noved to the distal end

of syringe, distance nmneasuring neans for neasuring

the travel distance of the~ BIJnger until the distal

end detecting neans detects the fact that the plunger

has noved to the distal end of the syringe by causing
phengeunbhas mored no nhendilstaloead lof @ywigrre, dilstance
di stal end of which is set at the maxi num scal e

peasurdng vieanise foyr megsuriag heditgterlele i sdfanidee of the
syringe, input neans capable of inputting the
pdpageryuntlilthengistahend deigetingmeans getiectst the fact
storing the travel distance of plunger neasured by
Fhétng?ahé'énﬁﬁ’ésl&ﬁ RPRS kS 446 AASadpaBAIGE dihe syringe

rin Egt the i nput peans, and the contro
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capacity of the syfinge 1s input. Then, the dista

capabfiet b€ BtUREAy theSefavéltdEstamsé %Enpmﬂ{gcbr measured
position of the syringe. Next, the plunger is pressed

by the d@kstandeé rmeed iy melaies pndnghe papaciby sk anainge
When the plunger noves to the distal end of the

dpputigby the dhput| means of andecthy r¢orferel 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.



detected by the distal end detecting neans. Based on

the outputs of the travel anount detecting neans and

the distal end detecting neans, the travel distance

of the plunger is neasured by the distance neasuring
means. 3a Next, the input” acity of syringe and the
nmeasured travel distance of plunger are stored in the
storage neans. |If at |least the capacity of syringe

and tiext ; alelinputcapec ity ¢of spgengears] tneindastubed travel
amount of the chem cal solution injected from the
distageecafi prungelyaare\storgidadnnghehstonage neansl If at
di stance 4 of plunger with the current travel

deaslitde capaebty of Fyaiagerand the taiaveilcdlstance p§plunger
can be injected continuously at a_preset flowrate
prenteyRrd dithenpmena topf tthe @PM@élbaeéatien imiectgfrom
caga0|ty of s r|n e and the neasured travel dista

ERE svmigge o edhy SORPREIRIEhe ORI bRRESHA tance
t he present |nvent|on is used, the syringe is held by
the hol ding portion, and the capacity of syringe is

i nput by the input nmeans. Then, the control neans
identifies the travel distance of the plunger
corresponding to the capacity of the syringe fromthe
storage neans. Then, based on the capacity of the
syringe and the travel distance of the plunger, the
control nmeans controls the plunger pressing neans, by

whi ch the chem cal solution is injected 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 is sold newwy or a syringe

wi th a dinmension changed by desi gn change or

renodel i ng. Al so, since thé Syringe punp in accordance
wWth the present invention is configured so that the
data on the syringe can be stored freely by the
ofepdungert wditd ithea cugaenthatravied! didetandet dherddfe
S%Linge is stored by the operator. Specifically, an

ghegefomret, rtive chemdcadcoldft iarecphhegdnjectedsontgnuously
exanpl e, because the plunger is not set at the

Adx@ PRASeafdoposate Smom e ddiet ady epdRf thessprimnge drased
t he input of the capacity of  syringe is mstaken. 5

BB thi Anpits GRPAGHEYs PF RIS 1B 3 Ao MeATIT el (GFavel
t.he rese i.nvention preferably conprises outside
8&5&5?@? C%ePIMRITS ‘reans for detecting the outside

capaciioncPE,FYFEAgerBing 1 RéchPBaigs! kitp 85k Blesent

capacity calcu

GARRNItHBNCL s U&%a%yfﬁg @9;?5@@%9 ﬁggfag?g%fé ﬂsldﬂhgrﬁﬂﬁion ,

of syringe detected by~the out si nmet er deteCt’l ng

FRANeh&BEphee th Gw 8k rdhgbancenpht IQJfW’EEé M ORASHESAs DY Then,
the distance neasuring neans, difference cal cul ating

rhersortarol mahfslidentd fd edi tHet eavel l@istzmicd &£ the plunger
capacity of syringe calculated by the capacity
calrrelspondd ngehohendapaeitype thy syfinge ifogp:m thetorage
by the input neans, and registration neans

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.



