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TITLE OF THE INVENTIQN

INFUSION METHOD AND INFUSION PUMP
S ‘. BACKGROUND OF THE INVENTION

The present invention relates to an infusion pump
and, more particularly, to a peristaltic infusion pump
for performing to infuse liquid medicine or the like by

10 pressing the outer surface of a flexible infusion tube.

To deliver the contents or liquid filled in the
infusion tube, a peristaltic infusion pump having finger
members operating in thé longitudinal direction of the
infusion tube is used.

15 Acéording to a "pumping apparatus" in Eﬁropean
Patent No. 0426273, the foliowing infusion technique is
disclosed. Closing means for closing an infusion tube
are disposed on the upstream and downstream sides of the
infusion tube, "and a pair of finger members-integrally

20 formed by a plurality of fingers are disposed between
the closing meané. After the shape portions formed in
the finger members hold the infusion tube, the finger
members are reciprocated to press the outer surface of
the infusion tube at the shape portions to almost

25 completely collapse the infusion tube, thereby reducing

the sectional area of the infusion tube.
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2 SUMMARY OF THE INVENTION

In a peristaltic infusion pump having a plurality
5 of flnger members which can be 1ndependently driven,
infusion is so performed as to almost collapse an
infusion tube.
With this arrangement, a discharge amount changes
depending on the difference in sectional area due to the
10 difference between the inner diameters of infusion tubes,
which difference results from the manufacturing
conditions of infusion tubes.
This will be described with reference to Fig. 9.
Assume that the inner diameter of a cylindrical infusion
15 tube T before collapse and a difference in inner
diameter between the tubes are defined as 2d and 2Ad,
respectively. In this case, a discharge amoﬁnt error AV
represented by nAd(Zd = Ad)L, which is a discharge
amount difference per period (cycle) of a finger
20 obtained by the difference (AA) in sectional area
difference (2Ad) due to manufacturing conditions or the
like in inner diameter between the tubes.
It is possible to manufacture infusion tubes almost
free from inner dlameter errors. These tubes, however,
25 are more expensive than infusion tubes almost free from

outer diameter errors in terms of manufacturing
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repeatedly used in actual medical services. New infusion
tubes which are frequently used are often nonuniform in
inner diameter and have errors in inner diameters. As a
5 resuit, errors occur in discharge amounts.

The present invention has been made in
consideration of the conventional problems described
above, and has as its object to provide an infusion
method and pump capable of performing infusion at a flow

10 rate with high-accuracy by allowing finger members to
appropriately press the pPredetermined portion of the
outer diameter (outer surface) of an infusion tube whose
dimensional precision is assured in ouﬁer diameter due
to a reason such as manufacturing management for

15 assuring the accuracy of the outer diameter easier than
the accuracy of the inner diameter.

In order to solve the above problems and achieve
the above object,.according to the present invention,
there are provided an infusion method and pump for

20  pressing an outer surface of an infusion tube to supply
a liquid, wherein the infusion pump comprises a
plurality of fingers which are arranged along a
longitudinal direction of the infusion tube having a
predetermined outer diameter and independently driven,

25 and holding means for stationarily holding the infusion

tube between the fingers, and the infusion tube is
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These tubes, however, 25 are nore expensive an nfusion
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° pressed from the outer surface to supply the liquid by

setting a small moving amount of each finger and
individually driving the finger;, thereby eliminating
the influence of the wall thickness of the infusion tube.
5 In the infusion method and pump, the fingers are

defined as first, second, ..., Nth fingers from an
upstream side of a liquid flow, the first to (N=-1)th
fingers are sequentially and individually driven from a
bottom dead center to top dead centers, the first to

10 (N-1)th fingers are set to simultaneously move toward
the bottom dead center when the first to'(N-l)th fingers
are phase-locked, the Nth finger is set to be
individually driven from the bottom dead center to a top
dead center next to the (N-1)th finger and.move toward

15 the bottom dead ceﬁter when the first fiﬁger reaches the
top dead center, the first and Nth fingers are
individually driven to perfectly close the infusion tube
at the top dead center, and the second to (N-1)th
fingers are individually driven not to close an inner

20 cavity of the infusion tube at the top dead center.

A clamping width between the holding means and the
bottom dead center of the first to Nth fingers is set
smaller than the outer diameter of the infusion tube.-

One or a plurality of external fingers are disposed

25 downstream the Nth finger to suppress pulsation caused

by individual driving of the fingers, the external
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fingers are individually driven from the bottom dead

5 centér to the top dead center at a phase for
individually driving the Nth finger toward the bottom
dead center, and the external fingers do not close the
infusion tube at the top dead center.

In order to suppress pulsation caused by individual

10 driving of the fingers, speed for sequentially and
individually driving the fingers from the bottom dead
center to the top dead centers is set proportional to
the reciprocal of the tﬁbe collapse amount obtained by
subtracting the clamping width from the outer diameter

15 of the infusion tube.

Other features and advantages of fhe_present
invention will be apparent from the following
description taken'in conjunction with the accompanying
drawings, in which like reference characters designate

20 the same or similar parts throughout the figures thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a sectional view of an infusion pump
25 eliminating cover, and Fig. 1B is a sectional view

thereof along the line X - X in Fig. 1a;

’



there are provided an infusion nethod and punp for 20 pressing an outer

' ' i quid, wherein the infusion
fusion tube to supply a liqui

sarfaggngﬁiggslg plurality of fingers which are arrangedda{gpgiﬁed
Poggitudinal direction of the infgs!on BUbESha;hgghglding g;gng ert

T di ter and independently driven, _
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fingers, thereby elftinatiifga view ilhustnatimpce séctihmaralde iy ggness of
the infusion tyhe.; fision tube;
Fig. 3 is a graph showing the relatidﬁship petween
the discharge amount and the collapse amount obtained
5 wheﬂ the infusion tube is collapsed;

Fig. 4 is a view illustrating a sectional state of

the infusion tube;

Fig. 5 is a view showing the correction effect of
flow rate errors;

10 Fig. 6 is a view for explaining the operation of
the fingers of the infusion pump;

Fig. 7 is a graph showing comparison in flow rate
accuracy between the pfésent invention and the
conventional method;

15 Fig. 8 is a graph showing comparison in flow rate
accuracy between the present invention and the

conventional method; and

Fig. 9 is a view illustrating a sectional state of
a4 conventional infusion tube.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention
will be described in detail below with reference to the

25 accompanying drawings. Fig. 1A is a sectional view of an
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the infusion pump, and the remaining parts including
5 cover are not illustrated.

Referring to Figs. 1A and 1B, a driving motor 1 is
fixed to a base indicated by a hatched portion. A
rotation force generated upon energization is
transmitted to a cam shaft 3 through a belt 2. The cam

10 shaft 3 is rotatably Supported by a case 9 fixed to the
base.

As illustrated in Fig. 1A, six cams 4 are fixed to
the cam shaft 3. The ééms 4 are respecﬁively brought
into contact with collars 5 rotatably supported on the

15 side surfaces of finger plates 6 each having one end
fixed to a corresponding one of the fingers 10, so that
the rotating motion of each cam 4 is converted into the
linear motion of the Ccorresponding finger plate 6.

Each finger plate 6 keeps clamping an infusion tube

20 T (not shown, but indicated by the broken line) with a
reception plate 7 locked to an openable door (not shown)
through springs. Thereafter, the driving motor 1 is
driven to reciprocate the finger plates 6 in directions
indicated by the double-headed arrow in FIG. 1B. The

25 infusion tube T clamped between the finger plates ¢ and

the reception plate 7 is Sequentially closed by the



bottom dead center of the first to Nth fingers is set I sn?:LerO$han t he
outer diameter of the infusion tube. One or ap ur? ﬁ es
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supplying the liquid contained in the infusion tube T.

Bach cam plate 6 is so supported as to extend
through shafts 8 through elliptic guide holes 6a of the
5 corrésponding finger plate 6, as shown in Fig. 1B,
thereby eliminating lateral backlash. The infusion tube
T is always and stably collapsed almost vertically in
the directions indicated by the double-headed arrow.
Since the plurality of shafts 8 parallel to the shaft 3

10 which rotatably supports the corresponding cam 4 are
disposed and extend through elliptic holes each having a
diameter almost equal to that of the shaft mounted in
the finger to suppress Light-and—left backlash of the
corresponding finger.

