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I NFUSI ON PUVP

Technical Field
[ 0001]

The present i nventionrel atestoani nfusi onpunpfor feedi ng
medi ci nal solution and the Iike to a patient. Particularly,
the present invention relates to the infusion punp in which an
infusion tube is attached to the i nfusi on punp in a hori zont al

direction to feed |iquid.

Background Art
[ 0002]

An i nfusion punpis usedin, for exanple, anintensive care
unit (1CU) or the like, and applied to feed nmedi ci nal solution
to a patient for arelatively |long period wi th high accuracy.
Apredet er mi nednmedi ci nal sol uti onbag (i nfusi onbag) i sdi sposed
above the infusion punp, and an infusion tube hung fromthe
medi ci nal solution bag is sandwi ched between a mai n body and
an access door, and the i nfusi on tube is housed i nside the nain
body and hel d by cl osi ng t he access door. |nside the main body
of thei nfusi onpunp, anouter peripheral surfaceof theinfusion
tube set at a predeterm ned position is sandwi ched between a
plurality of fingers insidethe main body and an i nner surface

of theaccess door. Theinfusionpunpisaperistalticinfusion
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punp configuredto feed the nedicinal solution by sequentially
pressing t he out er peri pheral surface of theinfusiontubewth
thepluralityof fingersalongal engthdirectionbyindividually
driving the plurality of fingers of aliquidfeeddriving unit
(e.g., refer to Patent Literature 1).
[ 0003]

Accordingtotheinfusionpunpdi scl osedinPatent Literature
1, the infusion tube is held being vertically passed through
t hei nsi deof t hemai nbody of t hei nf usi onpunpfromabove downwar d.
Incontrast, therei saproposedinfusi onpunpi nwhi chani nfusion
tube is held being horizontally passed through the inside of
a mai n body of the infusion punp. A reason for adopting such
a configuration in which the infusion tube is held being
hori zontal | y passed t hrough t he i nsi de of the mai n body of the
infusion punp is that thereis anerit that the i nfusion tube
IS not obstructive even when a plurality of infusion punps is
heldinastatevertically stacked, di fferent fromthe infusion
punp in which the infusion tube is vertically passed through
t hei nsi deof t hemai nbody of t hei nf usi onpunpfromabove downwar d.
For instance, it is predeterm ned that an upstreamsi de of the
infusiontubeis set at aright-side portionwhen a person faces
t he mai n body of the infusion punp and a downstreamsi de of the
infusiontubeis set at aleft-side portion when a person faces
t he mai n body of t he i nfusi on punp. Inthis case, the nmedicinal

solution can be fed fromthe upstreamside to the downstream
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side in a predeterm ned feeding direction and can be correctly
fed to a patient by driving the liquid feed driving unit when
t he upstreamsi de of the infusiontubeis set at theright-side
portion of the mai n body of the infusion punp and t he downst ream
side of the infusion tube is set at the |eft-side portion of

the main body of the infusion punp.

Citation List
Patent Literature
[ 0004]

Patent Literature 1: JP 2010-200775 A

Summary of |nvention
Techni cal Probl em
[ 0005]

Meanwhi | e, ani nfusi onpunpincl udes abubbl edetectionunit
(bubbl e sensor) configured to detect whether a bubbl e exists
i nside the infusion tube. The bubble sensor includes an
ultrasonic transmttingunit and an ultrasonic receivingunit.
In a type of the infusion punp where an i nfusion tube is held
bei ng vertically passed through the inside of a main body of
t he i nfusi on punp, when a boundary between nedi ci nal sol ution
andair (bubbl e) passesaporti onwhereafl owpat hof thei nfusion
tube is narrowed at the bubbl e sensor, the nedicinal solution

directly flows downward in a state that |iquid surface of the
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medi ci nal solutionis spread over anentire part of the portion
where the flow path of the infusion tube is narrowed.
[ 0006]

Incontrast, inatypeof theinfusi onpunpwheretheinfusion
tube is held being horizontally passed through the inside of
a mai n body of the infusion punp, when t he boundary between t he
medi ci nal solutionandtheair (bubble) passestheportionwhere
the flow path of the infusion tube is narrowed at the bubble
sensor, the nedicinal solution (alsoreferredto as dropl et of
the nmedi ci nal solution) is partly caught at an inner surface
of theporti onwherethefl owpathof theinfusiontubeisnarrowed
and t he nedi ci nal solutionnmay partly remaininsidethe portion
where the flow path of the infusion tube is narrowed because
of influences fromsurface tension of the nmedicinal solution
and gravity.

When t he nmedi ci nal solution thus partly remains insidethe
portion where the fl ow path of the infusion tube is narrowed,
ultrasonic fromthe ultrasonic transmtting unit of the bubble
sensor istransmttedthrough apart of the remai ni ng nedi ci nal
solution and received by the ultrasonic receiving unit. Due
to this, the bubble sensor may determ ne that the nedicina
solutionexistsinsidetheinfusiontubeanderroneouslydetects
t hat t herei snobubbl eal t hought he bubbl eact ual | y exi stsi nsi de
the infusion tube.

Consi dering that, the present invention is directed to
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provi ding an infusion punp capabl e of preventing the bubble
sensor fromerroneously detecting existence of the bubble by
preventing the nmedi ci nal solutionfrompartly remaininginside
the portion where the fl owpath of theinfusiontubeis narrowed

by the bubbl e sensor.

Solution to Probl em
[ 0007]

Ani nfusi onpunpaccordi ngtothepresent i nventi oni ncl udes:
a mai n body; atube attachnment secti on di sposed i nside the main
body, where an infusion tube configured to feed nedi ci nal
solutiontoapatient sideisattachedinahorizontal direction
(lateral direction); aliquidfeeddrivingunit di sposedinside
t hemai nbody andconfi guredtofeedthenedicinal solutioninside
theinfusiontubeinalateral directionbypressingtheinfusion
tube in a state that the infusion tube is attached to the tube
attachnment section; an access cover nounted on the nmai n body
and configured to cover the infusion tube attached to the tube
attachnment secti on by bei ng cl osed; and a bubbl e detecti on unit
configuredto detect abubbleinsidetheinfusiontubeattached
to the tube attachnment section, wherein the bubble detection
unit includes a first nmenber di sposed at the access cover and
having an ultrasonic transmtting unit and a second nenber
di sposed at the main body and havi ng an ultrasonic receiving

unit configured to receive ultrasonic fromthe ultrasonic
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transmtting unit, and a second space to narrow a fl ow pat h of
the infusion tube on a nore downstream side than the bubble
detection unit of the infusiontubeis set smaller conparedto
afirst spacetonarrowthefl owpath of theinfusiontubebetween
the first nenber and t he second menber inastatethat the access
cover is closed.
[ 0008]
Accordingtothe above-descri bed configuration, the second
space to narrowthe fl owpath of the infusion tube onthe nore
downstreamsi de than t he bubbl e sensor is set smal |l er conpared
tothe first space to narrowthe fl owpath of the infusion tube
bet ween the first nenber and the second nenber. Therefore, a
stagnati on phenonenon at a liquid stagnant portion of the
medi ci nal sol uti on can be generated on the downstreamsi de of
t he bubbl e sensor i nstead of between the nenbers of the bubbl e
sensor. This is because surface tension of the nedicina
solution tends to break at a portion where a flowrate of the
nmedi ci nal solution rapidly changes. Therefore, the bubble
sensor is prevented fromerroneously detecting the liquid
st agnant portion because the so-called|iquidstagnant portion
of the nmedi ci nal solutionisnot|eft out betweenthefirst nenber
and the second nembers of the bubble sensor. Therefore, the
bubbl e sensor can be prevented from erroneously detecting
exi stence of the bubble by avoiding a part of the nedicina

solution remai ning i nside the portion where the fl ow path of
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the infusion tube is narrowed by the bubble sensor.
[ 0009]

Preferably, the first nmenber includes a base portion, a
projectingcurved surface portionfornmedinaprojecting manner
fromthe base portion, and a projecting portion fornmed in a
pr oj ecti ng manner ont he nore downstreamsi dethanthe projecting
curved surface portion to set the second space, and t he second
menber i ncl udes a projecting curved surface portion facingthe
projecting curved surface portion of the first menber and
configured to set the first space.

