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The present invention relates to an infusion punp and, nore
specifically, to a peristaltic type infusion punp capabl e of
automatically controlling the flowrate 10 of an infusion and having a
function for detecting an air bubble with a specific length (size)
which is m xed - with the infusion in an infusion tube (conduct).
According to conventi onal peristaltic type I nfusi on punps, an

Infusion is drlpped to the patlﬁgh. O?ﬂﬁﬁh&%ﬂ@ the rotational speed
of a finger drive notor ternlnlng ero I onal speed of the
notor from the flow rate of t he i nfusion which has been set and
i nput and the amount of the infusion discharged from an i nf usi on tube
by the peristaltic notion per one cyQFgsfin s ipders to set the flowrate
of the infusion to a speci fic val ue. On the other hand,
there are al so systens arranged such that a drip probe is disposed at
sonme mdpoint in an infusion tube connected to a peristaltic type 25
i nfusi on pBnp, the nunber of BACKEROUND NGRASTHE AINVENTTON drip probe and
an infusion is dripped to the patient by
The present invention relates to an infusion pump
and, more specifically, to a peristaltic type infusion
pump capable of automatically controlling the flow rate
10 of an infusion and having a function for detecting an
air bubble with a specific length (size) which is mixed
with the infusion in an infusion tube (conduct).
According to conventional peristaltic type
infusion pumps, an infusion is dripped to the patient by
15 controlling the rotational speed of a finger drive motor
by determining the rotational speed of the motor from
the flow rate of the infusion which has been set and
input and the amount of the infusion discharged from an
infusion tube by the peristaltic motion per one cycle of
20 fingers to set the flow rate of the infusion to a
specific value.
On the other hand, there are also systems arranged
such that a drip probe is disposed at some midpoint in
an infusion tube comnected to a peristaltic type

25 infusion pump, the number of drips is measured by the

drip probe and an infusion is dripped to the patient by



2 controlling the rotational speed of a finger drive notor SO
that the nunber of drips is nmade to the specific nunber of dri ps.

Li quid nedicine or the |ike contained |€ 5 infusion bag is dripped to
the patient through a fl exible inffision tube by being fed under
pressure by the peristaltic notion caused by the infusion punp.

The infusion punp is provided with an ultrasonic bubbl e sensor for
detecting a bubble larger than a 10 perm ssible size which may be in the
i nfusion tube. _.The ul trasoni ¢ bubbl e sensor is disposed at sone

M dpoi nt in  condA iiREuEHAN rbiRei8AA1 COPROICHE 04 RihdAISEIIE MY 2

recei ver which confront wWith each other across the i nfusion 15

The ultrasoni GgPubhhe IS CAUMBKES oSe¥fpSUEE anade tO' ithd PsBebipicif a
bubbl e (air) exists at sone m dpoi nt in the infusion tube, ultrasonic

waves are reflgeded B dripsthe bubble and the output fromthe receiver

drops. More specifically, the presence of a bubble is determned 20

based on the drop oftichdduimediciand watni theanllikbe ¢okisnined aie i@sued by

t he detection of the bubble in the i nf usi on tube.

SUMVARY OF5 THEnNf\MeENT Okdag is dripped to the patient through a
flexible infusion tube by being fed under pressure by
the peristaltic motion caused by the infusion pump.

The infusion pump is provided with an ultrasonic
bubble sensor for detecting a bubble larger than a

10 permissible size which may be in the infusion tube. The
ultrasonic bubble sensor is disposed at some midpoint in
the infusion tube and composed of a transmitter and a
receiver which confront with each other across the
infusion tube.

15 The ultrasonic bubble sensor makes use of such a
principle that if a bubble'(air) exists at some midpoiﬁt
in the infusion tube, ultrasonic waves are reflected by
the bubble and the output from the receiver drops. More
specifically, the presence of a bubble is determined

20 Dbased on the drop of the output and warning and the like
are issued by the detection of the bubble in the

infusion tube.

SUMMARY OF THE INVENTION
25

However, according to the open-loop type infusion



25 However, according to the open-loop type infusion

punps arranged as descri bed above, there is a problem that the flow
rate of the infusion flowng in the flexible infusion tube is not
constant because the rigidity of the flexible infusion tube is varied
5 dependi ng upon the tenperature of the atnosphere where an infusion
apparatus is used. In addition, a patent for effecting tenperature
correction in drip control has . . been filed. A first object of

the present invention made in 10 view of the above problemis to provide a

peristaltic pumgdyperramgéed OBsPddacedipall easdvdeephaget g fd oproBlemof

an infusion substantially constant at all tinmes wthout bei ng affected
by an at nosphethat t eheer flowe.rate of thAccimflasijon o fllveringf usnonthanp for
feeding the 15 infusion under pressure through the flexible infusion

tube and dri ppi¥exible o inffuspani ehubesi:'n%e ndte constantr ebscaygseat theof the
number of revolutions of the finger drive nptor is unstable just after
the infusion rigiditwrighpedthet f ¥e cuinfussiagy i d‘-lﬂ?% i ¥3 usvanied the
20 specific flow rate which has been set and input. result, a
few mi nut e§ mAsrending wan | thae temppeptyre of tl*@/cﬁ"&ﬁ‘i’%?ﬁeltﬁ vhererive

notor i s nmade constgnt and t hus thered S a Rrotg em.t hat the flow rate
of the infusi @ jintu sion apparatus is use dition, patent

for effecting temperature correction in drip control has
been filed.
A first object of the present invention made in
10 view of the above problem is to provide a peristaltic
type infusion pump capable of keeping the flow rate of
an infusion substantially constant at all times without
being affected by an atmospheric temperature.
According to the infusion pump for feeding the
15 infusion under pressure through the flexible infusion
tube and dripping it to the patient, since the
increasing ratio of the number of revolutions of the
finger drive motor is unstable just after the infusion
is dripped, it is difficult to drip the infusion at the
20 specific flow rate which has been set and input. As a
result, a few minutes must elabse until the number of
revolutions of the drive motor is made constant and thus
there is a problem that the flow rate of the infusion is
barely made to the éet value after the above time
25 elapses.