15 There are various engaging relationships between
the cams 4 and the collars 5, and only an example is
illustrated in Figs. 1A and 1B. The engaging
relationship and the cam drive mechanism arrangement are
not limited to those shown in Figs. 1A and 1B. For

20 example, various mechanisms ranging from a groove-cam
system to a mechanism using a collar and a link can be
employed, as a matter of course. Altefnatively, each
collar rotatably mounted on a shaft so as to move a
corresponding finger back and forth in accordance with a

25 free cam curve may be brought into contact with the cam,
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Although not shown, an infusion tube having a drip

infusion cylinder (member) connected to the outlet of an
5 infuéion bag is often used by being clamped by the
fingers.

Referring to Figs. 1A and 1B, in order to allow the
finger 10 at the lowermost cam plate 6 to prevent
pulsation, this finger 10 is driven to the position of

10 the top dead center (right side in Figs. 1A and 1B) to
collapse the infusion tube while the liquid drug is
flowing in the infusion tube T. For this reason, in
order to continue suppl&ing the liquid drug downstream
even in the state of the top dead éenter position, the

15 lowérmost finger 10 gradually moves from the top dead
center to the bottom dead center during the discharge
Operations of the upper fingers. Therefore, part of the
liquid drug discharged from the upper fingers 10 can be
stored at the tube portion with which the lowermost

20 finger 10 is in contact.

To the contrary, during the in-flow (infusion) of
the liquid drug by the motion of upper fingers 10, the
finger 10 at the lowermost cam plate 6 moves from the
bottom dead center to the top dead center. The cam

25 surface timings are so set as to correct the supply of

the liquid drug and continue the supply.
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10g' Fig. 6 is a view for explaining the operatio

fingers of the infugipn P one finger 10 is disposed at each cam
plate 6 in Figs. 1A and 1B. However, a plurality of
fingers 10 may be disposed at each cam plate. If a
finger has a large thickness, only one finger may be

5 used. The plurality of fingers may have different

thicknesses. as descfibed above, the shape and number of
fingers can be arbitrarily selected. In short, the
number and shape of the upper fingers 10 are set in
accordance with a discharge amount determined by one

10 revolution of the cam shaft 3.

According to the infusion pump having the above
Structure, fingers eéxcept the uppermost finger 10 and
the lowermost finger 10 are designed not to completely
collapse the infusion tube T.

15 The principle of operation will be described with
reference to the view (Fig. 2) showing a change in
sectional area when a thick tube is collapsed.

'Referring to Fig. 2, the infusion tube T is made of
a flexible material consisting of a thefmoplastic resin

20  such as polyvinyl chloride resin almost free from
peérmanent deformation by elongation upon collapse. The
peripheral length of the infusion tube T will not change
even when fingers press the tube.

The inner diameter of the infusion tube T in a free

25 state before Collapse is defined as 2d, and an L portion
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t ube 20 DETAI LED DESCRI PTI ON OF THE PREF ST be deseribed in
The breferred enbodi ment of the present invention W

detail below with reference to the 25 acconpanying drawings. Fig. 1A is
a sectional Vi§¥/€ﬁea€hbe in the longitudinal direction is collapsed
by the fingers.
Assume that the infusion tube T is collapsed by 2Ad
to obtain an ellipse having semicircular portions each
5 having a radius d', as indicated by the broken line. 1In
this case, when the straight portion of the ellipse is
defined as K, as illustrated in Fig. 2, a peripheral
length 2%d does not change, so that the following
equations are established: .
10 2rd = 2K + 2nd' _ e (1)
d' =d - Ad e (2)
Equations (1) and (2) derive the following equation:
K = TAd " ' e (3)
An inner area S obtained by collapsing the infusion
15 tube T by 2Ad is given as follows:
S' = 2d'K + wd'?
= w(d® - Ad?) ... (4)
Since the initial area was nd?, a decrease AS in
area upon collapsing the infusion tube T by the fingers
20 by 2Ad is given by: ,
AS = mwAgd? ... (5)
As can be apparent ‘from equation (5), ﬁhe discharge
amount upon collapsing the infusion tube T is
proportional to the Square of a collapse amount Ad.

25 This indicates that the flow rate can be accurately

controlled even in use of infusion tubes T having
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the line X - Xin Fig. 1A Figs. 1A and 1B show only Fhe
SL?C?ng portion of the infusion punp, and the e iR &%ﬁ&ﬁcF.
I ncl udi ng 5 cover are not illustrated. bas indﬁggg" 1
1A and 1B, a driving notor 1 is fixed to a ba

' ' ated upomemergrzation 1s
rtion. A rotation force gener ot
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rotatably supported by a case 9 fixed to the base.

i haft 3. The
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supported 0n1aaﬁditions or the like if the collapse amount is
measured and controlled with high accuracy;
The relationships between the collapse and
5 discharge amounts of infusion tubes were actually
checked in an experiment. The graph shown in Fig. 3
representing the relationships between the actualiy
measured collapse and discharge amounts of infusion
tubes was obtained. Curves obtained by this experiment
10 ware parabolic, and it was confirmed that the measured
values almost agreed with the calculated values in
equation (5).
Actual infusion_tﬁbes T have wall thicknesses, and
tolerances which vary depending on the manufacturing
15 conditions must be added to the thickness even if these
infusion tubes are formed in the same manufacturing
method. According to the conventional driving scheme for
perfectly collapsing an infusion tube up to zero-inner
diameter, the relationship between the discharge amount
_20 and the collapse amount of the outer diameter of the
tube necessarily includes an €rror corresponding to the
wall thickness tolerance: In other words, the inner tube
area error caused by the manufacturing tolerance of the

inner diameter of the tube directly results in a

25 discharge amount error.
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8 moves maximum, when the clamping width is so set not to
make the inner diameter Zero in consideration of the
tolerance of the wall thickness, a change in discharge

5 amount depends on only the tolerance of the outer
diameter. The manufacturing tolerance of the outer
diameter of the infusion tube T can be controlled easier
than that of the inner diameter, and at the same time,
measurement can be facilitated, thereby allowing
10 manufacturing management.

When the clamping width between the finger 10 and
the receiving plate (receiving member) 7 Figs. 1A and 1B
is set larger than the'buter diameter at the bottom dead
center and larger than the wall thickness of the

15 infusion tube T at the top dead center, the flow rate
can be ménaged with high accuracy even in use of a
general inexpensive infusion tube. Such -a
general-purpose infusion tube greatly varies in outer
diameter. For this reason, an outer diameter measurement

20 sensor or outer diameter measuring apparatus (means) can

portion, calculate 3 change in discharge amount, and
control the driving motor. speed or motor rotation rate

25 in accordance with the change in discharge amount. Even
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amount error can be corrected in an infusion tube having

5 an outer diameter tolerance including an outer diameter

tolerance 2¢. Fig. 4 shows that the infusion amount

error caused by the outer diameter tolerance can be

Ccorrected such that the clamping width between the

receiving plate and the finger when the finger reaches

10 the bottom dead center is set smaller than the outer
diameter of the infusion tube.

Referring to Fig. 4, when an infusion tube T having
an inner diameter 24 without considering the wall
thickness, and an infusion tube having an inner diameter

15 2(d + a) considering the diameter tolerance of 200 are
set in the driving portions, the clamping widths are set
to 2(d - Ad) at the bottom dead center. 2Ad is the
collapse amount. Note that the inner diameter portion of
the tube is substantially perfectly collapsed at the top

20 dead center.