whi ch accepts the storage in the storage neans if the
difference in capacity of syringe calculated by the
difference calculating neans is within a

predeterm ned range. The outside dianeter detecting

means neasures the outside i ameter of the syringe

hel d by the holding portion. The capacity cal cul ating
nmeans cal cul ates the capacity of the syringe based on

t he oblexitld siremsonr, tiie syrimge penpciredcoprdance with the

out si de di aneter detecting neans and the travel
eresante inyentilong prefex d cepprised sudsdde diameter

neasuring nmeans. At this time, in order. to calculate

ARECEXIRG: MPADE £PK MFSECHLNGS thee CBLEAAP (HamgtaR Af the
%ﬁﬂ%ﬁ!@%&%ﬁk%ﬁ RPoT o Bt LH o 1gidniagmeans
i nge,, T LI _thi, foSYLi |
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fes7a Giti%erenc y by

neans cal cu I n capaclt

medRal [Ad thR G3RAEI Widtahe B3C pldngdrahitbsubed '"t?y the
capacity calculating neans with the capacity of

gykitafice mBRABuringt ReahBPUdifEeRencd CalE@lat iR im¥ans for
nmeans accepts the storage of the outside dianeter of

sglicnjatings ar @l fiferienece betweda dhenelapacddiyectfi iyringe
nmeans, the travel distance of plunger nmeasured by the
¢adcadededehy hhengapaahty caldullad ingpeans\ansd ther¢apacity
i nput by the input neans in the storage neans if the

aff sErénge 1ppehjecithe dnpyfr magRseARd|zRESEyAation 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.



the difference calculating nmeans is within a
predeterm ned range. Thereby, a fear that the
operator stores the m staken data on the syringe in

t he storage neans can be elimnated. Al so, the storage
nmeans preferably conprises-a® imnitial syringe data
storage section which stores in advance predeterm ned
data including the outside dianmeters of predeterm ned

Syri ngkee diff farendeadalyuldt kndheansnthladiulaasd a difFerence
capacity of syringe and the travel distance of

phucgpacitwihy lcamrardsothet capheisyrofigeymiingsmctalculated
out si de di aneter. Thereby, for the syringe that has
byrdwigabashtyctalculatinghmeansiwith thecapaai tvhef syringe
initial syringe data storage section on the maker

ipput bhéhef brrut weans-or Tgﬁo????gs’flh%t%fm mgaps agfepts the
syringe in the storage neans by the operator hinself

Eé gé s‘aleﬂr’lp

Arage ofi thegoutside Grameter Hgomengured by the
DRAW, FIG .1 i | [ howi basi
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fadnsi £€;t1d ﬁif%e&%n@ebiﬁ%ﬁa@mﬁmﬁsyﬂ&ﬁgeacalculated by
configuration of storage nmeans and control nmeans in

g8heodtlffeeencehcaleul atbngi meahs of s twietire s Predetermined
Irzxgzt.l o'Ir‘]lzxereby, 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.



FIG 4 is a flowhart for illustrating a process for
storing a syringe into a syringe punp in accordance

with one enbodi ment of the present invention; and

FIG 5 is a flowhart for illustrating an operation

for injecting a chem cal sol’ution from a syringe by
using a syringe punp in accordance with one

enbodi mrent of the present invention. BEST MODE FOR

BRRRY| NESCRTPTHENl NYEWREONRAWISIGOMWMN in FIG 1, a

syringe punp 1 in accordance with an enbodi ment of

t he pFé€edtis anexplandtwivvibew showinggebpaip conshruztion
and a syringe holding portion 3 provided on the side

ofr fa8¥ETdRgehPURDr L RgRCpeRPance \Wwith /ane emhrdimgniGof the
2, the syringe holding portion 3 has a concave 3a
RE¢SRYLa 1BYBBTLARNI Al | y semicircul ar shape in cross

et 8L SRR B AR kb b A amorer
. As [ ELG 1 I 8 ..4b [
G858 BKIpsineas; 18 Recbanabig et ok Bnooqifgp Y 6 he
presade fnvdRelBf, % pldba S rid Ey2YhbRIGsal ddtPS1ge;
aving a pierting rnstrunent 4c-at Fts o stal en