When the number of drips detected by the drip



barely made to the set value after the above tinme 25 el apses.
When the nunber of drips detected by the drip _
4. probe is abruptly increased or decreased by a factor such as
an inpact force fromthe outside and the 1ike, since the rotational
velocity of the drive notor is abruptly changed in accordance with the
degree of the 5 increase or decrease, the anobunt of the infusion is
abruptly changed and as a result there may be a case that a load is
i nposed on the patient. A second object of the present invention

made in VpRULA" fheaBRAYELPr 9RbRENLEA! QP QUL ACa s | BYUS OFaRYER 10

capabl e of controlling the rotational velocity of drive notor so as

to pronptly sesuéR asseh fimPactalfdorce £idnd hend é@@@ﬁd@%l@d' end QeRkkhe
drive nmotor even if the nunber of drips detected by a drip probe S

abruptly gimogecthe lootationabi Redodilty off UHeONArPUEP mdticwvi ded
with the ul trasoni ¢ bubbl e sensor as described above is arranged
to stop even bsbauptlghthhngbe iandadssdanw nwigh the degreaungf i the
di sadvantageous in that it forcibly stops the feed of the infusion
even if a Bubbircreas¢eron hdacreage, rthgul amednti of | then infusidnusien.
A third object of the present invention made in vi ew of the above
problemis to PPEVPHEY afbpRgedi gadpafp @ result there may be a case

that a load is imposed on the patient.

A second object of the present invention made in
view of the above problem is to provide an infusion pump

10 capable of controlling the rotational velocity of a
drive motor so as to promptly secure a set flow rate
without imposing a load on the drive motor even if the
number of drips detected by a drip probe is abruptly
changed. _

15 Since the infusion pump provided with the
ultrasonic bubble sensor as described above is arrangéd
to stop even by a slight bubble and issue warning, the
pump is disadvantageous in that it forcibly stops the
feed of the infusion even if a bubble smaller than a

20 J‘:'egulated size is in the infusion.

A third object of the present invention made in
view of the above problem is to provide an infusion pump
which previously sets and stores the size (the length in
an infusion tube) of an air Dbubble larger than a

25 regulated size which is to be detected to the infusiori

punp and can determine the presence of an air bubble



whi ch previously sets and stores the size (the length in an i nfusion
tube) of an air bubble larger than a 25 regulated size which is to be

detected to the infusion punp andéfan determ ne the presence of an air
bubbl e based on the s val ue. O her features
and advant ages of the present invention will be apparent fromthe

fol |l ow ng description taken in conjunction with the acconpanying 5
drawi ngs, in which |like reference characters designate t he sane or
simlar parts throughout t he figures t her eof . BRI EF
DESCRI PTI ON T 4?3; FIG 1 is an outside perspective
vi ew show ng t ematl c arrangenent of an infusion punp 10 of an
enbodi nent of the present invention; FIG 2 is a block diagram

of the infusion pumodfer features andl @dvant8gdsCOfEkd ipresaa! ficient
table of the 15 rotational speed of a drive notor dependlng upon

tenperature; invention WilG bk apparehér agéer tisé i EoUldwihgwhen a notor is
driven; FIG 5 is a partially enlarged view of the portion 20
of the infusi alesaipdibnhakeminlkcbnjanottonewbicti tlse accompeintied; and

S drawings, in which like reference characters designate

the same or similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

10 FIG. 1 is an outside perspective wview showing the
schematic arrangement of an infusion pump 10 of. an
embodiment of the present invention;

FIG. 2 is a block diagram of the infusion pump 10;
FIG. 3 is a correction coefficient table of the

15 1xrotational speed of a drive motor depending upon
temperature;

FIG. 4 is a characteristic graph when a motor is
driven;
FIG. 5 is a partially enlarged view of the portion

20 of the infusion pump 10 where an ultrasonic sensor is
mounted; and

FIG. 6 is a view showing the detection of a bubble

in the infusion pump.

25 DESCRIPTION OF THE PREFERRED EMBODIMENT



FIG 6 is a view show ng the detection of a bubble in the infusion

punp. 25 DESCRI PTI ON OF THE PREFERRED EMBODI MENT

6- An enbodi ment of the prﬁsent i nvention will be

described with reference to the acconpahyi ng draw ngs. FIG 1
shows the schematic arrangenent of an i nfusi on punp 10 of the

enbodi nent of the present 5 invention. In the drawi ng, an infusion tube
(coduct) 1 i s conposed of a flexible thernoplastic resin such as

pol yvinyl chloride or the Iike. An infusion bag 13 in whi ch an

pol yvinyl. chi oride or the Iike. An infusi 3in i
Si'de of the infusi on Ch%i%ﬁﬁn%%@pﬁéfﬁiﬁesapﬁ%%%&s?ﬁ%?ngh%%)wi@pib%fﬁiﬂ ed
toth d ' I nf US| t : . The i '

punp 10 must " eSBCT Loy, o ettt & e UBfodbonying grawdlf 70

I ncreases and decrea a oGk LY. : ' be [
' F€&.2 1 shd(@m ghte.y schematic %urgﬂon tu%e f%t ﬁget ect

det achabl y di sposed at sone point Tnthe in o]

the nunber of jinfyusfbhPSpudp’ el oft Nenknf UabOMi kNP HE | T Ophdednw th a
plurality of peristaltic type fingers 2a, an infusion actuation unit