-The sectional areas in the respective states in

Fig. 4 are represented by equations (6) to (9):

S1 = mg? -..(6) State 1
S2 = m(d + )2 ... (7) State 2
25 S1' = m(d?® - Ad?) -..(8) State 1'
S2' =m(d + a)? - m(a + AQ)? ... (9) State 2'
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i nfusi on tube havi % IRGtgonal areas of the two infusion tubes which
in

are set free at the bottom dead center are obtained by
equations (6) and (7). & ratio of the sectional areas
when perfectly collapsing the tubes from the free state

5 corrésponding to the top dead center is given by
equation (10). Similarly, the sectional areas of the two
infusion tubes which are collapséd at the bottom dead
center are given by equations (8) and {9). When a ratio
of the sectional areas when collapsing the tubes from

10 the states obtained by equations (8) and (9) is given by

equation (11):

AS2  m(d+a) ( a)’ o
= =\{l+—] = — e
51 o += 1+zd (dYe) - (20)
... {11
AS2" _ md+a) - mlo+Ad) (1)
AST’ w(d*-Ad?)
d+Ad+2¢q o
= —— _1+2
d+Ad d+Ad
=l+2—2
dil+—
(1+ d)

From equation (10), 2a/d can be the flow rate error.
On the other hand, the error is defined as 2a/d (1+Ad/qd)
15 in equation (11).
From 20/d > 2a/d(l+Ad/d), the error is smaller in
equation (11) than in equation (10). The tube collapsed

at the bottom dead center has a smaller infusion amount



5 infusion bag
Referring
QEEFEATDSt

CRBERN

i nfusion cylinder (menber) connected to the °$fLSLrST an
is often used by being clanped by the finger 10 at t
to Figs. 1A and 15, 10 order to allowthe his finger lQ=is=8

am plaie 6 to pr event pul satiomgthis i de i n FiysS SEECANGEWR) t
Cam"F' on of 10 the top dead center (right dSI is f R peg— '
DLl t he i nfusion tube while the l'iquid drug to cd ,——ﬁg'gﬁbplying t he
collapse be T. For this reason, in or der he top dead cent er

i nf u_S:jog hu downst r eam even in the state of tvgs flroomthe top dead
lplog:“t i Onr ?he 18 CPHvirarosthef itmger cé@19§>ﬁ9&!a££y tggpgreop dead SifaYtRn dws of

d center during e drisc ar gt di schar ged from
center to the bottom dead ce fpaibnofctfifacy, |iquid drug di . he
tEe uppe: ;:Eggrgmlgﬁﬁzﬁﬁgzep P gtofed At the tube portion with which t
t he uppe i

| - st 20 finger Hg,iisiﬁnacgmagbtshowing the collapse amount vs,
ower no

flow rate error characteristics with respect to the
3 outer diameter of the tube, in which Ad/d is plotted
along the abscissa. Fig. 5 shows an effect using, as the
reference, the sectional area ratio of the two infusion.
tubes having diameter tolerance 2d in a free state at
the bottom dead center. Referring to Fig. 5, if a ratio
10 of the collapse amount to the outer diameter is 0.4, and
an error upon perfect collapse of the tube is given as
10%, then 10% x 0.7 = 7.0%. This indicates the
improvement of infusion %Scuracy.
The order of supplying the liquid'drug will be
15 described with reference to the view (Fig. 6) for
explaining the Operation to show the pPhases of the
fingers on the basis of the pPrinciple of Operation.
Referring to Fig. 6, the leftmost position of each
finger 10 is the top dead center, while the rightmost
20 position of each finger 10 is the bottom dead center.
The number N of fingers 10 is 5, and the five fingers
are driven from Step A to step F.
In step A, the lowermost fifth finger 10-5 is
located at the top dead center to close the infusion
25 tube T on the downstream side, and the remaining fingers

are located at the bottom dead center. The tube clamping
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: : o cua b
{he-motion of upper fingers 10, the \  fingér 10 at the | owermost cam.
tre{gngiﬁgvgg ?Pgﬁ{tLgngers bott om dead center to the top dead center. The
pl a

t he
cam 25 surface timngs are so set as {p correct the supply of

ant ' suppl y. :
HquId drug and conkg?gethgf ongpfynger 10 i s disposed at each cam

[ [ 10 ma
plate 6 in Figs. 1A and 1B. However, a plurality of fingers y

finger has a | arge thickness,
be di sposed at each can1p|ate. If a The pIuraI?ty e o Sy, have

glr]:‘ ?e?gﬁt i nger thrfl'gknesshes b3 Oﬂegéﬁﬁbéﬁn‘é%vm sde siElienithapurper of

outer diameter of the infusion tube. In the state
indicated by sStep A, the liquid drug flows from the
upstream side and fills the infusion tube.

5 " In step B, the uppermost first finger 10-1 moves to
the top dead center to close the infusion tube to stop
the flow. 1In step C, the fifth finger 10-5 moves toward
the bottom dead center side to open the infusion tube
toward the downstream side. In the process of steps D

10 and E, the Second, third, and fourth fingers 10- 2, 10-3,
and 10-4 Sequentially move toward the top dead center
side to Sequentially reduce the sectlonal area, thereby
discharging the liquid drug toward the downstream side
(i.e., a direction indicated by an arrow).

15 Finally, in step F, the fifth finger 10-5 moves
toward the top dead center side to close the infusion
tube, thereby completing the discharge. The first to
fourth fingers then move to the bottom dead center to
complete the operation of one period. The top dead

20 center positions of the second, third, and fourth
fingers 10-2, 10-3, ang 10-4 are set to clamp the
infusion tube so as not to completely collapse the inner
cavity of the infusion tube.

The measurement comparison examples of flow rate
25 accuracy are shown in Figs. 7 and §. The outer diameters

of the infusion tubes are plotted along the abscissa in



t he nunber and shape

: i n short, _ _
fingers can be arbitrarily selected. | accordance with a di schar ge

1 e t I n e ek
of the upper fingers 10 are s lution of the cam shaft 3. ————== -
I ned by one 10 revolu e taHEET HAShBBEN
2gggpéiﬁgt$gnlhe i nf usi on punp having tfe above fuelont

' EBDOAGER
[ t he | ower nost {|f i ngeRe&DA
except the uppernost finger 10 and

I nfusi on .
' | et el coll apse the in o the
$ﬁ2lgpfﬁchfetgfcgggratioﬁ will be described with ref erence

' ick tube is
' [ ectional area when a thlc
Lol ed, 2 showng 2 ghange ' > the infusion tube T is made of

. i tO Fl . ,21 . R |
| I apsed. Fig. 7,Refantd 9e! Qnn %ﬁﬁs(pﬁ(ghenanQsigﬁhtages
;Oflegible mat eri al consi sting of 8 ?ge?hﬁﬁ¥ per manent  def or nat | ogS by

pol yvi nyl chl oriates asivtedl ABShg! Eﬁgeégr,sgq?eﬁﬁ Irefgon &+ the ¢adusion tube T
el ongati on upon cqllapse..The . P t he t ube.
will not Changeappare@meﬁrmﬁeaoﬁbﬁﬂfgéhFgéﬁﬁéen %he pPlotted data and
between cbrrelation coefficients r calculated on the
S basis of the data in Figs. 7 and 8, the flow rate
accuracy in the conventional peristaltic scheme has a
strong éorrelation with the inner diameter, while the
flow rate accuracy in the scheme of the present
invention has a Strong correlation with the outer
10 diameter. at the same time, the flow rate accuracy of
the present invention is higher than that of the
conventional scheme.
From equation (5), the sectional area is reduced in
Proportion to the Square of the moving amount of the
15 finger to change the discharge amount. For this reason,
when the fingers are moved from the bottom dead center
to the top dead center side at a constant speed,
Pulsation occurs in the discharge amount during the
movement. When the cam curve is so set as to make the
20 moving speed of the finger from the bottom dead enter to
the top dead center proportional to a8 reciprocal of the
moving amount of the finger, i.e., the collapse amount
of the tube, the liquid drug can be supplied without any
Pulsation. Note that the number of fingers except the
25 uppermost and lowermost fingers 10 need not be plural;
but may be one having a pPredetermined thickness.

This Sheet Has Been Replaced




- i tate before
he inner diameter of the infusion tube T in a free 25 s of the tube
Tofrgpse is defined as 2d, and an L pOftlgn by the fingers.
?n the longitudinal direction is collapse

: - by 2Ad to obtgin an
Assunme that the infusion tube Tis coIL@ﬁsed 5y having a radius d, as

el li'pse having sem circular portions ea this case, when the straight

S line. In : in Fig. 2, a
i ndicated by thelF{ozgnis defined as K as ||Iustraiﬁg }glloadng
portion of the e Igngth 2[err]d does not change, so that

peri pheral ; )
equations are estab"%Heghe actual infusion pump, by referring Fig. s,

the infusion tube T has outer diameter of 4.45mm and
wall thickness of 0.65mm, the fingers 10-2 ~ 10-N~1 have
a4 stroke (between top dead center and bottom dead

5 center) of 1.3mm when not-completely collapsing the tube
and a stroke of 1.7mm when completely collapsing the
infusion tube T.