i s COﬁﬁcgt@disAhselockh81§§£5m9§héwmﬁﬁ 8 £bAPY§uEtibn of
the proximal end of outer “cylinder thereof. In an

gtibzhge mdgaspand eonirollhteans Ge atdodidag cROkiitdN one
3, a syringe size sensor 5 is provided as outside

dmbodtimentdeffethenpresent. iAvesitdom;in FIGS. 2(a) and
2(b), the syringe

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



size sensor 5 includes an armportion 5a, a shaft 5b,

and a support 5c. The proxinmal end of the an portion

5a is rotatably connected to the support 5c by the

shaft 5b so as to intersect _perpendicularly to the

axi s of the syringe 4. The's?rrnge 4 is held between
the armportion 5a and the syringe holding portion 3.

The syringe size sensor 5 detects the outside

dbahevingoa gaskeyriaget 4ty desresl cdnd hiss rigtssrited in the
angle of the shaft 5b. Also, as shown in FIG 1, a
s¥cinggu ar Tp thepgdgtepandgf the syrpngeidded tiube 4@ having
body side surface so as to be parallel wth the axia
aiiangigg brstrement dept 4ts|digtal epddispnnected. Also,
glunger Eresser 6 havi ng adﬁéun er clanp 6a at its

her s¥ringg f£shasa ikan9e oif (e hoRTAILIMAY an ofouter

Th l.ung clanp 6a can be engaged with the rear end
Syiéﬁgeﬁlgh85F°ib. In the proximal end portion of the

Po berh APFTEFaR enst BSLEIN Ry cB2 vk Mg hafdigd B eion

openi ng

@megyzﬁ%é?sgg%%&f@ SN 8 ou 2 &S%‘g‘ldigéneter

sCrew e e opening 2a are provi

HetbetRagaldls W Al &3¢k AhPics AlY@) 4R 2qR9NI B $¥ringe

guides 9 the plunger presser 6 so that the plunger
piieesséenSot S5 MneXhdés drharaxipelrtdiohe6hi, 0oa shattieswaldnd a
screw nenber 7. Therefore, the rotation of the

slppget Sur.esThe praarimaldehdefhitie asnpewt ionArels Totatably
inhibited. At the distal end of the ball screw nenber
zonperitedekp Ahgeswppart \Ra hyt the ghaftghb sp geato dntersect

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



installed to a notor 9 neshes. The ball screw nenber 7

is rotated by the notor 9 via the gears 8a and 8b.

The rotational notion of the notor 9 is converted to

a linear notion of the plunger presser 6 noving in

the axial direction of the bdllT screw nenber 7 by the
screw hole 6b via the ball screw nenber 7. In this
enbodi nent, the opening 2a, the plunger presser 6,

tthe piuhgerrpwessemhér s3, that tJenpd B@eanprélssennd ishaoved
notor 9 constitute plun er pressing neans. Travel

dmothe agdaddirgriiemofitheballiscrewmmempent7 . | Therefore,
a_contact 10a and a linear potentiometer 10b. The

CU RBERYBN o7 ) SUOIIA Dprossd ROV Profiakh sorew

d f. th 6. Al
F“iréﬂ‘é’ggoﬁo SnitetEeds 0B snfr 835800 prd FE e e screw
93 5 A el LS i AN, B
t &0 h
%F*@nt%érleﬁr zgsérﬁg@kgﬂge@ﬁéﬂggafﬁﬁfﬁsrov.éafznember 7 is
3% aRledNIE thR SRS 98 £ ‘tﬁ%sgé%ihré B8 4ndB®. The rotational
potenti onmeter 10b. The elecirical resistance of the

mot@ah 8Pt EHE MORIreD idWowherges 1 @1 dhaartMotién of the
position of the contact 10a, by which the travel

plangeroprebsepl 6ingerinkp irs thet agtiad. difecthohhef the ball
distal end portion of the ball screw nenber 7, a |oad
semreyr mébeéxs Hhbyvibedazew hollel 6bndialdhecbahd seizew member
Wien t he gasket 4a noves to the distal end of the

dyringe 4,

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.