(infusion feediffpansior. amnogbkudiraking) det eaFuBgosctabe (e6&hds)on
detecting neans) 3 for .
is composed of a flexible thermoplastic resin such as
polyvinyl chloride or the like. An infusion bag 13 in
which an infusion (liquid medicine) is contained is
disposed to the upstream side of the infusion tube 1.
10 Further, a needle (not shown) is comnected to the
downstream side of the infusion tube 1.
The infusion pump 10 must execute drip control to
show a pump which gradually increases and decreases a
velocity. |
15 A drip probe 4 1is detachably disposed at some
midpoint in the infusion tube 1 to detect the number of
drips. Further, the infusion pump 10 is provided with a
plurality of peristaltic type fingers 2a, an infusion
actuation unit (infusion feed means) 2, an occlusion
20 detecting sensor (occlusion detecting means}) 3 for
detecting that the infusion tube 1 is occluded and an
ultrasonic sensor 5 as bubble sensing means for
detecting a bubble larger than a specific size which is
in the infusion tube 1.
25 The infusion actuation unit 2 is arranged such

that a plurality of eccentric cams are mounted on a



detecting that the infusion tube 1 is occluded and an ultrasonic

sensor 5 as bubbl e sensing neans for detecting a bubble larger than a
specific size which is in the infusion tube 1. 25 The infusion
actuation unit 2 is arranged such hat a plurality of eccentric cans
are nmounted on a rotating shaft which is rotated by a
drive notor (not shown) and the plurality of peristaltic type fingers
2a foll ow the outer peripheries of the eccentric cans,

respectively so.as to press the infusion tube 1. An 5 opening/closing lid
member 10a is r3a3d drihfith6which LB 4rareAUBY, 18 a&@vteh@nda&ustﬂ@ttube 1

I s clanped between the pressure plate 20 provided with the |

merber | Oa angsHdw)f Iai@rﬁnéq)m&ammﬂyem’f OfetSEsthltic tBAjd Stilddrs rwél on to
the infusion tube 1. As shown in FIG 1, the ultrasonic
sensor 5 delJlSJSADSEHedONmSéIJ‘ epardphielrdesnfoifi ahe ubkecéntsiconparsed

of a pair of a transmtter and a receiver and the transmtter confront
the recei ver amumsstiivelynfacsian to preds the itfusion tke 1ltramonic
transmtter and the wultrasonic receiver are conposed of a ceramic
pi zoel ectrSc eipmrdmg/closingi chifls wempexedl8d oks metisgosedposed die PZT

(I ead zirconate titanate). When a bubble is fed under

pressure whil énfusden ppump 10 and the infusion tube 1 is clamped
between the pressure plate 20 provided with the 1lid
member 1l0a and the fingers 2a to thereby cause a
peristaltic motion to the infusion tube 1.

10 As shown in FIG. 1, the ultrasonic sensor 5
disposed downstream of the infusion tube 1 is composed
of a pair of a transmitter and a receiver and the
transmitter confront the receiver across the infusion
tube 1.

15 The wultrasonic transmitter and the ultrasonic
receiver are composed of a ceramic pizoelectric element
which is composed of or mainly composed of PZT (lead
zirconate titanate).

When a bubble is fed under pressure while mixed in

20 the infusion 12 and its size is larger than a preset
size, the ultrasonic sensor 5 detects it as the bubble.

The occlusion detecting sensor {occlusion
detecting means) 3 for detecting the closure of the
infusion tube 1 is provided to detect the abnormally

25 <closed state of the infusion tube 1 and when the

infusion tube 1. is in a closed state exceeding a



20 the infusion 12 and its size is larger than a preset si ze, the
ultrasonic sensor 5 detects it as the bubble. The occl usion
detecting sensor (occl usion detecting neans) 3 for detecting the
cl osure of the infusion tube 1 is grovided to detect the abnormally
25 cl osed state of the infusion tube 1 and when the I nfusion tube 1.
is in a closed state exceeding a 8
speci fic degree, the occlusion detecting sensor 3 detects the
abnormally cl osed state and thereafter stops the feed of the infusion

12. spO&1i Ak ONBEGBeEONt ERE ObctigsidRW 8at&cOind heseRsbpf ugion 12
w Il be described belowwth reference to t he bl ock di agram of the

i nfusion punp détebesnched dbrdormally 1uaed keater badt ithereactbirCcikeBpst abl e
of the rotational speed of the drive notor dependi ng upon tenperature

shown in FIG 6he fi€ed of thd nrfusSion 12.CPU 6 as a controller (control
nmeans) for controlling the infusion punp 10 is supplied with

specific electric poWee faubematioct ctrmwmlponéEr shpplflow rauaitof the

Wien a setting/input unit (setting/input neans) 7 15 connected to the CPU
6 is used By tiefusbon {Bewiddr be deseribe@ddbedput sitherefenennmh the flow
rate (velocity the infusion, the nupber of drips, the |nfornat|on

0
as to the%hﬂfhé?ﬁh @ﬁ%%nFPh%fngh% bFf?ﬁE@%ﬁﬂﬂﬁ%c%%rﬁthnth%

2 and the correction coefficient table of the rotational
speed of the drive motor depending upon temperature
shown in FIG. 3.

10 In FIG. 2, a CPU 6 as a controller (control means)
for controlling the infusion pump 10 is supplied with
specific electric power from a not shown power supply
unit.

When a setting/input unit (setting/input means) 7

15 connected to the CPU 6 is used by the user, the user
sets and inputs there through the flow rate (velocit?)
of the infusion, the number of drips, the information as
to the infusion tube (the name of the manufacture of the
tube and the like).

20 The CPU 6 calculates the rotational wvelocity (pps)
required to the drive motor based on the flow rate of
the infusion and the information of the infusion tube 1
input from the setting/input unit 7, the drive motor is
driven based on the result of the calculation and the

25 plurality of peristaltic motion fingers 2a cooperate

with the drive motor being driven to thereby drip the



tube and the like). 20 The CPU 6 cal culates the rotational velocity
(pps) required to the drive notor based on the flow rate of t he

i nfusion and the information of the infysion tube 1 i nput fromthe
setting/input unit 7, the drive notor i driven based on the result of
the calculation and the 25 plurality of peristaltic notion fingers 2a
cooperate with the drive notor being driven to thereby drip the

9 infusion to the patient at the specific flow rate.