Wth this configuration, the projectingportionto set the
second space is integrally forned with the first nenber, and
t herefore, the nunber of conponents can be reduced conpared to
a case wherethe projecting portionis separately provided from
the first menber.

[0010]

Preferably, a projecting height of the projecting portion
fromthe base portion of the first nmenber is set higher than
a projecting height of the projecting curved surface portion
fromthe base portion.

Wth this configuration, the second space forned by the
projecting portion can be set smaller than the first space of
t he bubbl e sensor only by disposing the first nenber.

[0011]

Preferably, the display unit and the operation panel are
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di sposed at an upper portion of the main body, and the tube
attachnment section, theliquidfeeddrivingunit, andthe access
cover are disposed at a |lower portion of the main body.
Wth this configuration, a nmedical staff can attach the
i nfusion tube to the tube attachnment section while confirmng
i nformation onthe display unit at the upper portion of the main
body, and then can cl oset he access cover. Further, the nedical
staff can operate the operating buttons at the operati on panel
whileconfirm ngtheinformati ononthedisplayunit at theupper

portion of the main body cover.

Advant ageous Effects of Invention
[0012]

The present i nvention can provi de an i nfusi on punp capabl e
of preventi ngabubbl esensor fromerroneouslydetectingahbubble
by avoiding a | ast part of adm nistered nmedicinal solution
remai ni ng i nside aportionwhere aflowpath of aninfusiontube

is narrowed by the bubble sensor

Brief Description of Draw ngs
[0013]
Fig. 1 is a perspective viewillustrating a preferred
enbodi ment of an infusion punp according to the present
i nventi on.

Fig. 2is aperspectiveviewillustratingtheinfusion punp
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illustrated in Fig. 1, viewed from Wdirection.

Fig. 3is aperspectiveviewillustratingatube attachment
sectionfor attachi ngani nfusi ontubeby openi nganaccess cover
of the infusion punp illustrated in Figs. 1 and 2.

Fig. 4isadiagramillustratinganelectrical configuration
of the infusion punp.

Fig. 5is aperspective viewillustrating an enl arged vi ew
of a |l ower portion of a main body and the access cover of the
infusion punp illustrated in Fig. 3.

Fig. 6isadiagramillustratingacross-sectiontakenal ong
| i ne E- E when t he access cover covers the | ower portion of the
main body as illustrated in Figs. 1 and 2.

Fig. 7isaperspectiveviewillustratingaformof apushing
menber .

Fig. 8(A) is adiagramillustrating behavior of nedicinal
solutioninsidethe infusiontubeinthe case of using a bubble
sensor illustrating in Fig. 6 according to the enbodi nent of
the present invention. Fig. 8(B) isadiagramillustratingthe
behavi or of the nedicinal solutioninsidetheinfusiontubein
t he case of usi ngabubbl esensorinarelatedart asaconparative
exanpl e.

Figs. 9(A) and 9(B) are diagrams illustrating a state in
whi ch a | i quid stagnant portion of the nedicinal liquidis not
generated and a state in which the liquid stagnant portionis

gener at ed when a fl ow pat h of the i nfusion tube i s narrowed by
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t he i nfusi on tube by bei ng pressed by the bubbl e sensor in the

related art.

Description of Enbodi nments
[ 0014]

In the followi ng, a preferred enbodi nrent of the present
invention will be described in detail with reference to
acconpanyi ng dr aw ngs.

Not e t hat the enbodi ment descri bed bel ow contai ns vari ous
technical preferredlimtations for being a preferabl e exanpl e
of the present invention, but atechnical scope of the present
inventionisnot limtedthereto unl ess otherw se particularly
specified to limt the present invention in the follow ng
descri ption.

Fig. 1 is a perspective viewillustrating a preferred
enbodi ment of ani nfusi onpunpaccordingtothepresent invention.
Fig. 2 is a perspective viewillustrating the infusion punp
illustrated in Fig. 1, viewed from Wdirection.

An infusion punp 1 illustrated in Figs. 1 and 2 is used,
for exanple, inanintensive care unit (ICU CCU N CU) andthe
l'i ke, andisacontinuousm cro-injectionpunpusedforinjecting
a m cro anount of medi ci nal sol ution, such as anti cancer drugs,
anest heti cs, achenot herapeuti c agents, bl oodto betransfused,
and nutritional supplenents, to a patient with high accuracy

for arelatively long tinme. The nedicinal solutionto be used
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i s selected froma nedi ci nal solutionlibrary, andtheinfusion
punp 1 is used to feed the sel ected nedicinal solution. The
medi ci nal solutionlibraryisinformationof nedicinal solution
whi ch corresponds to adm nistering setting groups of the
medi ci nal solution including names of nedicinal solution
prelimnarily registered in a nmedicinal solution library
dat abase (DB). Anedi cal staff cansel ect t henedi ci nal sol ution
and set t he nedicinal solution by using the nedicinal solution
l'i brary wi t hout executing conmplicated adm nistration setting
I n each case.

[ 0015]

AsillustratedinFI G 2, theinfusionpunplcanaccurately
feed liquid to a patient P froma nedicinal solution bag 170
filled with nedicinal solution 171 through a forceps 179, an
i nfusi ontube 200, andani ntravenous cannul al72. Thenedicina
solutionis alsoreferred to as infusion fluid. The infusion
tube is also referred to as an infusion |ine.

The i nfusi on punp 1incl udes a mai n body cover 2 and a handl e
2T, and the handl e 2T can be extended in Ndirection and can
be housed in a feeding direction T. The main body cover 2 is
alsoreferred to as a main body, and integrally forned froma
nol ded resi n mat eri al havi ng chem cal resistance, and i ncl udes
a spl ash proof structure whereby nedi cinal solutionor thelike
can be prevented fromentering the inside of the infusion punp

1 even when t he nedicinal solutionor thelikeis splashed. The
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mai n body cover 2isthus providedw ththesplashproof structure
because there is possibility that nedicinal solution 171
contai nedi nthenedi ci nal solutionbag170di sposedabovespills,
or disinfectant or the |like used nearby spl ashes and adheres.
[0016]

First, elements di sposed at the main body cover 2 of the
infusion punp 1 will be descri bed.

As illustrated in Figs. 1 and 2, a display unit 3 and an
operation panel 4 are disposed at an upper portion 2A of the
mai n body cover 2. The display unit 3 is animage display unit
usi ng, for exanpl e, adisplay unit of acolor LCD. The display
unit 3 can display not only information representation in
Japanese | anguage but al so information representation in a
plurality of foreign | anguages as needed. The display unit 3
is located at an upper left position of the upper portion 2A
of the main body cover 2, and di sposed on an upper side of an
access cover 5.