t he plunger 4b cannot nove in the distal end direction
of the syringe 4, so that a load is applied to the
rotation of the ball screM/nenber 7 caused by the
notor 9. The | oad sensor ﬁetects the fact that the
gasket 4a has been noved to } di stal end of the
syringe 4 by this load. A display section 12 is
provi ded on the syringe punp body 2. The display
secti dn tReddiptalsemd gpittion sof eehre ekl sdiew member 7,
out si de dianeter of the syringe 4 held by the syringe
lWole@rdgsenseri bh i3 proyvidedeasf dhakal, endadetesiing means.
di stance of the plunger 4b, the cap a0|2¥ of the
Wﬁmgee@aw t4fe MOVIRS, tmqt%éiis%ﬁrqhg@ pﬁnﬁheowriznge 4,
EUt section 13 is provided as | nput neans.
PhpRgeTth CaRNOE MeYR ’d’aﬁ&&u 4strl iand %FFE&&%‘ of the
and t he nane r In_this
SN5amotetr S8sthab i Tordhia Sppifgn oophf Fosationof the
[ S r Syr eqpu
435, 142l pUREEEPE B T NS Hob9°oPU B O haox

glit ﬁbqgctg:‘ﬁﬂ% @fthtaQetﬁéréé‘%lg et ad Bad B@}éﬁl ﬂoved to the

i stance o unger capacity o

AisitRAe ehd @&dthees?ﬁagef amperndls 1@ .syringe 4.
Al so, the RAM disc 14a is provided with a battery so

as toArmigspldynstbeishange myveniddd ohetpe Wi ise pampibody
the syringe punp 1 is turned off. Also, the

2ot aThendisppardsettidre IdtdispPlays cordetdiirggl sdneen menu,
nmotor encoder 15. - 11 In this enbodi ment, the
g:)hq' qwtsjﬁﬂg@imyelzog dhessyinge 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 l4a 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.



ROM 17, a CPU 18, and a RAM 19. In the ROM 17, there

are witten a distance cal culation programl7a, a
capacity cal cul ation progran117b, a difference

cal cul ati on program 17c, ﬁﬂlstration program 17d,

and a control progran117e ith are executed by

using the CPU 18 and the RAM 19. The di stance

cal cul ation program 17a cal cul ates the travel

di st ainethis tdmbqrlimeger, 4hef syminge pampnbodgcaleontains a
position to the syringe distal end position based on

ROM tl7aval CP¥dént andt puRAMy @M.t he travel anount

detecting neans 10 and the |oad sensor 11 (in this
enbodiRefte ROMeljostherp are wristant 2 sHletanse @lculation

maxi mum scal e g03|t|on to the syrin di stal end
PESgFaBN} 7a TRORRAGETY ya&grl&mt&mowgww driby 7@ difference

BRI S BpaReast A AL F o SRt FoRei (e and a
UoganeotBbeuhl 0 AN AR Lo ANLA G QUiREIEne cru 10

lamet er syrfnge measur e SyT1nge

%hé?t%%niﬂh P u3|ng Equation (1) descrlbed bel ow.
Equation ? is a constant val ue determ ned

con3| @ﬁél Bﬂstbﬁée“@blcﬁb&’éf@ﬁsﬁre\%réﬁel 94" cA%8utat¥s=the
(D - X t)2 x ax L4 .. ere, V. calcul ated
Q&aar@lt Yii[9t afffeas blfedheubaudgedl apefreom the a@eliffii RGle
wal | thickness data of syringe L: travel distance of
plosidgdion 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



12 The difference cal culation program 17c cal cul ates

a difference in capacity by conparing the capacity of
syringe 4 input by the input section 13 with the
capacity of syringe 4 calculated by the capacity

cal cul ation program 17b. I¥ Yhe difference in capacity

cal culated by the difference calculation program17c

is within a predeternmi ned range, the registration

pr ogrBhe ldiif ferente chakculatiboe mfodir@molL’Si da@lculates a
di aneter of the syringe 4, the travel distance of the
gliififgaencébint ¢apaciia ibyy cofipanéngythageapacihtyl dfhesyringe
nane of maker of the syringe 4 in the RAM disc 1l4a.