The output fromthe ultrasonic sensor 5 connected tothe CPUG6 is

suppl i ed 10 tNenERLA G "0b ;SR A6k o5 che gpdet £181 PR OpeiEANS and

corrparl son neans play unit pray rreans connected to

t he CPU 6 di spl gia Bﬁ@gﬁt O¥-bAl BneMuiRra8bnt BesbAbYS| 8N cddfRcted
added amount (ml) of the infusion, errors such as an error 1n

operation and tbethékerpand DOtédipEisiadBrdy HheAPU 6 whilkd l61ke act8 as
In the above arrangenent, when the drip of the I nfusi on begins and the

CPU 6 i ndi cat edetertiisstidiiancans il echparisbnambahbl e, ul trasoni c waves
havi ng a specific wavel ength are transmtted fromthe ultrasonic
transmitters of the ubhtdasphag seihtordisphayrseanskd8bgontdctedietal thasonic
receiver at the sane tine. A ROM 9 connected to the CPU 6 acts
as storing CPU 6 displays the flow rate (ml/h) of the infusion, the
added amount (ml) of the infusion, errors such as an
error in operation and the like and notifies warning and
the like.
10 In the above arrangement, when the drip of the
infusion begins and the CPU 6 indicates to start the
detection of a Dbubble, ultrasonic waves having a
specific wavelength are transmitted from the ultrasonic
transmitter of the ultrasonic sensor 5 and received by
15 the ultrasonic receiver at the same time.

A ROM 9 connected to the CPU 6 acts as storing
means for storing data arranged as a table showing the
correction coefficients of the rotational velocity (pps)
of the drive motor depending upon temperature, the

20 length {(size) of a bubble which is to be detected in the
infusion tube 1 by the ultrasonic sensor 5, and the like.

A temperature sensor 14 connected to the CPU 6 is
composed of a thermistor or the 1like, detects the
temperature of the environment where the infusion pump

25 is used and supplies it to the CPU 6.

Thereafter, the CPU 6 selects a proper correction



means for storing data arranged as a table show ng the correction
coefficients of the rotational velocity (pps) of the drive notor
dependi ng upon tenperature, the 20 lePﬁth (size) of a bubble which is to
be detected in the i nfusion tube 1'"Yy the ultrasonic sensor 5, and the
i ke. A tenperature sensor 14 connected to the CPU 6 is

conposed of a therm stor or the |like, detects the tenperature of the
envi ronnment where the infusion punp 25 is used and supplies it to the CPU
6. Thereafter, the CPU 6 selects a proper correction

10 coefl LEiceRnt: o] e [ r ' to
the ROM 9 based St RSP ooyt ire Tararrarion (Fo tidf b Uihed

sensor 14 di spege@nien Rt W Bddd H the tdliferdthitd Ghidition Hrom
The CPU 6 further <calculates the rotational velocity (pps) of

the drive notorhes terijeditiuie NB¥rfor 14 ddspdsed tike thowtiaifiel tde

I nfusion which is input to the setting/input unit 7 and the

i nformati on asthe tihéusion tulbeislon tube and drives the drive notor based
on the 10 result of the calcul ation. A rotational velocity
sensor (rot@tional vBheci CPU 6 dhntheyr nmemisulbfesonpdeed witatniencoder
and connect ed to the CPU 6 detects the rotational velocity of the
drive notor. Myedospbyi flbpal| I t4ke r draveometorelasti &y steppiggngmtor

(rotational velocity sensin neansg 15_conposed
based on the flow rate

of the infusion which is input to
the setting/input unit 7 and the information as to the
infusion tube and drives the drive motor based on the
10 result of the calculation.

A rotational velocity sensor ({(rotational velocity
sensing means) 15 composed of an encoder and connected
to the CPU 6 detects the rotational wvelocity Ef the
drive motor. More specifically, the rotational velocity

15 sensor (rotational wvelocity sensing means} 15 composed
of the encoder detects the rotational velocity (pps) of
the drive motor at a specific sampling cycle (at
intervals-of,.for example, every ten milliseconds).

When temperature correction control is described

20 with reference to FIG. 3, the embodiment shows the
previously stored correction coefficiénts as ratios to

1.0 as a reference value.
For example, when a rotational wvelocity at 20T is
set to 100 pps (pulses/second) and input, the rotational
25 velocity is not corrected within the temperature range

of from 15 - 30C. wWhen the temperature is within the



of the encoder detects the rotational veloci ty (pps) of the drive

notor at a specific sanpling cycle (at I ntervals of, for exanple,
every ten mlliseconds). When tenperature correction control is
described 20 with reference to FIG 3, 1#he enbodi ment shows the
previously stored correction coefficients as ratios to 1.0 as a

ref erence val ue. For exanple, when a rotational velocity at
20[err]Cis set to 100 pps (pul ses/second) and input, the rotational
25 velocity is not corrected within the tenperature range of from15 -

30[err]C. Wen the te turge oS W, thin the ] range of 10 -
15[ err] C, the rot™i§ O%F{@le'l o]?fo{:y She rotgtigral velggivy of E’éﬂtgﬁﬂfﬁd to
105 pps based on a sel ected correction coefficient 1.05. \Wen the

t enper at ure i s motor wiiishi conteoXledjetof 105 IRfser bhSedt hm r at asDaated

vel ocity of 5 the drive notor is controlled to 110 pps based on a

sel ect ed corre@emredideny | eoeffiicient whefBas \Wieen t hbe tempeamrenrat ute i S
within the range of 30 - 40 [err]C , the rotational velocity of the
drive notor is widHtim|thel tamge of 95-pa9.C, 16he rotatMmal spebodiweal by, the
rotational velocity of the drive notor at the tenperature of 15 - 30t

is used as 8 the I 8F8G8NGR U af & 0RaL r¥Bh Pt éﬁc{iﬂgléh%pgri < JPL QL 15

driven at the rotational velocity of 1.05 tine reference
rotational vel cdllectdid 18orrdbtisn | coefficiém®s 1. NE whereas when the

temperature is within the range of 30 - 40 C, the

rotational velocity of the drive motor is controlled to
95 pps.