The upper portion 2A of the main body cover 2 is an upper
hal f portion of the main body cover 2. A lower portion 2B of
the main body cover 2 is alower half portion of the main body
cover 2. InFig. 2, the display unit 3 displays, for exanple,
a schedul ed amobunt of nedicinal solution adm nistration (mnlL)
at adisplayfield3B, anintegratedanount of nedi ci nal sol ution
adm nistration (mL.) at a display field 3C, a charge history at

adisplay field 3D, and aflowrate (nmL) at a display field 3E,
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etc., but the display unit 3illustratedinFIG 1omts these
di spl ay contents for sinplifyingthedraw ng. Thedisplayunit
3 al so can di spl ay a war ni ng nessage besi des t he above- nenti oned
i nf or mati on.
[0017]

The operation panel 4 is disposed on a right side of the
di splay unit 3 at the upper portion 2A of the main body 2.
Accordingtothe exanpleinthe drawi ng, apilot | anp 4A, afast
feedingswitchbutton4B, astart switchbutton4C, astopsw tch
button 4D, a menu sel ect button 4E, a power switch 4F, etc. are
provi ded on t he operati on panel 4 as the exanpl es of operation
but t ons.
[0018]

AsillustratedinFig. 1, the access cover 5as acover nmenber
is provided at the | ower portion 2B of the main body cover 2
i n an openabl e manner in R-direction, centering arotary shaft
5A. The access cover 5is the plate-like cover nenber forned
in along shape al ong X-direction. A tube attachnment section
50 and a liquid feed driving unit 60 are di sposed on an i nner
si de of the access cover 5. At the tube attachnent section 50,
the infusion tube 200 nmade of a flexible thernoplastic resin
such as fl exi bl e pol yvinyl chloride or thelikeis set, and the
i nfusion tube 200 can be horizontally attached to the tube
attachment section 50 in X-direction (feeding direction T) by

cl osing the access cover 5.
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Not et hat X-direction, Y-direction, andZ-directioninFigs
1 and 2 are orthogonal to one another, and the Z-direction is
avertical direction. TheX-directionisparallel tothefeeding
directionTandcorrespondstoal ateral directionof theinfusion
punpl. TheY-directionisafront-backdirectionoftheinfusion
punp 1.

[0019]

InFig. 3, theaccesscover 50f theinfusionpunplillustrated
in Figs. 1 and 2 is opened and the tube attachnment section 50
for attachi ng the i nfusion tube 200 and the |iquid feed driving
unit 60 are illustrated.

As illustrated in Fig. 3, the tube attachnent section 50
and theliquidfeeddriving unit 60 are di sposed at a mai n body
| ower portion 1B (Il ower portion 2B of the main body cover 2)
of the infusion punp 1, and the tube attachment secti on 50 and
liquidfeeddrivingunit 60 arearranged al ong X-di recti on bel ow
thedi spl ayunit 3andtheoperati onpanel 4. Thetubeattachnent
section 50 and the liquid feed driving unit 60 can be covered
by the access cover 5 when the access cover 5 is closed in
CR-direction, centering therotary shaft 5A, asillustratedin
Fig. 2.

[ 0020]

The medi cal staff can attach the i nfusion tube 200 to the

t ube attachnent section 50 whil e confirm ngthe information on

the di splay unit 3 at t he upper portion 2A of the mai n body cover
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2, and can cl ose t he access cover 5. Further, the nedi cal staff
can operat et he operating buttons onthe operation panel 4 while
confirmng the informati on on the display unit 3 at the upper
porti on2Aof themai nbody cover 2. Thiscaninproveoperability
of the infusion punp 1 at a nedical site.

As illustrated in Fig. 3, the tube attachnent section 50
i ncl udes a bubbl e detection unit 51, an upstreambl ock sensor
52, a downstreambl ock sensor 53, a tube clanp unit 270, afirst
i nfusi ontubegui deunit 54ontheright side, andasecondi nf usi on
tube guide unit 55 on the left side.
[ 0021]

AsillustratedinFig. 3, aninfusiontubesettingdirection
di splayunit 150i sprovi dedat t hevicinityof thetubeattachnment
section 50 in order to clearly indicate the correct feeding
direction T at the tine of setting the infusion tube 200. The
i nfusi ontubesettingdirectiondisplayunit 150is, for exanpl e,
formed of aplurality of arrows 151. The i nfusion tube setting
directiondisplayunit 150 may be, for exanple, directly printed
at a |l ower portion of the tube attachnent section 50, or may
be printed on a sticker-Iike nenber so as to be pasted on the
| ower portion of the tube attachnent section 50. The infusion
tube setting direction display unit 150 is disposed in order
toclearly indicate the correct direction of feeding direction
(feeding direction T) of the nedicinal solution 171 by the

i nfusi on tube 200 set on the i nner side of the access cover 5.
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Wth this configuration, the feeding direction T of the
medi ci nal solution by the infusion tube 200 can be clearly
i ndi cat ed when the nedi cal staff opens the access cover 5 of
Fig. 3in CS-direction and expose the tube attachnent section
50toattachtheinfusiontube200tothetubeattachnment section
50. Therefore, the nedical staff can prevent the i nfusiontube
200 frombeing incorrectly attached in an opposite direction
whi | e visual confirm ng.
[0022]

Next, an exenplary structure of the access cover 5
illustrated in Fig. 3 will be described.

AsillustratedinFig. 3, theaccesscover 5istheplate-like
menber nmade of a thin nol ded resin nenber for reduci ng a wei ght
of theinfusionpunpl. This canreducethe weight of the access
cover 5 and can also sinplify the structure. The access cover
5 can be opened and closed in CS-direction and CR-direction,
centering the rotary shaft 5A such that the access cover 5 can
cover the tube attachnment section50andtheliquidfeeddriving
unit 60. More specifically, the access cover 5 is supported
with two hinges 2H, 2Hw th respect to the | ower portion 2B of
themai nbody 2. Thetwo hi nges 2H, 2Har e di sposed corr espondi ng
toafirst hook nenmber 5Dand a second hook menber 5Er especti vel y.
[ 0023]

AsillustratedinFig. 3, an open/cl ose operation|ever 260

i s di sposed at an upper right portion onthe front surface side
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of the access cover 5. An infusion tube pressing menber 500,
thefirst hook menber 5D, andt he second hook menber 5Ear edi sposed
on an i nner surface side of the access cover 5. The infusion
tube pressing nenber 500 is disposed along X-direction as a
rectangul ar and pl anner shaped projecting portion, and the

i nf usi ont ube pressi ngmenber 500i s positionedfacingtheliquid
feed driving unit 60. The infusion tube pressing nenber 500
hasafl at faceal ongtheliquidfeeddrivingunit 60inX-direction,
and t he i nf usi on t ube pressi ng menber 500is configuredto press
and sandwi ch a part of the infusion tube 200 in a space with
the liquid feed driving unit 60 by cl osing the access cover 5
in CR-direction.

The nmedi cal staff can set the infusiontube 200 at the | ower
hal f portion 2B of the main body 2 of the infusion punp 1 in
the horizontal direction while confirm ng indicated contents
di spl ayed on the display unit 3, and t he i nfusi on tube 200 can
be covered by closing the access cover 5 in CR-direction as
illustratedinFigs. 1and 2 after the infusion tube 200 is set
to the tube attachnent section 50 and the liquid feed driving
unit 60.