A inpat by thecdpput psecpben tid wilshothe itapaeity of syringe
predeterm ned _range, the registration program 17d
fefadeylatedsbyr ke sprprétyuralanlatifpt Programmd7b.

S L oPE phgasteranie tnGabaclEy cRleulGHRalY Fhe ALesetence
th i 4 | h M dj 14a., T |
EATCRAATIOn RERTTANd TShie A B AobredS s 60RLh8 mange . the
Fa AT < T . :
£05Tes Ty Bh bhoGeb LAY Bl OEhE PR e $P R Buts1ae
a9BheteseSE 't‘i’l‘é ;?_riﬁbéql, rhedet Srei %@t@ﬂ& Bﬁnﬁilétﬂl'ﬂﬂlger

of the outside dianeters of a plurality of syringés

4b ,a8Het B&pééﬂt’f'oﬂit&ie'i%g&in_@% 1heaff UNYE mathe V¥ Glaker of
correspond to each outside dianeter, the capacity of
the syytriinuyed 4n theRAMAisadanf DRkhe Qiff fidrency inmapatity
are witten in advance in the ROM 17 as an initi al
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 1l4a.

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.



syringe data storage section 14b. That is to say, in
this enbodinent, a part of the ROM 17 constitutes a
part of the storage nmeans 14. 13 1In this enbodi nent,

the notor encoder 15, the 17, the CPU 18, and the
RAM 19 constitute control T S 16. Next, a process

for storing the syringe 4 in the syringe punp 1 of

this enbodinent will be described with reference to

FI GS. I, tiBisrembiodfent, thee mpdesr esmodeg 15, ttie ROM 17,
%rln punp 1 is turned on. Then, the control

ghece Hslﬁo gndpthe Wré9acgestr-ﬁgtenggatrgls@pémSedG

Then, the control proceeds to Step 2, where the
capacl?‘?’ﬁt de%&FPEG&So?P’F I‘Fé°§éé‘l9et16? Sclﬂé“s%ﬂ ﬂnb’é thesyringe
of . maker thesrlne4are|

PH’BBt s% t ks ‘%b° t?‘orgtfgﬁence

he_gas et 48 |s puI | ed beyond the maxi mum
i?a%EEOSﬁfl n3a 4t he pl unger 4b. Then, the control

P oo fit 0 ke BBt ol Bro VB W bd BBl ¥ runea
BhOCOfdlen [ Ormd eébr?trdﬁ‘ e%foéé&lso‘ﬂos'ﬁ%pd'la”%%rre(’fa 'sa% ting

syringe 4 is nmeasured by the syringe siZe sensor

hedk id Be1eeBElQ! THERSEHS déhttEPpocwBakeLd Beedi 3| where
end of the gasket 4a is set at the maxi num scal e

phei tapacbty ddecrsibedign #hbyscgks aifl thet Seringet4 and the
section 13. If the distal end of the plunger 4b is
baneght nake)xf af bee¢@uringe dwaenimput 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



scal e position by a m staken operation of the input
section 13, the control returns to Step 3. After the

di stal end of the plunger 4b has been set at the

maxi mum scal e position, the control proceeds to Step

7, where the maxi mum scal e'pJo ition is stored in the

RAM 19. Also, the notor 9 rotates the ball screw

menber 7 via the gears 8a and 8b whil e being

byrthe mo¢drieénchdder 1S ,nepd dhaintbe @luigersprebabrii@resses
pl unger presser 6 presses the plunger 4b. Next, the

Ehat pbingencdrds Nextst the Sonkrek proeeeldsatiooftep8, where
ball screw nenber 7 is nonitored by the | oad sensor

Ihe: Joad e thieebRdd BEravimemRer)Jsitst manl hasedRe dhe load
the distal end of the syrin If the |oad an the