10 More specifically, the rotational wvelocity of the

drive motor at the temperature of 15 - 30C is used ag a

reference rotational velocity and the drive motor is

driven at the rotational velocity of 1.05 times the

reference rotational velocity at 10 - 15T, 1.1 times the
15 reference rotational velocity at 0 - 10T and 0.95 times

the reference rotational velocity at 30 - 40T.

The temperature range of the reference rotational
velocity can be suitably when necessary. The above
control is executed only when open loop control is

20 carried out to control a closed loop in which the drip
probe is used.

As described above in detail, since there are
provided the infusion actuation means, the setting/input

means for setting and inputting the flow rate of the



15 reference rotational velocity at O - I0[err]C and 0.95 tines t he

reference rotational velocity at 30 - 40[err]C The tenperature
range of the reference rotational vel ocity can be suitably when
necessary. The above control is lecuted only when open | oop control
Is 20 carried dut to control a closed loop in which the drip probe is
used. As descri bed above in detail, since there are

provi ded t he infusion actuation nmeans, the setting/input nmeans for
setting and inputting the flow rate of the

12 | nf UsF @8k on | Nethé eMpRkBEYEEuréeNERhsot SRATSsedN {dl€ the
vicinity of the infusion tube and the control neans for controlling

the rotational vieiwpty Yoof thdeiAbtdionf tibe and théf 6hefoRChYRhEOFOFEANS
by the stored correction 5 coefficients based on the tenperature detected

by the t et ed 1 ng ettso r romaic 1drea I | veilodcitty off tttee i mbtst oof the i nput

t hrough the setting/input neans, an approxi mately simlar flowrate of

the infusion cimfbeiabt adtewetionl Imeans tbyesthet hetbrddpendrmgctpon t he

atmospheric tenperature. 10 The above tenperature control is described as

to the 5 cl eeefifioimntuonpased e@nc okl t tempebanre c deseckiedh Rhethe

drip probe. The tenperature control rmay al so be applied to an,

open- | oop typeteMRPeRABHURBREPTt RS pERe| &3 rateomdi tthwh dnfupdon

i nfusion pu ith the dri obe. 5 VWen the dri of he

i nf usi on Eegfégmqgltﬁﬁgugﬁ Eﬂe sett%ngkhmmt means, an appr%ximate&y
similar flow rate of the infusion can be obtained at all
times without depending upon the atmospheric temperature.

10 The above temperature control is described as to the
closed loop-controlled condition communicated with the
drip probe. The temperature control may also be applied
to an open-loop type infusion pump or the open-loop
condition of the infusion pump with the drip probe.

15 When the drip of the infusion begins in the
closed-loop type infusion punp, the rotational velocity
of the drive motor is controlled by the CPU 6 so that a
next rotational velocity (pps) is made nearer to the
range of a specific ratio (for example, within the range

20 of *10%) than the present rotational velocity even if

the rotational velocity of the drive motor obtained by
the drip probe (drip detection) 4 based on the intervals
of the drip is changed to a rotational velocity larger
or smaller than a target rotational welocity (set wvalue)
25 by any factor as shown in the characteristic graph of

the motor drive shown in FIG. 4. Note, FIG. 4 shows a



cl osed-1 oop type infusion punp, the rotational velocity of the drive
notor is controlled by the CPU 6 so that a next rotational velocity
(pps) is nade nearer to the range of a specific ratio (for exanple,
within the range 20 of + 10% than tH8& present rotational velocity even
| f the rotational velocity of the drive notor obtained by t he
drip probe (drip detection) 4 based on the intervals of the drip is
changed to a rotational velocity |arger or smaller than a target
rotational velocity (set value) 25 by any factor as shown in the

characteristi ot the tabﬁemgea@iaﬁ%miit@r Al Gpgl) Mot egefl G 4

shows a case that the target
rotational vel@sizon Adsps) is set to 200 pps. When t he
nunber of drips is nmade | arger than the speci fic nunber of drips by
any factor hal fway wihére the nbmbeirvefndirdpsi Isdmaden lairddic wpaci £he
rot ati onal vel ocity (A = 200 pps), the rotational velocity of the
drive notor i sspeciiasetmberapfadomips tyr reypdadioy belfway whibecthéc
ratio for a specific period of tinme (ta). Mre specifically, it is
decreased By alriwmurmotyir 1006 of drieen 10at spbkef i speatfict orotabiopatific
period of time of 10 seconds so that the drive_notor is set to the
state of yelegitihi th Tt 208 @Psven WBe tiRtatderalovalogdityciay she
180 pps. ) Thereaft%{, when i%yjs determ ned that the nunber
drive motor is decreased an amount corresponding to a

specific ratio for a specific period of time (ta). More
specifically, it is decreased by an amount of 10% of the

10 specific ratio for the specific period of time of 10
seconds so that the drive motor is set to the state of
Aa in which it is driven at the rotational wvelocity of
180 pps.

Thereafter, when it is determined that the number

15 of drips is still too large, the rotational velocity of
the drive motor is further decreased by the amount 6f
10% of the specific ratio during the specific period of
time (ta) so that the drive motor is set to the state of
Ab where it is driven at 162 pps.