[ 0024]

As illustratedinFig. 3, therespective first hook menber
5D and second hook nmenber 5E are nechani cal |l y hooked at fi xi ng
portions 1D, 1IEonthenai nbody | ower portionlBsideinparallel,

t hereby t he access cover 5 keepi ng the tube attachnent section
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50 and the liquid feed driving unit 60 at the nmai n body | ower
portionlBinaclosedstateasillustratedinFig. 2. Thefirst
hook nenber 5D, second hook nmenmber 5E, and fi xing portions 1D,
1E on the mai n body | ower portion 1B side constitute a double
hook structure 300 of the access cover 5.
[ 0025]

Atubeclanpunit 270illustratedinFig. 3clanps and bl ocks
a m ddl e portion of the infusiontube 200 by cl osing the access
cover 5. The tube clanp unit 270 is dispose in the vicinity
of the left-side fixing portion 1E at a position correspondi ng
tothe left-side second hook menber 5E. \Wen t he nmedi cal staff
hori zontal |y sets the i nfusion tube 200 in X-direction and the
nmedi cal staff closes the access cover 5in CR-direction, the
tube clanmp unit 270 can bl ock a part of the m ddle part of the
i nfusi on tube 200.
[ 0026]

AsillustratedinFig. 3, thefirst infusiontube guideunit
54 i s di sposed onthe right-side portion of the nmai n body | ower
portion 1Bandthe secondi nfusiontubeguideunit 55is di sposed
onthe left-side portion of the main body | ower portion 1B when
t he person faces the mai n body. The first infusion tube guide
unit 54canbehel dbyfittinganupstreamsi de 200Aof t hei nfusion
t ube 200, and t he second i nfusi on t ube gui de unit 55 can be hel d
by fitti ng a downstreamsi de 200B of t he i nfusi on tube 200, and

the i nfusiontube 200is heldinthe horizontal direction al ong
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X-direction. The infusion tube 200 thus horizontally heldis
fixed by beingfittedthe feedingdirection T, al ong t he bubbl e
detectionunit 51, upstreambl ock sensor 52, |iquidfeeddriving
unit 60, downstream bl ock sensor 53, and tube clanp unit 270.
[0027]

AsillustratedinFig. 3, thefirst infusiontube guideunit
54 i ncl udes two protrusions 54B, 54Cand a sl ant ed gui de portion
54T. The two protrusi ons 54B, 54C are fornmed at the mai n body
| ower portion 1B in order to detachably sandw ch and hold the
upst reamsi de 200Aof the i nfusi ontube 200 at thetinmeof setting
the i nfusion tube 200inthe horizontal direction. The slanted
gui de portion 54T is formed in an oblique upper-right direction
fromthe two protrusions 54B, 54C and gui des t he upstreamsi de
200A of the infusion tube 200 in an oblique upper direction.

By provi di ngthesl ant ed gui de porti on54T, t he nedi cal staff
not only can visually confirmthat the upstream side 200A of
the i nfusion tube 200 i s set on the slanted guide portion 54T
si de but al so can hol d the upstreamsi de 200A of the infusion
tube 200 so as not to be rapidly curved. Moreover, since the
sl ant ed gui de portion 54T is not covered with the access cover
5 and exposed, the nedical staff can confirmthat the upstream
si de 200A of the infusion tube 200 is to be set on the slanted
gui de portion 54T side by directly and visually checking the
sl ant ed gui de portion 54T.

[ 0028]
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As illustrated in Fig. 3, the second infusion tube guide
unit 55 is a groove portion formed at a side surface portion
1Sof t hemai nbody | ower portionlBi norder todetachabl ysandw ch
and hol d a part of the downstreamsi de 200B of t he i nf usi on t ube
200. The first infusion tube guide unit 54 and the second
i nf usi on tube gui de unit 55 can surely attach t he i nfusi on tube
200 to the inside of the tube attachnent section 50 w thout
damagi ng t he i nfusi on tube when sandwi chi ng the i nfusion tube
bet ween t he access cover 5 and t he tube attachnent secti on 50.
As illustrated in Figs. 1 and 2, a right side surface portion
5Kof theaccess cover 5i sfornedsl antedi nanobli que upper-1eft
direction. This prevents the access cover 5 fromcoveringthe
two protrusions 54B, 54C of the first infusion tube guide unit
54 and t he sl ant ed gui de portion 54T even when t he access cover
5is in the closed state.

[ 0029]

The bubbl edet ectionunit 51illustratedinFig. 3isasensor
to det ect a bubbl e (air) generatedinsidetheinfusiontube 200.
For exanpl e, t he bubbl edetectionunit 51isanultrasonic sensor
configured to nonitor, fromthe outside of the infusion tube
200 of flexible polyvinyl chloride or the Iike, the bubble
contai ned inside the nmedicinal solution flow ng inside the
i nfusion tube 200. Since transnmi ssivity of ultrasonic in the
medi cinal solution differs fromthe transm ssivity of the

ultrasonicinthe bubble, theultrasonicreceivingunit detects
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a difference of the transm ssivity and nonitors existence of
t he bubbl e by applying the ultrasonic generated fromthe
ultrasonic transmttingunit tothe nmedicinal solutionflow ng
i nside the infusion tube 200. The bubble detection unit 51
i ncl udes a pushi ng nenber 320 and a recei vi ng nenber 330. The
ultrasonic transmtting unit i s enbedded i n t he pushi ng nmenber
320 di sposed on the i nner side of the access cover 5, although
the detail will be described later. The ultrasonic receiving
unit i s enbedded in the receiving nmenber 330 di sposed on the
| ower portion 2B side of the main body 2.
[ 0030]

The upst reambl ock sensor 52illustratedinFig. 3isasensor
t hat det ect swhet her t hei nsi deof t hei nfusi ontube200i s bl ocked
at the upstream side 200A of the infusion tube 200, and the
downstreambl ock sensor 53 is a sensor that detects whether the
inside of the infusion tube 200 is bl ocked at the downstream
si de 200B of the i nfusion tube 200. The upstreambl ock sensor
52 and t he downstreambl ock sensor 53 have t he sane structure.
The cases where the i nfusion tube 200 i s bl ocked are when the
medi ci nal sol ution has high viscosity, the nmedicinal solution
has hi gh concentration, or the like, for exanple.
[ 0031]

As illustrated in Fig. 3, pressing nenbers 452, 453 are
respectively di sposed on the i nner surface side of the access

cover 5 at positions correspondi ngtothe upstreambl ock sensor
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52 and downst r eambl ock sensor 53. Went he nedi cal staff cl oses
the access cover 5 as illustrated in Fig. 2 after setting the
i nfusi ontube200tothetubeattachment section50asillustrated
in Fig. 3, the pressing nenber 452 and t he pressi ng nenber 453
on the access cover 5 side can respectively press a part of the
i nf usi on tube 200 agai nst t he upst reamsi de bl ock sensor 52 and
downst reamsi de bl ock sensor 53si de. Therefore, whentheaccess
cover 5 is closed, the upstreamside bl ock sensor 52 and the
downstreamsi de bl ock sensor 53 can detect a bl ocked state in
the infusion tube 200 even in the case where any size of the
i nfusion tube 200 out of a plural kinds of infusion tubes 200
havi ng di fferent dianeters is attached to the i nfusion punp 1.
[ 0032]

Fig. 4isadiagramillustratinganelectrical configuration
of the infusion punmp 1.

As illustrated in Fig. 4, theliquid feed driving unit 60
i ncludes adrivenotor 61, acamstructure62rotationallydriven
by the drive notor 61 and including a plurality of cans, and
a finger structure 63 including the plurality of fingers noved
by the respective cans of the cam structure 62.