That is, a ratio of completely collapsing and not
Ccompletely Collapsing is set as 76% when the ratio is

10 set between 60% ~ 85% it becomes possible to obtain the
good effect as described above.

As has been described above, according to the
present invention, the flow rate accuracy dependent on
the outer diameter of the infusion tube can be obtained,

15 thereby pProviding an infusion pump capable of obtaining
Stable flow rate accuracy. 1In addition, the loss of
flexibility (degradation) of the tube can be minimized,

thereby providing an infusion pump capable of obtaining
Stable flow rate accuracy. | |

20 As many apparently widely different embodiments of
the present invention can be made without departing from
the spirit and Scope thereof, it is to be understood

that the invention is not limited to the specific

25 claims.



10 2[err]d = 2K + 2[err]d oo (D)

d =d- Ad .(2) Equati ons
(1) and (2) derive the follow ng equation: K =T[err]d
(3) An inner area S obtainegpdy coll apsi ngdt Ee [ nf usi on 15 __
tube T by 2Ad is given as foll ows: S = FTerrrafFerr :
[err](d[err] - [err]d[err]) TﬂBfggizgggéﬁLtN I
Since the initial area was [err]d[err], a decrease [err]$§ in a____|
upon col lapsing the infusion tube T by the fingers 2?5)by 2ZAd TS glxgncgz.
err]S =Jerr]d . C _
Le aLpareLt flogﬁggié¥iéﬁ'?gﬁp gﬁé di schar ge anount upon col | apsi ng
the infusion tube T is proportional to the square of a coll apse
amount Ad. 25 This indicates that the flow rate can be accurately

controlled even I.n ustn afnfusfies ABchyBeSs ToPAYLNG, 4n infusion tube
from an outer surface theréof to supply a liquid,
S  comprising

stationarily holding said infusion tube between a
Plurality of fingers which are arranged along a
longitudinal direction of said infusion tube having a
Predetermined outer diameter and independently driven,

10 and holding means; and

Pressing said infusion tube from said outer surface
to supply the liquid by setting a small moving amount of
each finger to a degree enough to eliminate an lnfluence
of a wall thickness of said infusion tube and

15 1nd1v1dually driving said fingers.

2. The method according to claim 1, further

comprising:
defining said fingers as first, second,..., Nth
fingers from an upstream side of liquid flow;
20 sequentially and individually driving said first to

(N-1)th fingers from a bottom dead center to top dead
center, setting said first to (N-~1)th fingers to
simultaneously move toward the bottom dead center when
said first to (N-1)th fingers are phase-locked, and

253 setting said Nth finger to be individually driven from

the bottom dead center to a top dead center next to said

R O D \\“\|\\ﬁ||““\“‘““\d



i condi tions
12 different outer diameters due tongggﬂﬁggtgahngontrol|ed with
, - se anmount is 5
ﬁr Ehe |Lrgc;f the collap The rel ati onshi ps between the collapse and S
i gh acc : -

: c
G schat go arunts of Infuston tubes wermactially
. raph shown i : _
experlnenL. lgsuglls measured col | apse and dIECh?L?s exper i ment
bet ween t he tubes was obtained. Curves obtained by asur od
InfUSIQB' were parabolic, and it was confirned that the ne
Wer e: ’

i tion (5).
. ed values in equa
val ues al nost agﬂﬁe@)whtbiﬁégi(gﬁdnﬁgyé toward the bottom dead center

when said first finger reaches the top dead center; angd
individually driving said first and Nth fingers to
perfectly close said infusion tube at the top dead '

3 cénter, and individually driving said second to (N-1)th
fingers not to close an inner cavity of said infusion
.tube at the top dead center.

3. The method according to claim 2, wherein a clamping
width between said holding means.and the bottom dead
10 center of said first to Nth fingers is set sSmaller than
the outer diameter of said infusion tube.
4, The method according to claim 2, further
comprising: '
disposing one or & plurality of external fingers
15 downstreanm said Nth finger to Suppress pulsation caused
by individual driving of said fingers;
individually driving said external fingers from a
top dead center to a bottom dead center at a phase for
moving said first to Nth fingers toward the top dead
20 center, and individually driving said external fingers
from the bottom dead center to the top dead center at a
pPhase for individually driving said Nth finger toward

the bottom dead center; and

setting said external fingers not to close said

25  infusion tube at the top dead center.
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[ rances which
Actual infusion tubes T have mal! thligneizﬁzit?ggs nusttgeeadded wht eh
' ' t he manuf acturi ng .
Yﬁ{gkﬁgggngbgg ?P t hese i nfusion tubes are forned in the sanme

he conventi onga
met hod. According tH t T -
nggfactuggpgectly col | apsing an infusi‘on tube up to z_r0|%ﬁﬁﬁ THA

REBRi ¢
di aneter, the relationship between the discharge apggg ~20_° m§ x\yybs
col | apse anobunt of the outer dianeter of the 1

[ nce. In other
[ wal | thickness tolera
o o Ehet heaponciad to tgfea error caused by the manufacturing tol erance

odbin har ge
\Q?r?rs]é the | Pgﬁ(rart Ubg‘ﬁ’@t &ethpdt aece gitectlain @Sulf[ﬁthgr cog\prld' sg' g
anmount error.

in order to Suppress pulsation caused by 1nd1v1dual
driving of said fingers, making a speed for Sequentially
and 1nd1v1dually driving said fingers from the bottom

S dead center to the top dead centers Proportional to a
reciprocal of a tube collapse amount obtained by

Subtracting the clamping width from the outer diameter

of said infusion tube.

6. An infusion Pump for pressing an outer surface of
10  an infusion tube to supply a liquid comprising:
a plurality of fingers which are arranged along a
longitudinal direction of said infusion tube having a

pPredetermined outer dlameter and 1ndependently driven,
and

15 holding means for Stationarily helding said

infusion tube between said fingers,

wherein said infusion tube is pressed from said
outer surface to Supply the liquid by setting a small

moving amount of each finger and 1ndlv1dually driving

20 said fingers, thereby eliminating an influence of a wall

thickness of saigd infusion tube.
7. The pump according to claim 6, wherein
said fingers are defined as first, second, ..., Nth

fingers from an upstream side of a liquid flow,

25 said first to (N- l1)th fingers are Sequentially and

1nd1v1dually driven from a bottom dead center to top

TTIﬁTIHiIIITHlIIﬂ ’m ) ) R I!II




. . . when
Even at the top dead center to mh{ch each fhgggrthe innepné$2ng?élngg}o he
- i idth is so set not to . o
thﬁs?bi?ﬁi?%nmgf t he tol erance of the wall thlcrnssf, a ?hange
g?scharge 5 anmount depends on only Zde tole{apce o]
di ameter. The manuf acturi ng tol erance of the oute

i t han t hat
i ion tube T can be controlled easi er :
h?gﬁ:{er and at the sane tine, _ neasuregent can b
erein él!omﬁng o nﬁnu;?ﬁtg;|28 gﬁgagenen t he receiving plate
cl anpi ng wi dth %e%a\ég%%nz‘ﬁ%siﬁ A ABrst to (N-Iyeth Ifdngerst Rae Lbe P fterk .
o o2 Thok : center and | arger than the wall thicknes

di ameter at the Sq%tlg%g‘égg]ryaq\o‘{ﬁet‘{“@pf%é&@ &ottom, dehd tenter afken

of the 15 inf93|on_tu _ of a
can be managed #atil @&QQtaESUh@-%')tq'yeﬂrigrtlarussgre phase-locked,

said Nth finger is set to be individually driven
5 from the bottom dead center to a top dead center next to
said (N-1)th finger and move toward the bottom dead
center when said first finger reaches the top dead
center, and
said first and Nth fingers are individually driven
10 to perfectly close said infusion tube at the top dead
centér, and said second to (N~1)th fingers are
individually driven not to close an inner cavity of said
infusion tube at the.déad center.
8. The pump according to claim 7, wherein a& clamping
15 width between said holding means and the bottom dead
center of said first to Nth fingers is set smaller than
the outer diameter of said infusion tube.
9. The pump according to claim 7, further comprising one
or a plurality of external fingers disposed downstream
20 said Nth finger to Suppress pulsation caused by
individual driving of said fingers, said external
fingers being individually driven from a top dead centér
to a bottom dead center at a phase for moving said first
to Nth fingers toward the top dead center, said external
25 fingers being individually driven from the bottom dead