20 Thereafter, even if it is detected that the number
of drips has reached the specific number of drips, the
rotational velocity of the drive motor is increased by
the amount corresponding to the specific ratio for the
specific period of time (ta) without suddenly changing

25 the rotational velocity from the state Ab of 162 pps to

the state A where it is rotated at the target rotational



15 of drips is still too large, the rotational velocity of the drive

notor is further decreased by the anmount of 10% of the specific ratio
during the specific period of time (ta) so that the drive notor is set
to the state of Ab where it is driven at 162 pps. 20

Thereafter, even if it is detected that the nunber of drips has
reached the specific nunber of drips, the rotational velocity of the
drive nmotor is increased by t he amount corresponding to the specific
ratio for the specific period of tine (ta) w thout suddenly changi ng

A where it is ro ondl

|1f1fcr eased by 1LOL§/0?' % seg%lﬁ S oﬂfﬁ ﬁel Jﬁ;ér%g%{a%n%'t ;“L%l %H{{g atei )

of 162 pps 10 Ebenskake Al 7B PSuns to Ther ad Gl BB

velocity is increased by 10% 5 to t ereby set the rotatlona velFt

200 pps (A as. Therehbetar ggE E@Eéﬁi&@é‘i V’ShSEiE&‘)J.s increased §§ deaer i bed
above, when the specific rotational velocity 1s not reached”even if
the rotati anal twekheirtlpy set thecestaelibsdl wBRoeosyred 26ofppshen rgpeated
until the 10 previous rotational velocity and the present rotational

vel ocity are wkhéi hatrget rootmt ioinadtheredpeditlilc ratio (for exanpl e,

109 .

25 the rotatignghoyel oght oargsgéh%%ﬁg% L Und Bl verddiiy' @ ©

As described above, when the specific rotational
velocity is not reached even if the rotational velocity
is controlled, the control is further repeated until the

10 previous rotational velocity and the present rotational

velocity are within the range of the specific ratio (for

example, £10%).

The rotational wvelocity of the drive motor is
controlled to the specific rotational speed without

15 Dbeing suddenly changed by' the above arrangement. As
described above in detail, there can be obtained the
peristaltic type infusion pump for feeding the infusion

by succeséively pressing the infusion tube, the infusion
pump comprising the infusion actuation means, the

20 setting/input means for setting and inputting the flow
rate of the infusion, the control means for controlling

the number of revolutions of the drive motor of the
infusion actuation means and the drip "probe unit,
ﬁrherein since the control means controls the drive motor

25 by increasing or decreasing the rotational velocity

thereof at the specific ratio based on the intervals of



The rotational velocity of the drive notor is controlled to the
specific rotational speed without 15 being suddenly changed by the above
arrangenent . As descri bed above HE detail, there can be obtained the
peristaltic type infusion punp for feedi'Hg the infusion by

successi vely pressing the infusion tube, the infusion punp conpri sing
the infusion actuation neans, the 20 setting/input nmeans for setting and

i nputting the flow rate of the infusion, the control neans for
controlling .the nunber of revolutions of the drive notor of the

or oL aC! vatdfl Y e ol tRePERRE UPLbe unie, VRELOHASLIGEI NS

control neans control s t rrve tor I NCreasi ng or ecr

rotational vel q@ilobity oft N&{EirBle thStSPEELAT Bel @bhe-B2s8d ag t#.to
15 the drip

i nterval s of

measured by therdmipe 19 obistait t thehesdtot alb@nalate witthitei iMpEihge Lrive
not or can be controlled so as to pronptly obtain the set flowrate

wi t hout i nposi Agadl on theopdthanthe patient. 5 The out put obt ai ned
by the ultrasonic sensor 5 is supplied to the CPU 6 having the
function as5the Thet eyutipudt ickrtaieeds byndhehaltragenicogemsars s is

Furt her, when the setting/input unit (setting/input neans) 7 is

used by the us&uppliedystp sthe LRU i rfpubheviing veheci fynction ofag hethe
infusion (the flow rate of the infusion), the . nunber of drips, the

i nfor mati on as SESSIRENALAER BRap§pend the comparison means. Further,

when the setting/input unit (setting/input means) 7 is

used by the user, the user sets and inputs the velocity
10 of the infusion (the flow rate of the infusion), the

number of drips, the information as to the infusion tube

being used (for example, the name of the manufacture of

the tube, the outside diameter of it and the inside

diameter thereof) through the setting/input unit
15 (setting/input means) 7.

The ROM 9 stores a size 5.0 mm as the lower limit
value of the 1length of a bubble to be detected in
accordance with Japanese Industrial Standards (T1653) as
to an infusion apparatus. When the drip of the infusion

20 begins and the CPU 6 indicates to start the detection of
a bubble, the ultrasonic waves having the specific
wavelength are transmitted from the ultrasonic wave
transmitter 5a of the ultrasonic sensor 5 and received
by the ultrasonic wave receiver 5b at the same time and

25 an output value (output signal level) is output based on

the received ultrasonic waves.



béing used (for exanple, the nane of the manufacture of t he tube, the

outside dianeter of it and the inside di aneter thereof) through the
setting/input unit 15 (setting/i npu% nmeans) 7. The ROM 9
stores a size 5.0 nmas the lower limt16 value of the length of a

bubbl e to be detected in accordance with Japanese |ndustrial Standards
(T1653) as to an infusion apparatus. Wen the drip of the infusion 20
begins and the CPU 6 indicates to start the detection of a bubble, the
ul trasoni ¢ waves having the specific wavel ength are transmtted from

the ultrasoni c wave W&%tﬂ@nﬁ%ﬁigr &gsgfs ti%es%léagfﬁﬁ%?siiﬁggﬁgéﬁaﬁgg -

recei ved by the asoni c wave recerlver " oy
an output valu Wk opid | evglhcd P ’b%’-sﬁﬂ 0 e_receive
ul trasgni c \/\/avgzgl.(‘io i of & Ci‘ﬁb%genb%% bul ’eq:e%ff s‘f%&f?'is?’ﬁ’ec
infusion tube Waves are Wt Viem&itdd Gand 488CTbBiAG ORARAL Ot‘m%%%\?t

ul trasonic waves are not reflected and the output value (outj

signal |evel) lsignalndbetal)a hi de itk Based HiH Meeve D bHLESAIHN Ghe WAVES
received by the wultrasonic wave recei ver 5b, whereas when there
exits a bubbl eultirasonic omgwes vatemeived oviey edthe aulerelsobdic wave