The cam structure 62 includes the plurality of cams, for
exanpl e, si x cans 62Ato062F, andthefinger structure63incl udes
si x gingers 63Ato 63F correspondingtothe six canms 62Ato 62F.
The si x cans 62A to 62F are arranged at phases different one

anot her, andt he camstructure 62i s connectedtoanout put shaft
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61A of the drive notor 61.
[ 0033]

When t he out put shaft 61A of the drive notor 61 is rotated
by a command of a control unit 100 illustrated in Fig. 4, the
six fingers 63A to 63F are noved forward and backward in
Y-direction in a predeterm ned order by an ampunt of a
predet erm ned stroke, thereby pressing the infusion tube 200
agai nst t hei nfusi ontube pressi ng nenber 500 of t he access cover
5inthefeedingdirectionT. Therefore, the nedicinal solution
i nsi de t he i nfusi ontube 200 can be fedinthe feedingdirection
T. More specifically, since the plurality of fingers 63A to
63F are respectively driven, the plurality of fingers 63Ato
63F sequentially press the outer peripheral surface of the
i nfusi ontube200i nthefeedi ngdirectionTandfeedt henedi ci nal
solution inside the infusion tube 200. The fingers 63Ato 63F
are sequentially noved forward and backward by controlling
peristaltic notion of the plurality of fingers 63Ato 63F, and
a bl ock point of the infusion tube 200 is noved in the feeding
direction T like advancement of a wave. Wth this notion, the
i nfusiontube 200is strokedtotransfer the nedicinal solution
[ 0034]

As illustratedin Fig. 4, the infusion punp 1includes the
control unit (conputer) 100t hat control sentireoperation. The
control unit 100 is, for exanpl e, a one-chip m croconputer and

i ncludes a ROM (read-only nmenory) 101, a RAM (Random Access



10

15

20

25

24

Menory) 102, a non-volatile nmenory 103, and a clock 104. The
cl ock 104 cancorrect current ti me by a predet er mi ned oper ati on,
acquire the current tine, measure an el apsed period of a
predeterm ned feedi ng operation, nmeasure reference time for
feeding rate control, and so on.

The control unit 100 illustratedin Fig. 4 is connected to
the power switch button 4F and a switch 111. The switch 111
suppl i es power to the control unit 100 fromany one of a power
suppl y converter 112 and arechar geabl e battery 113 such as such
as alithiumion battery by swi tching between the power supply
converter 112andt herechargeabl ebattery 113. The power supply
converter 112 is connected to a commerci al AC power supply 115
via an electric point 114.
[ 0035]

Adisplay unit driver 130in Fig. 4drives the display unit
3 by a command of the control unit 100 and di spl ays the contents
of information exenplifiedin Fig. 2 and a warni ng nessage. A
speaker 131 can notify the nmedical staff of various kinds of
contents of warni ngs by voi ce i n accordance with a command from
the control unit 100. Abuzzer 132 cannotify the nedical staff
of the various kinds of warnings by sound in accordance with
a command fromthe control unit 100. In the case where the
i nfusion tube 200 is incorrectly set in N-direction (opposite
direction), the speaker 131 i s one of exenplary warni ng nmeans

that i ssues the warning to the nmedical staff by voice. In the
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casewheretheinfusiontube200isincorrectlysetinNdirection
(opposite direction), the buzzer 132 is one of the exenplary
war ni ng means that i ssues the warning to the nmedi cal staff by
sound.
[ 0036]

In Fig. 4, a bubble detection signal S1 fromthe bubble
detectionunit 51, an upstreambl ock si gnal S2 fromt he upstream
bl ock sensor 52 i ndicatingthat the upstreamsi de of t hei nfusion
tube 200 i s bl ocked, and a downstreambl ock signal S3 fromthe
downstreambl ock sensor 53 i ndi cating that the downstreamsi de
of the i nfusion tube 200 is bl ocked are suppliedtothe control
unit 100. The upstreambl ock sensor 52 and t he downst r eambl ock
sensor 53 can detect a state that t he nedici nal sol uti on cannot
be fed dueto the facethat i nner pressure of aninfusioncircuit
exceeds setting pressureinsidetheinfusionpunp1. Theinner
pressure of theinfusioncircuit exceedi ngthe settingpressure
inside the infusion punp 1 is caused in the cases where the
i ntravenous cannul a for infusion or the infusion tube 200 are
bl ocked, thei nfusi ontube 200i s squeezed or bent, t he nedi ci nal
solution having high viscosity is used, and the |ike.

[ 0037]

In Fig. 4, the control unit 100 can bidirectionally
comuni cate wi th, for exanpl e, a conputer 141 such as a deskt op
conmputer via a conmuni cation port 140. The conputer 141 is

connected to the nedicinal solution database (DB) 160, and
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medi ci nal solution information MF stored in the nedicinal
sol uti on dat abase 160 can be acquired by the control unit 100
via the conputer 141 and stored in the non-vol atile nenory 103
of the control unit 100. The control unit 100 displays the
medi ci nal solution information MF or the |ike on the display
unit 3illustratedinFig. 2, for exanple, based on t he stored
medi ci nal solution information M.

[ 0038]

Fig. 5is aperspective viewillustrating an enl arged vi ew
of the | ower portion 2B of the main body 2 and t he access cover
5 of the infusion punp 1 illustrated in Fig. 3.

The bubbl e detection unit 51 illustratedinFig. 5is also
referred to as a bubbl e detecti on sensor, and detects exi stence
of a bubble (air) inside the infusion tube 200. The bubble
detectionunit 51istheultrasonic sensor to nonitor the bubble
contai ned inside the nmedicinal solution flow ng inside the
i nfusion tube 200. An ultrasonic transmtting unit 321 of the
bubbl e detection unit 51 is di sposed i nside the pushi ng menber
320. On the other hand, an ultrasonic receiving unit 331 of
t he bubbl e detection unit 51 is di sposed inside the receiving
menber 330. Notethat theultrasonictransmttingunit 321 may
be di sposed i nsi de the recei ving nmenber 330 and t he ultrasoni c
receiving unit 331 may be di sposed inside the pushing nenber
320. Further, a magnetic (el ectromagnetic) shield (not

illustrated) is provided at the ultrasonic transmtting unit
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321 and the ultrasonic receiving unit 331.
[ 0039]

As illustrated in Figs. 1 and 2, when the access cover 5
i s cl osed, the pushi ng nenber 320 in Fig. 5 pushes the infusion
t ube 200 agai nst the receiving nenber 330 so as to squeeze t he
i nf usi on tube 200 by a pr edet er mi ned anount. The pushi ng nenber
320 and t herecei vi ng menber 330 ar e bot h pl asti ¢ nol ded pr oduct s
having el ectrical insulation properties.

AsillustratedinFig. 5 the pushing nmenber 3201 s di sposed
ontheinner sideof the access cover 5 and, thereceiving menber
330i s di sposed at the |l ower portion2Bof the mai nbody 2. Since
transm ssivity of the ultrasonic in the nedicinal solution
differs fromthe transm ssivity of theultrasonicinthe bubble
(or nedicinal solution containingthe bubble), the ultrasonic
receiving unit 331 of the receiving nenber 330 detects a
difference of transm ssivity as an out put potential difference
froma t hreshol d val ue, for exanpl e, and nonitors existence of
t he bubbl e by applying the ultrasonic generated fromthe
ul trasonic transmtting unit 321 of the pushing nenber 320 to
t he medi ci nal solution flow ng inside the infusion tube 200.
[ 0040]

Fig. 6 is across-sectional viewtaken along |ine E-E when
t he access cover 5 covers the | ower portion 2 of the mai n body
2 as illustrated in Figs. 1 and 2.