4,
BSPEOL] L qaddle Yhethgr SEMRE Fhe BREKESAdA R dloved to
h t | d St 9, wh th t 9
%Iéés?aj%eaé "eB8. 08, BhECSTFIB9 T he’ bl unger 4b by t he
6, | |
P LnoFE PR PEka op thd WalOHLAN WiGndd 7 39 f¥rectea by

t t t [
t@ﬁ@ 1Gha 'SRingdiS11t Ol %%néz’goqngitgsggﬁse ﬂgg SQ'éS)lsﬂ Néh&fe the

e plunger 4b 1's continu ntr

Rbeeeedsid & tIppedl@o %ﬁg%f&@sﬁ@idﬂ efe Piuh8€r 4b by the
pl unger 4b at the tine en it is detected by the | oad

ptuagerlprebaert be gBSkigie 4bodthomited bad If Ber@dvs nember 7
end of the syringe 4 is output by the contact 10a and
ihenbtndaetecpedchy i Unetbvad ensidrell . t thet candirol returns
di stance of the plunger 4b is calculated by the
GpStearce. endhenas bie pregsingrifatpepdyngen 4thts eeritdmwed -

scal e position stored in the RAM 19 and the
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



position output by the |oad sensor 11. Next, the

control proceeds to Step 11, where the capacity of

the syringe 4 is calculated by the capacity

cal cul ation program 17b baseP on the outside dianeter

of the syringe 4 neasured by I he syringe size sensor

5 and the travel distance of the plunger 4b

cal cul ated by the distance cal cul ati on program 1l7a.

Tadeulathencpnogoampt Br eddd the Stagadity imgpud bhiethe input

di fference cal culation program 17c cal cul ates a

gerctdoandd Py &thgacbeyratey donSiepnd-the capacity

cal cul ated by the capacity - 15 cal cul ati on program

17b vNeRtt hif chpacdd ??&RﬁekﬁthﬂPQQﬁﬁX caderliatied Py the
' if th ifference in

%&gﬁfﬁ?} Brelruldyd %S?Fﬁwr;m i?srieﬁqyﬁegmpaﬁ ermined
detr bhEoredi Bt anied BEEUEF 1] Faodptidng Hrarage of
ceaagsw@sfa@raataﬁ{et@r oL RS gh TR RO e ovringe

I nge Size sensor capacil Syringe

‘Qﬁ'z@hsé:ﬂ’éélegpoﬂ?@ catp%ctil?% St 3ie d%yf’iﬁé@he&hféh U@ﬁ.‘responds

syringe 4 and is input in Step he nane of naker
@b the siNd e a4 anleitelr b Bidlislydingel #RiHid 1|sn1§f>ﬁﬂ #n Step

and the travel distance of the plunger 4b cal cul ated
Ry the ndimet afaealoat offl the @yringg amhbith i ¢iwi Ry input
disc 14a. Inversely, if the difference in capacity is
dotStép 2heandtbeactmave hddstange,oft hhe pdgingeradb alculated
og@an117d refuses the storage of the outside
e digfangr calquigtion pregEapatiayin ¢het RaM disc l4a.

r|n%e 4 which_ corresponds tqQ the outside dianeter
ely, 1f the d:\.f erence 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.



of the syringe 4, the nanme of maker of the syringe 4,
and the travel distance of the plunger 4b in the RAM
di sc 14a. Next, the display section 12 displays the
result of whether or not the outside dianeter of the
syringe 4, the capacity ot }®e syringe 4 which
corresponds to the outside dianeter of the syringe 4,
t he nane of maeker of the syringe 4, and the travel

di st aNertofa cheephhegera phthane bedm j¥atieallwithtdehdiflcal
di sc 14a. Thus, the process for storing the syringe 4
isolultdogyby ngeingtine Syringenpum ddof- thfs émbddiment will
case where a patient is injected with a chem cal

bel describeduvitlh refergncegdopEdESt af and S.

enbodi ment will be described with reference to FIGS.