center to the top dead Center at a phase for

This Sheet Has Been Re;
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general inexpensive infusion tube. Such a gener al - pur pose i nfusion
tube greatly varies in outer di aneter. For this reason, an outer

di aneter nmeasurenent 20 sensor or outer dianeter neasuring apparatus
(means) can be arranged in an infagion punp to a

the outer dianmeter of an infusion tube set in a driving TS SHETkioR OBEEN
cal cul ate a change in di scharge anount, and cont th@*ﬂLﬂaEng not
speed or notor rotation rate 25 in accordance with the cha

di scharge anount . Even 14
the fl ow rates can be

I f various type @ alon tubes are used,

ont col Led mﬁth L r1v1ng said Nth finger toward the bottom

dead center, and said external fingers not closing said

infusion tube at the top dead center. B

10. The Pump according to claim 8, wherein, in order to
S suppress pPulsation caused by individual driving of saig

fingers, a speed for Sequentially and lndividually

driving said fingers from the bottom dead center to the

1l1. The pump accordlng to any one of clalms 6 to 10,
further comprising a measurlng means for measuring an
Outer diameter of the infusion tube, a controlling means

15 for speed controlling a driving motor which drives the
Plurality of fingers, by calculating the variation of
flow rate of the liquid based on the outer diameter

whi
ch is measured by the measuring means.
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Fig. 4is aviewillustrating that an infusion anount error can be
corrected in an infusion tube having 5 an outer dianeter tolerance
tolerance 2a. Fig. 4 shows that the

i ncl udi ng an outer dianeter
i nfusi on anount error caused by the outer diameter tol erance can be

corrected such that the clanping w dth2bet ween the rece|V|ng plate
and the finger when the finger reaches 10 the botto —Cel TS
smal l er than the outer ABEEGETQW‘QﬁEﬁﬁScuﬂiﬂﬁ'On]ﬂ}ﬁé ‘“'L;u'
Referring to Fig. 4, when an infusion tube T having Elisd] HﬂYif

di aneter 2d without considering the wall t hi ckness, and a

t ube having an inner di anetBFUSICNSMETHOD( AND' TREUSTON HMPS| dering the dianeter
tol erance of 2a are set in'the driving portions, the clanping w dths

are set to 2 (d - Ad) at the bottomdead center. 2Ad is the
col | apse anount. t the inner dlaneter portion of the tube is
substantial ly per?g% %%E;&q &Pséf Ipfpmeonopethod and pump, in order

to perform infusion at a flow rate with high accuracy by

5 allow1ng finger members to appropriately press a
Predetermined portion of an outer diameter (outer
surface) of an infusion tube whose outer diameter
accuracy is assured, thereby causing the infusion tube
to perform a peristaltic motion, the infusion tube is

10 Stationarily held between a plurality of fingers which
are arranged along the longitudinal direction of the
infusion tube having a predetermined outer diameter and
independently driven, éﬁd a holding means. The infusion
tube is pressed from the outer surface to supply a

15  1liquid by setting a small moving amount of each finger
to a degree enough to eliminate the influence of the

wall thickness of the infusion tube and individually

driving the fingers.
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20 dead center. The sectional areas in the respective states

in - Fig. 4 are represented by equations (6) to (9): Sl =
[err]d[err] ... (6) State 1 S2 =J[err](d
+ [err])[err] : (7) State 2 25 S1' =
[err](d[err] - [err]d[err]) 1 .- (8) State 1 S2'
= [err](d + [err])[err] - [err]([err] + [err]d)[err] ... (9 State 2'
The sectional areas of the two infusion tubes which are set free at

t he bottom dead center are obtain y equations (6) and (7). A
rati o of the sectional areas _perﬁqﬂ\ly col | apsi ng the tubes
fromthe free state 25 corresponding to the top dead center is given by

( > 8
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equation (10). Simlarly, the sectional areas of the two i nfusion
t ubés which are collapsed at the bottom dead center are given by
equations (8) and (9). Wien a ratio of the sectional areas when
collapsing the tubes from 10 the states obtained by equations (8) and
(9) is given by equation (11): 2 [err]

From equation (10), 2a/d can be the flow rate error. On the other
hand, the error is defined as 2[err]/d (1+[err]d/d)

FIG. 2

2d

SI

FREE STATE COLLAPSED STATE




15 in equation (11). From 2a/d > 2[err]/d(1+Ad/d), the error is

smal-ler in equation (11) than in equation (10). The tube coll apsed
at the bottom dead center has a smaller infusion anmount

16 error than the tube coll apsed at the top dead center to

i nprove the infusion accuracy. Fig. 5is a graph show ng the
col | apse anmount vs. flowrate err%r characteristics with respect to
t he 5 outer dianeter of the tube, in which Ad/d is plotted al ong
the abscissa. Fig. 5 shows an effect using, as the reference, the

sectional area ratio of the two infusion
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tubes having dianeter tolerance 2d in a free state at t he bottom dead
center. Referring to Fig. 5, if aratio 10 of the collapse anobunt to the
outer diameter is 0.4, and an error upon perfect collapse of the tube
is given as 10% then 10%x 0.7 = 7.0% This indicates the

i nprovenent of infusion accuracy. The order of supplying the

liquid drug will be 15 described mﬁth4reference to the view (Fig. 6) for
expl ai ning the operation to show the phases of the fingers on the
basis of the principle of operation. Referring to Fig. 6, the

| eft nrost position of each bottom finger 10 is the
bottom dead center, while the rightnost 20 position of each finger 10 is
the top dead center. The nunber N of fingers 10 is 5, and the five
fingers are driven fromstep Ato step F. : In step A the

| owernost fifth finger 10-5 is | ocated at the top dead center to close

t he i nfusion

FIG. 4

TUBE SECTION
2Ad
y
FREE 2d,”
STATE L’ STATE AT
7 S1' BOTTOM
T DEAD
T CENTER
STATE 1 . - STATE 1
2 (a+Ad)
\ 4
STATE AT
s2' BOTTOM
T - DEAD
CENTER

STATE 2 STATE 2



25 tube T on the downstream side, and the remaining fingers are
| ocated at the bottom dead center. The tube cl anping

17 wi dth at the bottom dead center is set snaller than the

outer diameter of the infusion tube. In the state i ndi cated by step
A, the liquid drug flows fromthe upstreamside and fills the

i nfusi on tube. 5 In step B, ?he uppernost first finger 10-1
noves to the top dead center to close the infusion tube to stop

the flow In step C, the fifth finger 10-5 noves toward t he bottom
dead center side to open the infusion tube toward the downstream

side. In the process of steps D 10 and E, the second, third, and fourth
fingers 10-2, 10-3,

0.8

0.6

5

CORRECTION EFFECT OF
FLOW RATE ERRORS

FIG.
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and 10-4 sequentially nove toward the top dead center side to
sequentially reduce the sectional area, thereby di scharging the
liquid drug toward the downstream si de (i.e., adirection indicated

by an arrow). 15 Finally, in step F, the fifth finger 10-5 noves
toward the top dead center side to clos% the infusion t ube, thereby
conpleting the discharge. The first to fourth fingers then nove to

the bottom dead center to conpl ete the operation of one period. The
top dead 20 center fositions of the second, third, and fourth

fingers 10-2, 10-3, |an{; 10-4 are set to clgnp t he I nfusi on tube so as
. - [<p) o . .
not to conpletely collapse the inner &  &cavity nf tie infusion tube.
The neasurenent conpari¢gson exanples of 7Tfl agcuracy are shown in
Figs. 7 and 8. The{outler di anet 0N bes are plotted
al ong the abscissa in w w
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18 Fig. 7, while the inner dianeters of the infusion tubes
are-plotted along the abscissa in Fig. 8. As can be apparent from

conpari son between the plotted data and bet ween correl ation
coefficients r calculated on the 5 basis of the data in Figs. 7 and 8,
the flow rate accuracy in the copgventional peristaltic schene has a

strong correlation with the inner dianeter, while the flowrate
accuracy in the schenme of the present i nvention has a strong
correlation with the outer 10 dianeter. At the same tinme, the flowrate
accuracy of the present invention_is higher than that of the
conventional schene. Fronlqu?tion (5), the sectional area is