The CPU 6 as the determ nation neans sanpl es the out put signal |evel
at specific inteceivert Fhoor whemeplse, when there exits a bubble, the

output value is lowered to a level La.
The CPU 6 as the determination means samples the
output signal level at specific intervals t (for example,
10 every two seconds) while comparing it with a reference
i value (threshold wvalue) Lb. When th.e- output signal
level is continuously lower than the reference wvalue
{Lb) longer than the specific period of time {(ta), for
example, when it is continuously lower than the
15 reference value Lb longer than 100 milliseconds, i; is
determined that there exists a bubble having a length to
be detected in the infusion tube 1.
Warning, display and the like are carried out
baéed on the result of the determination to notify that
20 there exits the bubble having the length to be detected
in the infusion tube 1 through the display unit 8.
The'specific period of time (ta) is calculated and
determined by calculation means based on the velocity of
the infusion (the flow rate of the infusion), thé number
25 of drips, the information as to the infusion tube being

used (for example, the name of the manufacture) and the



10 every two seconds) while conparing it with a reference val ue
(threshold value) Lb. Wen the output signal | evel is continuously

| ower than the reference val ue (Lb% | onger than the specific period of
time (ta), for exanple, when it Vs continuously |ower than the
15 reference value Lb |onger than 100 mlliseconds, it is det er m ned
that there exists a bubble having a length to be detected in the

i nfusi on tube 1. Warni ng, display and the like are carried out
based on the result of the determnation to notify that 20 there exits

the bubbl e haviyngd hgiendtaveonRendgbechad in;éut];:%ytp%}?eli) %&fiv@?n?éut%g%)l .

t hrough the display unit 8. The spe

cal culated and user iekethen8dtbyngAlshatipfy MEans based on the vel ocity
of the infusion (the flow ratée of the i1nfusion), the nunber 25 of
drips, the information as to the infusion tube being used (for
exanpl'e, the name of Ash&lemibadt ubeyeaisl dé¥ail, the infusion p

17 | i ke which have been set and input by the user when the

user uses the setcondghignpot thai présent invention fAx deedihfednhabove in
detail, the infusion punp according to the present invention for
feeding theS Hnfusionobybgusaessivelelyrensisy nipet hénifnkishotubabesas
wel | as detecting_a bubble existing in the infusion conprises the

i nf usi on act uai ASafgterkhéng a bukble mypistimo dmatbef dnfysionng and

i nputting the flow , . . .
. comprises the infusion actuation means, the

setting/input means for_setting and inputting the flow
rate of the infusion and the information as to the

10 infusion tube, the pair of ultrasonic sensors disposed
at midpoint in the infusion tube in confrontation with
each other across the infusion tube and determination
means for comparing the output value from the ultrasonic
sensor with the reference value and determining that a

15 ©bubble to be detected exists when the output value is
continuously smaller than the reference value longer
than the specific period of time. Accordingly, the
infusion pump can accurately detect a bubble larger the
specific length (size) to be detected which exists in-

20 the infusion in the infusion tube and notify the
existence of the bubble by the warning, display and the
like.

The present invention is not limited to the above

embodiments and various changes and modifications can be

25 made within the spirit and scope of the present



rate of the infusion and the information as to the 10 infusion tube, the
pair of ultrasonic sensors disposed at mdpoint in the infusion tube
in confrontation with each other across the infusion tube and

determ nation means for conparing1@%e out put value fromthe ultrasonic
sensor with the reference value and determning that a 15 bubble to be
detected exi sts when the output value is continuously smaller than the
reference val ue | onger than the specific period of tine. Accordingly,

t he i nfusi on punp can accurately detect a bubble |arger the

specific | engtinden#ion ! 0 MferdFiore! €4 wWhbesexiBs Spull i b Nnd HdkgiePn in
the infusion tube and notify the exl stence of the bubble by the
war ni ng, di splaf tinsl prlesent invidt®ion, the folldhiEndrEkeiiis idreendddy i s not
limted to the above enbodi ments and vari ous changes and nodi fications
can be 25 made within the spirit and scope of the present

18 i nvention. Therefore to apprise the public of the scope of the
present invention, the follow ng clains are nade.

19



WAT IS CLAIMED IS: 1. An inf usUHmE l]"! Hflm f eedi
a peristaltic notion by successivel'y, PrEessi " usi on Tt

conpri si ng: i nfusi on actuation neans (2) driven by a dr g
for generating the peristaltic notion; 19 setting/inpur eans (7) for
setting and inputting the flow rate of the infusion; tenperature
measuri ng nmeans (14) disposed in the vicinity of the infusion tube (1) for
measuring the tenperature of the infusion tube (1); and cont rol

means (6) for selecting a previously stored correction coefficient based on
the tenperature detected by said tenperature neasuring neans (14) and the
flowrate of the infusion input through said setting/input neans (7) and

i ncreasi ng or &eﬁgiageggﬁbrfégtional velocity of the drive notor

dependi ng upon e Sele cortrection coefficient. 2. An i nfusion
punp for feeding an infusion by a peristaltic notion by successively
pressing an infusion tube, conprising: i nfusion actuation means (2)
driven by a drijve no{r if¥usqenersinhd fdie pesastid! Ht WRELLD, by a
20 _ setting/input neans ( for setting and inputting tﬂe ow rate
of the infusi operistal®ier mo@ibholbyRAREs@ivedpt @Qleks\smﬁgt e MUHWRES; B
revol utions of the drive notor; a drip probe unit (5) disposed at