In Fig. 6, the vicinity of the side surface portion 5K on
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the right side of the access cover 5 and a part of the | ower
portion 2B of the main body 2 are illustrated, and t he pushing
menber 320 of t he bubbl e detecti onunit 51 di sposed onthe access
cover 5 and the receiving nmenber 330 of the bubble detection
unit 51 face each other.

The pushi ng nenber 320 whichis afirst nenber of the bubble
detectionunit 51 includes a projecting curved surface portion
320W and t he recei vi ng nenber 330 whi ch i s a second nenber of
t he bubbl edetectionunit 51incl udesaprojectingcurvedsurface
portion 330W and t he curved surface portion 320Wand t he curved
surface portion 330War e di sposed at nutual | y faci ng posi tions.
A m ddl e portion 200P of the i nfusiontube 200i s pushed bet ween
t he proj ecti ng curved surface porti on 320Wof t he pushi ng menber
320 and proj ecting curved surface portion 330Wof the recei ving
menber 330 by a predeterm ned amount, and the mi ddl e portion
200Piselasticallydeformed. Theultrasonictransmttingunit
321 of the pushi ng nenber 320 and t he ul trasoni c recei vi ng uni t
331 of the receiving nenber 330 face each ot her.

[ 0041]

Now, a preferred shape of the pushing nenber 320 will be
describedwithreferencetoFigs. 6and7. Fig. 7isaperspective
view illustrating the formof the pushing nenber 320.

The pushi ng menber 320illustratedinFig. 7includes abase
portion 320B, the projecting curved surface portion 320W and

a projecting portion 320D. The base portion 320Bis a cuboid
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shaped nenber, and i ncl udes a screwhol e 320Nf or passi ng a screw
inorder to fix the pushing nenber 320. The projecting curved
surface portion 320Wis formed on one surface 320F of the base
portion 320B in a projecting manner in Y-direction. The
projecting portion 320D is |located i mediately next to the
projecting curved surface portion 320W and forned in a
projecting manner in Y-direction on the downstreamside of the
feeding direction T.

The proj ectingportion320Di ncl udes a pressi ng porti on320R
to press the mddle portion 200P of the infusion tube 200. A
hei ght Hl of t he pressing portion 320Rprojecting froma bottom
portion of the base portion 320Bin Y-direction is set higher
conpared to a hei ght H2 of the projecting curved surface portion
320Wproj ecting froma bottomportion of the base portion 320B
in Y-direction.
[0042]

Next, operation at the tine of using the above-descri bed
infusion punp 1 will be descri bed.

As illustratedin Fig. 3, the nedical staff can | ook at the
i nfusion tube setting direction display unit 150 and visually
confirmthe setting direction of the infusion tube 200 at the
ti me of openingthe access cover 5and settingtheinfusiontube
200 to the tube attachnent section 50. Also, the nedical staff
opens the access cover 5, sets the upstreamsi de 200A of the

i nfusiontube 200to the first infusiontube guide unit 54 side
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on the right side portion of the main body |ower portion 1B
and sets the downstreamsi de 200B of the infusion tube 200 to
t he second i nfusion tube guide unit 55 side on the |eft side
of the mai n body | ower portion 1B when a person faces the main
body. In this manner, the nedical staff can correctly set the
i nfusion tube 200 in the feeding direction T with respect to
the infusion punp 1. The nedical staff can set the infusion
tube 200 illustratedinFig. 4inthe feeding direction T al ong
the first infusion tube guide unit 54, bubble detection unit
51, upstream bl ock sensor 52, liquid feed driving unit 60,
downst ream bl ock sensor 53, tube clanp unit 270, and second
i nfusion tube guide unit 55.

[ 0043]

After that, by closing the access cover 5 as illustrated
inFigs. 1and 2, the access cover 5 covers the bubbl e detection
unit 51, upstreambl ock sensor 52, downstreambl ock sensor 53,
liquidfeeddriving unit 60, and tube clanp unit 270. Inthis
state, the liquid feed driving unit 60 is driven, thereby
achieving to feed the nedi ci nal sol ution through the infusion
tube 200inthe feedingdirectionT. Further, the nedical staff
can operat et he operating buttons onthe operation panel 4 while
confirmng the informati on on the display unit 3 at the upper
portion 2A of the nmain body cover 2.

[ 0044]

In the case where the infusion punp 1 feeds the nedici nal
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solutiontothepatient byusingtheinfusiontube200asdescribed
above, the bubbl edetectionunit 51illustratedinFig. 4detects
whet her t he bubbl e i s m xed i nsi det he medi ci nal sol utioninside
t hei nfusi ontube 200. Whenthebubbl edetectionunit 51detects
exi stence of the bubble inside the infusion tube 200, the
ul trasonic receiving unit 331 of the bubble detection unit 51
illustrated in Fig 6 is configured to transmt the bubble
detection signal S1 to the control unit 100.

Fig. 8(A) isadiagramillustratingbehavior of t he nedi ci nal
solution 171 inside the i nfusi on tube 200 i n the case of using
t he bubbl e detection unit 51 illustrating in Fig. 6 according
to the enbodi nent of the present invention. Fig. 8(B) is a
di agramillustratingthe behavi or of t he medi ci nal sol ution 171
i nsidetheinfusiontube 200inthe case of usi ng a bubbl e sensor
1500 in a related art.

[ 0045]

I nthe bubbl e detectionunit 51 accordi ngtothe enbodi ment
of the present inventionillustratedin Fig. 8(A), a space BH1
represents cl earance of the fl owpath at the m ddl e porti on 200P
of the infusion tube 200 forned between the projecting curved
surface portion320Wof t he pushi ng menber 320 and t he proj ecti ng
curved surface portion 330Wof the receiving nenber 330.

Anot her space BH2 represents cl earance of the fl owpath at
t he m ddl e portion 200P of the i nfusiontube 200 f or med bet ween

the pressing portion 320R of the projecting portion 320D and
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a facing wall portion 398 facing the pressing portion 320R

The space BH2 i s | ocat ed on t he nore downstreamsi de of the
feeding direction T conpared to the space BHL. The space BH2
i sset small er thanthe space BHL. Therefore, them ddl eportion
200P of the infusion tube 200 has the narrower flowpath (flow
path cross-section area) at the space BH2 conpared to that at
t he space BHL.