reduced in —
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proportion to the square of the noving anount of the 15 finger to change
t he-di scharge amount. For this reason, when the fingers are noved
from the bottom dead center to the top dead center side at a constant
speed, pul sati on occurs in the discharge anmobunt during the

novenent. \Wen the camcurve is so set @s to nake the

center 20 noving speed of the finger fromthe bottom dead center to

the top dead center proportional to a reciprocal of the novi ng anount
of the finger, i.e., the collapse anount of the tube, the liquid drug
can be supplied w thout any pul sati on. Note that the nunber of fingers
except the 25 uppernost and | owernost i ngers 10 need not be plural,

but may be one having a predeterninedgéﬁfckness.
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19 In the actual infusion punp, by referring Fig. 6,
the-infusion tube T has outer dianeter of 4.45mm and wal | thickness
of 0.65mm the fingers 10-2 ~ 10-N-1 have a stroke (between top
dead center and bottom dead 5 center) of 1.3mm when not-conpletely

col l'apsi ng the tube and a strokg of 1.7mm when conpletely

col I apsing the i nfusion tube T. That is, a ratio of
conpl etely col | apsi ng and not conpletely collapsing is set as 76%
when the ratio is 10 set between 60% ~ 85% it becones possible to obtain
t he good effect as descri bed above. As has been

descri bed above, according to the present invention, the flowrate
accuracy dependent on the outer dianmeter of the infusion tube can be
obt ai ned, 15 thereby providing an infusion punp capabl e of obtaining

FIG. 9

T T ad s
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stable flow rate accuracy. In addition, tge | oss ofh ; erX|b|I|ty
dégraddti on) of the tube can be mininzed, t here B TG

”gnfgsion pun% capabl e of obtaining stabl e fIOM/rath-4g&Eaﬁ%ﬁ’SH@ET

As many apparently widely different enbodi nents of the present
I nvention can be made wi t hout departing & om _ the $p rrtognﬂ3ﬁﬁﬂp :

thereof, it is to be understood that the inventiop |s not edf t

t he specific enbodi ments thereof except as define F I'n

25 cl ai ns.

CLAI MED | S:

WHAT 1{S

later
fingers 10 in a manner to be described “altex, thereby

supplying the liquid contained in the infusion tube T.
Each cam plate 6 is so supported as to extend
through shafts 8 through elliptic guide holes 6a of the
S5 corresponding finger plate 6, as shown in Fig. 1B,.
thereby eliminating lateral backlash. The infusion tube
T is always and stably collapsed almost vertically in
the directions indicated by the double-headed arrow.
Since the plurality of shafts 8 parallel to the shaft 3
10 which rotatably supports the corresponding cam 4 are
disposed and extend through elliptic holes each having a
diameter almost equal to that of the shaft mounted in
the finger to suppress right-and-left backlash of the
corresponding finger.
15 There are various engaging relationships between
the cams 4 and the collars 5, and only an example is
e illustrated in Figs. 1A and 1B. The engaging
relationship and the cam drive mechanism arrangement are
not limited to those shown in Figs. 1A and 1B. For
20 example, various mechanisms ranging from a groove-cam
system to a mechanism using a collar and a link can be
employed, as a matter of course. Altefnatively, each
collar rotatably mounted on a shaft so as to move a
corresponding finger back and forth in accordance with a

25 free cam curve may be brought into contact with the cam,

AFovzio\ - §
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1. . An infusion nmethod of pressing an infusion tube froman outer
surface ‘thereof to supply a liquid, conprising statlgngtLwathdﬁng
‘sai d infusion tube between hol di ng neans and a plural Fobs Qb _qgggﬁgqy
driven fingers which are arranged al ong %%Iongltud|na*» I 8L oR~o—sal {d
I nfusion tube, said infusion tube havind predeterm pnefd outer di anetler}
[and independently driven, and hol di ng nmeans;]and HOAUS (%9 ¢ h

anount of discharge of the liquid to be proportional fojthe square o he
amount of collapse of the infusion tube by i ndi vi dual ly "driving said
fingers to press said infusion tube fromsaid outer ¢ he

Tquid, each ofdifeeddiloehit e YithelBIGYLANALLY ndhL¥EE 1.0 fipVe DY an amount

which elimnates an influence oi _ ness of sai _nfusion ;ube.
2. Teended 1vits acaHd N9 k01 ¢l @h® dollapse anhi@i€ify said fi .”ge.rz
conprise a first, second,..., Nth fingers froman upstreamside of liqu
f1ow t eeasidwdl dmelodtitigldequetthahlyhagdehpghyi dual Iy driving

said first to (N-1)th
- The relationships between the collapse and

5 discharge amounts of infusion tubes were actually
checked in an experiment. The graph shown in Fig. 3
representing the relationships between the actualiy
measured collapse and discharge amounts of infusion
tubes was obtained. Curves obtained by this experiment

10 '%%%%:parabolic, and it was confirmed that the measured
values almost agreed with the calculated values in
equation (5).

Actual infusion tubes T have wall thicknesses, and
tolerances which vary depending on the manufacturing

15 conditions must be added to the thickness even if these
infusion tubes are formed in the same manufacturing

“~ method. Accord:j.ng to the conventional driving scheme for
perfectly collapsing an infusion tube up to zero'inner
diameter, the relationship between the discharge amount

20 and the collapse amount of the outer diameter of the
tube necessarily includes an error corresponding to the
wall thickness tolerance. 1In other words, the inner tube
area error caused by the manufacturing tolerance of the
inner diameter of the tube directly results in a

25 discharge amount error.



- t er....Siami t-aneoust-
fingers froma bot{omdead center to a top dead cen sy “ﬁ
n%v?ng ‘'said first to (N-1)th fingers toward the bO%%9M @%§¢PGe”* o Cer
‘driving said Nth finger fromthe bottom dead center; to-a qunger
t

21 driyving ' h
d > 1559, .
?Pon1the top dead center toward the bot t1ém dead centpr mhgﬁﬁggfgkflr

' ; I d st.—and..Nt-h--f+nger s
i.nger reaches the top dead center; and ~ sal :
Leigg driven to conpletely close said infusion tubelwhen the fLL?t and Nth
fingers are at the top dead center, and said second“e—ftNtth—FinNyers

[ [ i d infusion tube
' [ to c | etely close an inner cavity of said in
3}2;2982{ hvggcondn%%r?ﬂq%% t?ﬁ‘*n(’jé’P? cgléapsedhatt e deerl dead erenter to

improve the infusion accuracy.

op- dead” é

Fig. 5 is a graph showing the collapse amount vs.
flow rate error characteristics with respect to the
5 outer diameter of the tube, in which Ad/d is plotted
along the abscissa. Fig. 5 shows an effect using, as the
reference, the sectional area ratio of the two infusion
- tubes having diameter tolerance 2d in a free state at
the bottom dead center. Referring to Fig. 5, if a ratio
10 of the collapse amount to the outer diameter is 0.4, and
an error upon perfect collapse of the tube is given as
10%, then 10% x 0.7 = 7.0%. This indicates the
improvement of infusion accuracy.
The order of supplying the liquid'drug will be
15 described with reference to the view (Fig. 6) for
explaining the operation to show the phases of the
fingers on the basis of the principle of operation.
Referring to Fig. 6, the leftmost position of each
bottom
finger 10 is the top dead center, while the rightmost
20 position of each finger 10 is the Eiﬁigaa dead center.
The number N of fingers 10 is 5, and the five fingers
are driven from Step A to step F.
In step A, the lowermost fifth finger 10-5 is
located at the top dead center to close the infusion