1 andF3Tstj rdie PPHEIPSORFCE iR heosyEhrae pumpyd bufwprned
1is turned. on. Then, the control Err)oceeds to St

?fl,- WhBER: the gwﬁhagé’mzpmql%&om o WhekPcthe Syringe
i i b h i hol di i .
%Egﬁ, 1833 theHBe poniedl s088radtils Wefl ity Yhe’ symance
! i .
Bo1HAG plelB8 SV Gyt e SEAESE doddifs |G Step 22,

Waeke thBenQid Sdf Sndli AL ngf swinggrhn_gﬁ deiécted by the

neasured by the syringe size sensof 5. e capacity

Ahputes Sotidife34 Q€S PABHEJME rdI0ptbEe 88T SEbp 23, where
out si de dianeter of the syringe 4 and the travel

dhetaneei & didmepetvgethd bysiagdi4sps mpadudedihethe syringe
di splay section 12. Then, the control proceeds to
Stige 84nsome’e tThe dapacity 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



rate per predeterm ned tinme of chem cal solution

injected from the syringe 4 is set. Next, the contro
proceeds to Step 25, where the piercing instrunent 4c

is connected to the patient._ _Then, the control

proceeds to Step 26, wher e” thé Tnjection is started

by the operation of the input section 13. According to
the syringe punp of this enbodinment, a syringe that
ithessyringel4 thatais wommgacdialll yaadaftablenat thegeindwhen
desi gn change or renodeling can be stored. Also, if

tthe syaringgpunp is mamekf asttared and the cRpbicditycolts sponding
information stored in the RAMdisc 14a can be read

texthe putsifg Glaned@rein pdvange imbhe ROM k7 othg operator s
syringe can be used w thout troubl esone

burdenqg ofdinPuttd ngp&oRt Peneagedo, according to the

out si 48 tafLBmepalpernt 1 FheayFinde Rjmd 4 o, o example,
ey s S _
SHER i A peCh8 it otnde eBne J he dieh ik atned.
| j ' d iR qth 7
R R R L B S
e ZB 3 o sh fehibiry19RnP YR 1LaiS idi%c,§ Fan R Rised.

the RAM di sc 14a as the storage neans 14 has been

expl anmgd., ihOVRYEMemBOYLMERE A0Ehd!NEyridgé p¥mp 1 in which
witable, such as a magnetic disc, a flash nenory, an
ahie dalitdaicsyrcingéalatsedtoiiayy sie ttilons 1abbbsipmotided in
the syringe punp 1 in which the initial syringe data
gther BGY kEdasobheenexpl ained dedoweveirhe tReM it halb syringe

been expl ai ned. 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



data storage section 14b may be provi ded at anot her

pl ace, for exanple, on the RAMdisc 14a. Also, in
this enbodi nent, the syringe punp 1 provided wth the
contact 10a and the linear potentioneter 10b as the
travel anount detecting meand has been expl ai ned.
However, in place of providing the contact 10a and
the linear potentionmeter 10b, the travel anount of
tiraveludhetaney dfethdgilbhniger by detechingnghthe rotational
rotational speed of the notor by using the notor
epeedecoflBhel stepi motasefrometiesnamber oél pullaesoen
program cal cul ates the travel distance of the plunger
fromthe rotational speed based on the screw pitch of
the ball screw nenber 7. Also, in place of providing

LNRUSTRA AL APPHACARILLEE | i near potentloneter 10b a

used i nstead of the notor

et cAET TS Ty BBePEES ipwepé;&yndelaeémggﬁhéhat is
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AP o ReR TR aPE, Fee o ds JrF ;o o hrink S’ Eengs¥ by, ggsion
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LHPYR g;@' éhnABBthéﬁ| Wi tMofiec QEGhBQeEBmEh%eﬁﬁ:iﬁﬁ?hdjusting

invenfion, a syringe that is w'y or a Syringe

W!pbha%i@hﬁeﬁé | tHatt hangedidyl etqsaagnnerﬁh @80eh 85 injection of
renodel i ng can be stored. Therefore, the stored

prtiene witth Aehemddal, tdnmdtt andlekesdmm jection of chemical
setting/adjusting operation, so that in nedica
spdatient canc heagcreopmpdticbadef



patient wth a chem cal, snooth and exact injection of
chem cal solution can be acconplished. 19 - SCOPE OF