[ 0046]

Thus, since the space BH2 snal | er than t he space BHL of the
bubbl e detection unit 51 is provided on t he downstreamsi de of
the feeding direction T of the bubble detection unit 51 as
illustrated in Fig. 8(A), the flowpath at the m ddl e portion
200P of t he i nfusi ontube 200 onthe downstreamsi de of t he bubbl e
detection unit 51 is narrower than the flowpath at the m ddl e
portion 200P of the i nfusion tube 200 sandwi ched by t he bubbl e
detection unit 51. Therefore, the nedicinal solution 171 can
stagnateinthefl owpathat t hem ddl eporti on200Pof t hei nfusi on
tube 200 on the downstream side of the bubble detection unit
51 i nstead of stagnatinginthe flowpath at the m ddl e portion
200P of the i nfusi ontube 200 bet ween t he bubbl e detectionunits
51. Such a st agnati on phenonenon of the nmedi ci nal solution 171
i s the phenonmenon in which the nedicinal solution partly
stagnates at the narrowportion of the fl owpath of theinfusion
tube 200 as a, what is called, liquid stagnant portion 171M

[ 0047]
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The st agnati on phenonmenon of the nedi ci nal solution 171 in
theliquidstagnant portion171Mi s positivelygeneratedbetween
t he pressing portion 320Rof the projecting portion 320Don the
downstreamsi de of the bubbl e detection unit 51 and the faci ng
wal | portion 398 facing the pressing portion 320R i nstead of
bei ng gener at ed bet ween t he projecting curved surface portion
320Wof t he pushi ng menber 320 and t he proj ecti ng curved surface
porti on 330Wof the receivi ng menber 330 of t he bubbl e det ecti on
unit 51. I nother words, theportionbetweenthepressingportion
320R of the projecting portion 320D on t he downstream si de of
t he bubbl e detection unit 51 and the facing wall portion 398
facing the pressing portion 320Ris a place where a flowrate
of the medicinal solution 171 changes and the surface tension
of the nedicinal solution 171 tends to break.

[ 0048]

Therefore, the bubble detection unit 51 is prevented from
erroneousl y detectingthe liquidstagnant portion 171Mbecause
the so-called liquid stagnant portion 171M of the nedici nal
solution 171 is not | eft out between t he pushi ng nenber 320 and
t he receiving nmenber 330 of the bubble detection unit 51. As
aresult, theliquid stagnant portion 171M nanely, a part of
t he medi ci nal solution 171is not | eft over between t he pushing
menber 320 and t he recei vi ng nenber 330 of t he bubbl e det ecti on
unit 51. Therefore, the ultrasonic fromthe ultrasonic

transmttingunit 321 of t hebubbl edetectionunit 51is prevented
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frombeingtransmttedthroughtheliquidstagnant portion171M
and received by theultrasonicreceivingunit 331. Duetothis,
t he bubbl edet ecti onuni t 51 does not det erm net hat t he medi ci nal
solution exists inside the i nfusion tube 200, and therefore,
exi stence of the bubble can be detected wi thout interruption
of the liquid stagnant portion 171Mwhen t he bubble exists in
the infusion tube 200. |In other words, the bubble detection
unit 51 can prevent error detecti onof exi stence of t he nedi ci nal
solution 171 caused by the liquid stagnant portion 171 of
medi ci nal solution 171.

[ 0049]

As descri bed above, according to the enbodi nent of the
present invention, the liquid stagnant portion 171M of the
medi ci nal solution 171 can be generated on t he downstreamsi de
of the bubble detection unit 51 because the flow path of the
I nf usi on t ube 200 on t he downst r eamsi de of t he bubbl e det ecti on
unit 51 is fornmed narrower than the fl ow path of the infusion
tube 200 forned by the bubble detection unit 51.

On the ot her hand, according to the bubbl e sensor 1500 in
t he conparative exanmple illustrated in Fig. 8(B), thereis no
pressing nenber to press the mddle portion 200P is provided
ont he downst reamsi de of t he m ddl e porti on 200P of t he i nfusi on
tube 200. Therefore, a space CHl between a projecting curved
surface portion 1501Wof a pushi ng nenber 1501 and a proj ecti ng

curved surface portion 1502Wof a recei vi ng nenber 1502 of the
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bubbl e sensor 1500 is smal |l er conpared to an i nner di anmeter CH2
of the middle portion 200P of the infusion tube 200P on the
downstream side of the feeding direction T.

Wththisconfiguration, the bubbl e sensor 1500 detects t he
| i qui d st agnant portionl1l71Nbecausetheli qui dstagnant portion
171N of the nedicinal solution 171 is |left out due to the fact
that the fl owrate changes between t he pushi ng nenber 1501 and
t hereceivi ng nenber 1502 of t he bubbl e sensor 1500. Therefore,
t he bubbl e sensor 1500 determ nes that the nmedi ci nal sol ution
171 is flowi ng inside the infusion tube 200.

[ 0050]

Fig. 9(A) is adiagramillustrating a state in which the
fl ow path of the infusion tube 200 is narrowed by the infusion
t ube 200 bei ng pressed by t he bubbl e sensor 1500 in the rel ated
art asillustratedinFig. 8B), but theliquidstagnant portion
of the nmedi ci nal solution171is not generated and t he nedi ci nal
solutionnormallyflowsinthefeedingdirectionT. Incontrast,
Fig. 9(B) is adiagramillustrating a state i n which the flow
pat h of the infusion tube 200 i s narrowed by t he i nfusion tube
200 bei ng pressed by the bubbl e sensor 1500 inthe rel ated art
as illustrated in Fig. 8(B), and the Iiquid stagnant portion
171N of the medicinal solution 171 i s generated and cl earance
(bubbl e) AR is formed.

[ 0051]

Inthe case of Fig. 9(B) where the |liquid stagnant portion
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171Ni s gener at ed, t he cl earance ARi s forned at an upper portion
of theliquidstagnant portion 171N, and the air passes t hrough
t he cl earance AR, but theliquidstagnant portion 171Nstagnates
i nsi de bubbl e sensor 1500. When a boundary between the liquid
stagnant portion 171N and the air passes the portion where the
flowpath is narrowed by the bubbl e sensor 1500, a part of the
medi ci nal sol utionis caught at theinner surfaceof theinfusion
tube 200 due to the influences of the surface tension of the
medi ci nal solution and gravity as well as a suction speed and
suction timng of the nedicinal solution. As a result, the
medi ci nal solution nmay remain as the |iquid stagnant portion
171N (part of the medi ci nal solution). Wentheliquidstagnant
portionl71Noccupi esal argepart of thefl owpathof theinfusion
tube 200, ultrasonic fromthe ultrasonic transmtting unit of
t he bubbl e sensor istransmttedtotheliquidstagnhant portion
171Nand recei ved by theultrasonicreceivingunit. Therefore
the control unit erroneously determ nes that the medicinal
solutionis flow ng al though the cl earance (bubbl e) AR exi sts
i nsi de the infusion tube 200.

[ 0052]

As descri bed above, the infusion punp 1 according to the
enbodi nent of the present i nvention includes; the main body 2;
the tube attachnent section 50 di sposed inside the nmain body
2, where the infusiontube 200 configuredto feed the nedici nal

solution 171 to the patient side is attached in the latera
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direction; theliquidfeeddrivingunit 60 di sposed insidethe
mai n body 2 and configured to feed the nedicinal solution in
the lateral direction through the inside of the infusion tube
200 by pressingtheinfusiontube200inastatethat theinfusion
tube200isattachedtothetubeattachnment secti on50; t heaccess
cover 5 mounted on the mai n body 2 and configured to cover the
i nfusi on tube 200 attached to the tube attachnment section 50
by bei ng cl osed; and the bubbl e detection unit 51 attached to
t hetubeattachnment secti on50andconfi guredtodetect thebubbl e
i nside the infusion tube 200 by receiving the ultrasonic
generated with respect to the infusion tube 200.