25 tube T on the downstream side, and the remaining fingers

are located at the bottom dead center. The tube clamping



3. The .met hod according to claim2, wherein a- clanplng wi dt h

between ‘sai d hol di ng nmeans and t he bottom dead cqn_
‘fingers is set smaller than the outer dianeter [HEH
22 4. The met hod accordlg to claijmg

pul sation caused by individual Qriving

bR 4-6¢-—pr€88I Ng an
on_.tube. 5 An i nf usk
thZ?IguL?;gzlof Fi9-i drushéhe theeinmesupiEmeteds s @heCQHEbbibﬁgtubes a

plurality of Indgpen E déigﬁg Eﬂémggézsggé:Qnégigarganqsg ;i;”EL
| ongi t udi nal '
apparent from comparison between the plotted data and
between cbrrelation coefficients r calculated on the
5 basis of the data in Figs. 7 and 8, the flow rate
accuracy in the conventional peristaltic scheme has a
strong correlation with the inner diameter, while the
~ flow rate accuracy in the scheme of the present
invention has a strong correlation with the outer
10 diameter. At the same time, the flow rate accuracy of
the present invention is higher than that of the
conventional scheme.
From equation (5), the sectional area is reduced in
proportion to the square of the moving amount of the
15 finger to change the discharge amount. For this reason,
when the fingers are moved from the bottom dead center
to the top dead center side at a constant speed,
Pulsation occurs in the discharge amount during the
movement. When the cam curve is so set as to make the
. center
20 moving speed of the finger from the bottom dead eater to
the top dead center proportional to a reciprocal of the
moving amount of the finger, i.e., the collapse amount
of the tube, the liquid drug can be supplled w1thout any
Pulsation. Note that the number of fingers except the

25 uppermost and lowermost fingers 10 need not be plural,

but may be one having a predetermined thickness.



direction of said infusion tube having a predeterm ned outer dianeter.
hol di ng" means for stationarily holding said infusion tube between said-
fingers and said holding ans, and driving EITS™T at+yely—r
associated with said fi r gp i ndi vidually nove ‘&ﬁ?‘fm@}ﬁ% SiiETGont r ol
the amount of dischar@e of .oMe |iquid 200m said infjusi on tube By Pprledsi ng
said infusion tube frewfsaid outer surface through i n‘d_i_,;\_(;g,ggﬂgggme

-said fingers by an anount which elinmnates an infl egce“o‘f “wal Ttk

‘of said infusion tube and such that an anmount of diis -of—the~ki qui d
upon collapsing the infusion tube is proportional{to t he square of the
anount of col | apaTofrst Bearilhupd on tube. 6 The punp
- according to claimb5 whereln said fingers conprise first,
second,..., Nth fingers froman
1. ' An infusion method of pressing an infusion tube from an outer

surface thereof to supply a liquid, comprising
stationarily holding said infusion tube between holding means and a plurality of
independently driven fingers which are arranged along a longitudinal direction of said

infusion tube, said infusion tube having a predetermined outer diameter; fand-

square of the amount of collapse of the infusion tube by individually driving said fingers to

press said infusion tube from said outer surface to supply the liquid, each of the fingers

being individually driven to move by an fby-setting-a-small-moviag} amount fef-each-finger
to-a-degree-enough-to-eliminate] which eliminates an influence of a wall thickness of said

infusion tube, fand-individually-driving-said-fingers-]-

~— 2. The method according to claim 1, ffurthercomprising:}
Jfdefining} wherein said fingers fas} comprise a first, second,..., Nth fingers from an

upstream side of liquid flow;
the method including sequentially and individually driving said first to (N-1)th
fingers from a bottom dead center to a top dead center, {setting} simultaneously moving
said first to (N-1)th fingers fte-simultaneously-move}-toward the bottom dead center, fwhes~
-said-first-to
~+D-1th-fingers-are-phase-locked;-and-setting} driving said Nth finger {to-be-individually
driven}-from the bottom dead center to a top dead center {next-te-said-{(N-1)th-finger} and

‘TN 0 B
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23 upstream S|de of a liquid flow, sald dI’IVi ng ‘ABa iequentially
and i-ndi vi duaIIy drives said first to (N-1)th fingers from{'bottom dead

‘center to a'top dead center, sinultaneously VSO AN gt fto (N-1)th
fingers toward the bottom dead center. o aid driving ns

I ndi vidual ly drives said Nthfinger21fromt".e 0 *tentter to a top
dead center and drives said Nth finger to he . bottom dead center when

the said first finger reaches t he top dead center said driving
means drjves. L deeme @evebmaé‘i@labogpﬁls@ag&f”&q nf usi on
t ube wheHERE=Em i TN "“" ngers are at the top dead center, and drives

said second to (N1 th fi 8 § cerft@BAEt €l y close an inner cavity of
‘sai d i nf whenpaid §i5E Wgéﬁretaﬁge%ftlﬁ?g?da%gdc?\lth fingers are at the dead center.

The punp according to claim 6, er ei [Ilgﬁﬁ% : yegniosai d

hol di ng means fiaditidusly-Sevinghsaid 155t A gsaid
completely close said infusion tube when the first and Nth fingers are at the top dead

and findividually driving] said second to (N-1)th fingers being driven to not ftol

center,

completely close an inner cavity of said infusion tube when §ajd_§ecogd to (N-1th fingers

are at the top dead center.
The method according to claim 2, wherein a clamping width

said first fte} and Nth fingers is

~ 3.
between said holding means and the bottom dead center of

set smaller than the outer diameter of said infusion tube.

2 Ry
L3 28— oxrd =

comprising:

disposing one or a plurality of exterp&l fingers
downstream said Nth finger to suppress gulsation caused
by individual driving of said fingefs; -

individually driving said 4£xternal ﬁingers from a
top dead center to a bottog’dead center at a phase for
roving said first to N fingers toward the top dead
center, and indivigdally driving said external fingers
from the bottom dead center to the top dead center at a
phase for jfdividually driving said Nth finger toward
the bogfom dead center; and

setting said external fingers not to close said

TX- eh Boe—a3 he an_deaad rente

| | \!Iml R



. set smal l er than the outer dianeter of said infusion tube.

24 8 The punp acgﬁf"%]l g ToCcham-# Wwherein,
in order to suppress pul sation caused by indi vi ttiat! dei Kt Hbpi d
fingers, a speed for sequentially and individually driving Salg i ngers
fromthe bottom dead center to the top ad cenfels 36 /48 j5ropor tional

to

a reciprocal of a tube coll apse anount obt ai ned bﬂ/ subtractl ngft e cl anpi ng
width fromthe outer dianmeter of said infusion fubé

‘claim5

9 . The punp accordi ng tolfurther _
4 A The method according to claim 3, further comprising, fin-order-to

suppress} suppressing pulsation caused by individual driving of said fingersi,} Qg;[-m&lemg—a-
speed—fef-]-sequentlally and individually driving said fingers from the bottom dead center to
the top dead {eenters} center at a speed proportional to a reciprocal of a tube collapse
amount obtained by subtracting the clamping width from the outer diameter of said infusion

tube.

5. ;{ An infusion pump for pressing an outer surface of an infusion

tube to supply a liquid, comprising:

a plurality of jndependently driven fingers which are arranged along a longitudinal
direction of said infusion tube having a predetermined outer diameter, fand-independently

-driven;-and}

holding means for stationarily holding said infusion tube between said fingers and
said holding means, and

fwherein} driving means operatively associated with said fingers to individually

move said fingers anql control the amount of discharge of the liquid from said infusion tube
by pressing said infusion tube fis-pressed]. from said outer surface {to-supply the liquid]

through individual movement of said : . unt which eliminates an influ of

wall thickness of said infusion tube and such that an amount of discharge of the liquid upon
collapsing the infusion tube is proportional to the square of the amount of collapse of the

2
6.7 ' The pump according to claim-6;7 wherein

said fingers fare-defined-as} comprise first, second,..., Nth f‘mgers from an

HIIIIII L) Hlll ll lIIl



~conprising nmeasuring neans for measuring an outer

tube, “controlling neans for speed controlling sai
by ¢al culating the variation of flowrate of the |
di anmeter which is neasured by the neasuring means.
met hod of pressing an infusion tube froman outer

supply a liquid, conprising positioning t u5| onﬁﬁ? j
a surface and a plurality of i ndepend@r?t |y driveh ‘T‘ﬁg'eﬂ"S‘* it he
fingers are arranl%ed al ong a | ongitudinal directio

tube, sai GPPTEATHP G?féﬂlqmdr%fé%s including a first

di anet

er of the infusion

uﬁﬁ*’d A ged* H#

Suf
ne

n of said i nfusilon

i nger,

a rastftimnger

24a

~at |east two i ntermedi at e flngers betvveen the first and | ast fingers,
sai d i nfusion tsaid ANd hea |

diogdually dd

fives said first to (N-1)th fingers

-fare sequentially-and-individually-driven} from a bottom dead center to g top dead {centers}
center, simultaneously moves said first to (N-1)th fingers

toward the bottom dead center,,

said driving means individually drives said Nth finger [is-set-to-be-individuatly
-driver}- from the bottom dead center to a top dead center fnext to-said (N-1)th finger} and
+move} drives said Nth finger toward the bottom dead center when the said first finger

reaches the top dead center, and

said driving means drives said first and Nth fingers fare-individually driven} to