m dpoi nt i n th&ubef, usompriabegf(1l) for neasuring the nunber of drips; and
control means (6) for reducing the rotational velocity of the drive
nmotor at a specific dafusishemcthetionbameants driyenndasum edriiyesaiatalrip
probe unit (5) abruptly changes and thereafter returning the rotational

vel ocity to th&omoorRETAGHREr the peXigt@litdes motign; An infusion punp (10)
for feeding an infusion bﬁgziperistaltic noti on by successively pressing an

i nfusion tube (1) asSREMPESLBREECTPARS aFBEDEFELEEY) 2B JOPNGtARS: (e
D1 UST O QP 30 ace ol AR, SRl on reans (2),driven by a diive
for setting and i npuppd,bRGeL! OWelhes Rl il Vel g Mo

vicinity of the infusion tube for measuring the

temperature of the infusion tube; and

control means for selecting a previously stored

15 correction coefficient based on the temperature detected

by said temperature measuring means and the flow rate 6f

the infusion input through said setting/input means and

increasing or decreasing the rotational velocity of the

drive motor depending upon the selected correction

20 coefficient.

2. An infusion pump for feeding an infusion by a
peristaltic motion by successively pressing an infusion
tube, comprising:

25 | infusion actuation means driven by a drive motor

for generating the peristaltic motion;
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inside diameter of the infusion t erature [

(14) disposed in the vicinity of Mﬁmﬂuwlﬂmmhﬂ (1) for'nﬁnggégélfgg@ gEEN
tenperature of the infusion tube (1); control neans (d)..for Select
previously stored correction coeffici er?lo based on the tenperature detected
by said tenperature neasuring neans (14) and the flow rate of the infusion
i nput through said setting/input nmeans (7) and increasing or decreasing the
rotational velocity of the drive notor dependi ng upon the sel ected
correction coefficient; 21 a pair of ultrasonic
sensors  (5a, 5b) di Alnpicd Rfelabls 1#bxt hed t¥es | 04 t 48Sufdind Nthe
confrontation with each other across the infusion tube (1); and

determ nati on fMRANS At JOLheORBELENgn} he out put value fromsaid ultrasonic
sensor with a reference value and determ ning that a bubble exists when the
out put val ue i s contmotsmistontyedl Inesartshafort heonefelleinee dhen geumbdrano A
specific period of tine. 4. An infusion punp (10) for feeding an

i nfusi on by a yeerdlsttaldnsc ofotthendbyve upetssi vel y pressing an infusion tube
(1) as well as detecting a bubble (17) existing in the infusion,

conpri si ngs i nf i 8Fincterabeonupdkndisnosad val idpey e ifpt Bhef or
generating the peristaltic notion: . setting/input means (7) for setting
and i nput ti ng ¥HasioRy tubee for PRBSURIRG Bie ke AihedEi®s i #8Fudi ng t he

i nside dianmeter of the infusion type g%%i . gﬁt or contr ol rreaEs §15) for
control ling the numfARHOL BEGRS iLoFs TEAVCRBII R TREREION2L VElarityY pr obe
unit (5) dispo

S at gidpoint.in the_infusi, t ube .for .measuring the nunber
of drips; oﬁﬁb%lg}ﬁi%n?oc?%)a f 8r sPreé:&%nFnd‘-a e Wl}ecﬁ a‘?r? n &F oci ty
of the drive o] a Lfie Rrafi en ;]#rgigé -dr i red by
said drip pr ob%é‘I gﬁbgbr%g%#ﬁa&sgg% tﬁ?ejr:%a er re%lrlgi ngﬁfﬁ%éﬂ’
rotationahgvel @gidged Qrid & HY AR PUFRRLrAlngC¥ALULLRA onal éeﬂéb%tf?f

ultrasonic sensors (5a,5b) disposed at mdpoint in the infusion tube in
confront ati on ¢ ttheeHIrmRlhaimPeross &8¢l wdisn®n tube; and

Al a -
L R

3. An infusion pump for feeding an infusion by a
peristaltic motion by successively pressing an infusion

15 tube as well as detecting a bubble existing in the
infusion, comprising: '

infusion actuation means driven by a drive motor
for generating the peristaltic motion;

setting/input means for setting and inputting the

20 flow rate of the infusion and information including the
inside diameter of the infusion tube;

a pair of ultrasonic_sensors disposed at midpoint
in the infusion tube in confrontation with each other
across the infusion tube; and

25

determination means for comparing the output wvalue
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exi sts when the output value is continﬂqusly smal l er than tihe re

| onger than a specific period of tine. 5. An infusion punp according to
claim3 or 4, wherein the specific period of tine is cal cul ated based on
the value of the |length of a bubble to be detected which is previously set
and stored to nenory neans, the value of the flow rate of the infusion
input to said setting/input nmeans and the information as to the infusion

t ube. ftrhom said ult asox%ic sen %Fu ith a .ref&%h%‘ém‘f%iegn?e ans

for corrpari ng e out put value Trom sal trasoni c sensor w erence

val ue and det ejd¥d¥nithildipterdad UWDbbarBXE Skei B NwhBA Qﬂ'femﬂut‘t;&ﬁiﬂlevé.fue

continuously smaller than the reference |onger than a specific period of

time. 5. An igfdisiomysidlydeaanderdthan Cthe Nt Fedee WGP ¢k speci fic
period of time is calculated based on the value of the | ength of a bubble

to be detect ecspduicid peayied ofiskymeet and stored to menory neans, the
value of the flow rate of the infusion input to said setting/input
nmeans and Bhe information as to the infusion tube.

4. An infusion pump according to claim 3, wherein the

specific period of time is calculated based on the value

of the length of a bubble to be detected which is

previously set and stored to memory means, the value of

10 the flow rate of the infusion input to said

setting/input means and the information as to the

infusion tube.
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