The bubbl e detection unit 51 includes the pushing nenber
320 as the first menber di sposed onthe access cover 5 and havi ng
theultrasonic transmtting unit 321; and t he recei vi ng menber
330 as the second nenber di sposed on t he mai n body 2 and havi ng
the ultrasonic receiving unit 31 configured to receive the
ultrasonicfromtheultrasonictransmttingunit 321. Further,
when t he access cover 5isinthe closed state, the second space
BH2 to narrowthe fl owpath of the infusiontube 200 on the nore
downst reamsi de t han t he bubbl e detectionunit 51inthefeeding
directionTof feedingthenedicinal solution171of theinfusion
tube 200 i s set snmall er conparedtothefirst space BHL to narrow
the fl owpath of the infusiontube 200 bet ween the first nmenber
and the second nenber.

[ 0053]
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Wth this configuration, the stagnation phenonmenon at the
l'iquid stagnant portion of the nedicinal solution can be
gener ated on the downstreamsi de of the bubbl e sensor instead
of bei ng gener at ed bet ween t he bubbl e sensor because t he second
space BH2 to narrowthe fl ow path of the infusion tube 200 on
t he nore downstreamsi de than the bubbl e detection unit 51 is
set smaller conpared to the first space BHL to narrowthe fl ow
pat h of the infusion tube 200 between the first nmenber and the
second nenber. This is because the surface tension of the
medi ci nal solutiontends to break at the portion where the flow
rat e of the nedi ci nal sol utionrapidlychanges. Therefore, the
bubbl e sensor i s prevent edfromerroneousl ydetectingtheliquid
st agnant portion because the so-called|iquidstagnant portion
of t he nedi ci nal sol utionisnot |eft out betweenthefirst menber
and t he second nenbers of the bubble sensor. As aresult, the
bubbl e sensor can be prevented from erroneously detecting
exi stence of the bubble by avoiding a part of the nedicinal
solution remai ning i nside the portion where the fl ow path of
the infusion tube is narrowed by the bubble sensor.

[ 0054]

The first nmenber includes the base portion 320B, the
projecting curved surface portion 320Wformed in a projecting
manner fromthe base portion 320B, and t he projecting portion
320D formed in a projecting manner on t he nore downstreamsi de

t han t he projecting curved surface porti on 320Wi n order to set
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t he second space BH2. The second nmenber i ncl udest he projecting
curvedsurfaceportion330Wraci ngtheprojectingcurvedsurface
portion 320Wof the first nenber and set the first space.

Therefore, since the project 320D to set the second space
BH2 is integrally formed with the first nmenber, the nunber of
conmponents can be nore reduced conpared to a case where the
projecting portion 320D is provided as a separate nenber from
the first menber.

[ 0055]

The proj ecting height HL fromthe base portion 320B of the
proj ectingportion320Di s set hi gher conparedtotheprojecting
hei ght H2 fromthe base portion 320B of the projecting curved
surfaceportion320Winthefirst nenber. Therefore, the second
space BH2 f ormed by t he proj ecti ngporti on320Dcanbe set snal | er
conpared to the first space BHL of the bubble detection unit
51 just by disposing the first nenber.

[ 0056]

The di splay unit 3 and operation panel 4 are disposed at
t he upper portion 2A of the mai n body 2, and t he tube attachment
section 50, liquidfeeddrivingunit 60, and access cover 5 are
di sposed at the | ower potion 2B of the main body 2. Therefore,
t he medi cal staff can attach the i nfusion tube 200 to the tube
attachment section 50 while confirm ng the i nformati on on the
di splay unit 3 at the upper portion 2A of the main body 2, and

cl osetheaccess cover 5. Further, thenedi cal staff canoperate
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t he operation buttons at the operati on panel 4 whil e confirmng
the informati on on the display unit 3 at the upper portion 2A
of the main body 2.

[ 0057]

Meanwhi l e, the present invention is not limted the
above-descri bed enbodi nent and vari ous ki nds of corrections and
changes can be nade to the present invention, and al so
nodi ficati ons can be mrade withintherangerecitedinthe scope
of cl ai ns.

The bubbl e detection unit 51 exenplifiedin the draw ngs,
t heprojectingportion320Di s provi dedonlyonthepushi ngnenber
320 side, but not Iimted thereto, the projecting portion may
be al so provi ded on t he recei vi ng menber 330 si de such that the
projecting portion 320D on t he pushi ng nenber 320 si de and t he
projecting portion on the receiving nenber 330 side narrowt he
flow path of the infusion tube on the downstream side of the
bubbl e sensor.

Accordingtothe exanplesillustratedinFigs. 1and?2, the
i nfusi on tube 200 is set horizontally inthe feeding direction
T by the tube attachnent section 50, but not Iimted thereto,
t he tube attachnent section 50 may adopt a structure i n which
the infusion tube 200 is set in the lateral direction, being
sl oped downwar d at a predet er mi ned angl e fromt he upstreamsi de

200A to the downstream si de 200B, for exanple.
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Ref erence Signs List

[ 0058]

1 I nf usi on punp

2 Mai n body cover (also referred to as main body )
2A Upper portion of main body cover

2B Lower portion of main body cover

3 Display unit

4 Oper ati on panel

5 Access cover (cover nenber)

50 Tube attachnment section

51 Bubbl e sensor

60 Liquid feed driving unit

171 Medicinal liquid

171M Li quid stagnant portion of medicinal solution
200 I nfusion tube

200P M ddl e portion of infusion tube

320 Pushi ng nenber of bubbl e sensor (first nenber)
321 Utrasonic transmtting unit of bubble sensor
330 Receiving nenber of bubble sensor (second nmenber)
331 Utrasonic receiving unit of bubble sensor

BH1 Space fornmed by bubbl e sensor

BH2 Space on downstream side of bubbl e sensor

T Feeding direction
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CLAI M5

1. An infusion punp conpri sing:

a mai n body;

a tube attachnent section di sposed inside the nain body,
where an infusion tube configured to feed nedi ci nal solution
to a patient side is attached in a horizontal direction;

aliquid feed driving unit disposed inside the main body
andconfiguredtofeedthenedicinal solutioninsidetheinfusion
tube in the horizontal direction by pressing the infusion tube
inastatethat theinfusiontubeisattachedtothetubeattachnent
section

an access cover nounted on the mai n body and configured to
cover theinfusiontube attachedto the tube attachnent section
by being cl osed; and

a bubbl e detecti onunit configuredtodetect abubbleinside
the infusion tube attached to the tube attachment section,

wher ei n the bubbl e detection unit includes a first nmenber
di sposed at the access cover and a second nenber di sposed at
t he mai n body, and a second space to narrow a fl ow path of the
I nf usi on t ube on a nor e downst r eamsi de t han t he bubbl e det ecti on
unit of the infusion tube is set smaller conpared to a first
space to narrowthe fl ow path of the i nfusion tube between the
first nmenber and the second nmenber in a state that the access

cover is closed.
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2. The infusion punp according to claiml1, wherein the first
menber includes a base portion, a projecting curved surface
portion formed in a projecting manner fromthe base portion,
and a projecting portion formed in a projecting manner on the
nor e downst reamsi de t han t he proj ecting curved surface portion
to set the second space, and the second nenber includes a

projecting curved surface portion facingthe projecting curved
surface portion of the first menber and configured to set the

first space.

3. The infusion punp according to claiml or 2, wherein a
proj ectinghei ght of the projectingportionfromthebaseportion
inthefirst menber i s set hi gher conparedto aprojecting hei ght

of the projectingcurved surface portionfromthe base portion.

4. The i nfusion punp accordingtoany of clains 1to 3, wherein
the di splay unit and t he operati on panel are di sposed at an upper
portion of the main body, and t he tube attachnent section, the
liquidfeeddriving unit, and t he access cover are di sposed at

a lower portion of the mmin body.