CLAI M5 1. (Arended) A syringe punp conprising: a

hol di ng portion for holding a syringe provided with a
scale in its peripheral wafl 1907 checki ng the anount

of a chemcal solution filled therein; plunger

pressi ng neans for pressing and noving a pl unger

inserted in the syringecor® oroyxraams hol di ng portion,

in the axial direction to inject the chem ca

dol(amendeid) t Aesgyinggepumpntomprisang:for controlling
said plunger pressing nmeans so that said plunger
presséngohéing pertien for ldipg a cynings provied with
predet erm ned speed, travel anount detectin% nmeans for
deBeaidpndnt hiks tperdphermb walloforhehgrkiger thei amgunt of a

end detectin ans_ far detectlng the fact that the
Fherde Plh§§1%69€8 el dhergindnd of the syrlnge

i ot GRUERGEE TG BRaaRCI 7 PRECALIBA G MO AN LR Rpoes
IR cofleh ROUe (AR pLBA LY NG A YOG IRBOURYEH (91 ehe

sta y causin nger
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I's set at the maxi num scale position o

SYringgnt+61mdand $éALoRRGo2N 1hESa p \G€get BRUL sTRYHeans
capabl e of inputting the capacity of syringe;
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



and storage neans capable of storing the travel

di stance of plunger neasured by said distance
nmeasuri ng means and the capacity of syringe input by
said input nmeans, and 20 said control neans
conprising means for control#9ngy the injection of
chem cal solution in the syringe acconplished via
sai d plunger pressing nmeans based on the travel

di st agigafd cntidal medAgetompei § g eraME E¥radontolling the
syringe. 2. The syringe punp according to claim1
togpcitdbngof chémsidal dsabet bon dbi ditte sxynmisgyes aicaomplished
detecting the outside diameter of the syringe held by
viadgsabd dlvpgar pressingpneanyg kasedjoat thg tmwavel fdistance
cal culating the capacity of the syringe based on the

ofit §hgePdnagereands ther cagacddveefe§hepgysdngeout si de

di anet er detecting neans and the travel distance of

pl unger neasured by said di stance neasuring neans;

giffe ence cal cul ating neané}for

calculating a .
11 cFERCETELRIR RUPReaCaRan ey 5 SiRtAgL CoPertatag:
by sai.d: o £3881 Lo £aLCHLRLLDS FORRS 8oL 5o 8BREREY the
pu y sal and

of syringe | rAput neans,

BSGEEEEB&:[%G??%% PHL Gy AGHRPhe 1 By §"a‘1h§9@1¢{2€ ?i;d}:tion;

st orage neans “the difference in capacity o yr'inge
cal cubahgei by aldhid iRy ABERSCAYE BhaktudtiRdNehé Tapacity

within a predeterm ned range. 3. The syringe punp
af thiels Yt fige Bhseoh thebateideHiaheted Gf)8yringe 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



means conprises an initial syringe data storage
section which stores in advance predeterm ned data
i ncluding the outside dianmeters of predetermn ned
syringes of a plurality of kinds, and at |east the
capacity of syringe and the2®@8avel distance -20a- of
pl unger, which correspond to the syringe of each
outside di anet er. ABSTRACT Travel anount detecting
ot % agpH f I
4b dlli"?ef ewnrg%rg?gﬁ}% rlstgﬂbr?r]edaﬁg ?iie for ﬂ%getee%?lér?gfw piitside
d2ahetbat the plunger 4b has noved to the distal end
of a syringe 4, distance neasuring neans for neasuring
the travel distance of the plunger 4b, input nmeans 13
capable of inputting the capacity of the syringe 4,
and storage neans 14 capable of storing the neasured
travel distance of the plunger 4b and the i nput
capacity of the syringe 4 are provided. The contro
means 16 selects the travel distance of the plunger
4b corresponding to the input capacity fromthe
storage neans 14 and controls the injection of a
chem cal solution in the syringe 4 acconplished via
pl unger pressing neans based on the travel distance
of plunger and the capacity of syringe. Thereby, a
syringe punp can be provided which can be used for a
syringe that is sold newy or a syringe with a
di mensi on changed by desi gn change or renodeling.