“perfectly} completely close said infusion tube when the first and Nth fingers are at the top
dead center, and d;iveg said second to (N-1)th fingers fare-individualiy-drivennet} to not

completely close an inner cavity of said infusion tube when the first and Nth fingers are at

the dead center.
R

25 The pump according to claim # wherein a clamping width
between said holding means and the bottom dead center of said first e} and Nth fingers is

set smaller than the outer diameter of said infusion tube.

e

or a plurality of external fingers disposed downsgtream
said Nth finger to suppress pulsation caused by
individual driving of said fingers aid external
fingers being individually driven from a top dead centér
to a bottom dead cenketr at a phase for moving said first
to Nth fingers~toward the top dead center, said external

fingers“being individually driven from the bottom dead

ranta I o ey e anta ~ I e £y
op—& =0

- \\“\\\1\\\\\&\\\}\ YL

st;;hp out er

and



|nd|V|duaIIy driving said intermediate fingers to press the internediate
fingers against the outer surface of the infusion tube to supply liquid

fromthe infusion tube in an anount proportion 18 TarEd t he
anount of collapse of the infusion tube, each o RE gfi ‘g&rfrﬁd ‘Ate fi ngers
being individually driven to nove by an anount ijch el imnates{ &an

i nfluence of the wall thickness of said infusio tubgggda 1999 lll. The

met hod according to claim 10, wherei #%aid | ast Ifi nger Jrl veh roma
“bottom dead center to a top dead center to conpl et“EftV“ct*ose the! i pf usi on
tube followed by the fist finger being driven froma bottom dead:center to
.a top dead center to conpletely close the infusion tube, and sard
internediate fingers being sequentially driven froma bottom dead center

to a top dead ¢gRigiqipon, tha first tinger reaching the top dead center.
12. The nmethod according to clal , BYeTh B4 o At erEdrace=rrhgers do
not conpl et el de§d08entde, dHAISa2R LUPE- ML nh%&ﬂg%é&ﬁ fLhggrs are
at the top dead center. > An 1 nf US| on purrp SSI ng an
out er surf ace -bfEufiomitisHeontl he 8- SHORL Voo 01010 ng:
- 1- )
g 16" - The pump according to claim8; wherein, in order to suppress

—y

pulsation caused by individual driving of said fingers, a speed for sequentially and
individually driving said fingers from the bottom dead center to the top dead centers is set
proportional to a reciprocal of a tube collapse amount obtained by subtracting the clamping

width from the outer diameter of said infusion tube.

claim 2
S The pump according to {any-ene-of-claims-6-to-10}.67 further

comprising fa). measuring means for measuring an outer diameter of the infusion tube,fa}-
controlling means for speed controlling {a} said driving {metor-which-drives-the-plurality-of
fingers] means, by calculating the variation of flow rate of the liquid based on the outer

diameter which is measured by the measuring meaans.

N -10. An infusion method of pressing an infusion tube from an outer surface thereof
to supply a liquid, comprising

positioning the inﬁléion tube between a surface and a plurality of independently
driven fingers so _that the fingers are arranged along a longitudinal direction of said
infusion tube, said plurality of fingers including a first finger, a last finger and at least two

intermediate fingers between the first and last fingers, said infusion tube having a wall

thickness; and

* [4 L M S *



a plurality of independently driven fingers ad
a Jongitudinal direction of the infusion tube
including a first finger, a last finger and a
fingers between the first and |ast fingers;

opposition to the fingers, with the infusion t
l ocated between the surface and the fingers; a

nd

W ACTMBNG ] SHEE o fingers

east two I nte

: Y
1be be| ng a?aggt edl to be

24b driving neans operati vel % associ at ¢
4

ed with said plurality of

fingers to individually nove each of48aid pIu

discharaq 11 quiRTREBHYERN sl Ela g A

ks tﬁ@ﬁ{:

to the sdquare of the anpunt_of .col.lapse of the |nf Si o
insipa ke

means i nd@8RiBtidRg Quier uItang ok

dP SERPLY liggyd om

Ty of i11ngers and cause

H&th%rhﬁr%?’e to

port I onal

id d
eanﬁawnévabm iy, "

elimnatgs an influence of a wall thickness of the infusion tube.

an influence of the wall thickness of said infusion tube.

amount proportional to the square of the amount of collapse of the infusion tube, each of

said intermediate fingers being individually driven to move by an amount which eliminates

—_ 11. The method according to claim 10, wherein said last finger is driven from a

liquid, comprising:

adapted to be located between the surface and the fingers; and

bottom dead center to a top dead center to completely close the infusion tube followed by
the fist finger being driven from a bottom dead center to a top dead center to completely
close the infusion tube, and said intermediate fingers being sequentially driven from a

bottom dead center to a top dead center upon the first finger reaching the top dead center.

12.  The method according to claim 11, wherein said intermediate fingers do not

completely close the infusion tube when the intermediate fingers are at the top dead center.
13. An infusion pump for pressing an outer surface of an infusion tube to supply a
a plurality of independently driven fingers adapted to be positioned along a

longitudinal direction of the infusion tube, said plurality of fingers including a first finger,

a last finger and at least two intermediate fingers between the first and last fingers;

a surface positioned in opposition to the fingers, with the infusion tube being

* c L M S *



14, The punp according to claim 13, wherein said driving neans drives said
i.nt ermedi ate fi ngers between a bottom dead center ai : cammer
and a clanmping wi dth between said surface and the mm&gﬁ?quf s at
the bottom dead center being snaller than an out erlcdl aneter of theg

I nfusi on tube. 15 . The punp according to | & GAUGMYgDei|n {sai d
.driving neans includes a notor operatively connectled to a cam shafjt |to

rotatably drive the camshaft and a pl ?;f@’dlty of clang fTxea tTo The dam
‘shaft, each of said fingers being provi with a clollar_that is _engaged

—+

by one of the cans upon rotation of the cam shaft. 16. The punp
.-according to CHﬁVﬁg%anil"ﬁﬁérﬁﬁ\Fblye%Bc&Ed waihGafdl pHaQliS dfrrﬁigugqs idMlvigGignoat ed
sl ot thrpugh which extends the cam shaft e punp accordi ng

ol ongat opiiyr S48 & AR oMt {ﬁ&?ﬁ%y'h ofgh: @ezﬂa% B ¢ ougn

one of the elongated holes in each
surface o %he mfus?on tuts)e to discharge hqu?d Prom the infusion tube in an amount that is

proportional to the square of the amount of collapse of the infusion tube, said driving
means individually driving said intermediate fingers in a manner which eliminates an

influence of a wall thickness of the infusion tube.

14. The pump according to claim 13, wherein said driving means drives said

intermediate fingers between a bottom dead center and a top dead center, and a clamping

width between said surface and the intermediate fingers at the bottom dead center being

smaller than an outer diameter of the infusion tube.

15. The pump according to claim 13 wherein said driving means includes a motor
operatively connected to a cam shaft to rotatably drive the cam shaft and a plurality of
N cams fixed to the cam shaft, each of said fingers being provided with a collar that is

engaged by one of the cams upon rotation of the cam shaft.

16 . The pump according to claim 15, wherein each of said fingers includes an

elongated slot through which extends the cam shaft.

17. The pump according to claim 15, wherein each of said fingers includes a

plurality of elongated holes, and including a plurality of shafts each extending through one

of the elongated holes in each finger.

AR
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25 Substitute sheet - 2 August 1997

ABSTRACT OF THE DISCLOSURE

INFUSION METHOD AND INFUSION PUMP

According to an infusion method and pump, in order
to perform infusion at a flow rate with high accuracy by
allowing finger members to appropriately press a
Predetermined portion of an outer diameter (outer
surface) of an infusion tube whose outer diameter
accuracy is assured, thereby causing the infusion tube
to perform a peristaltic motion, the infusion tube is
stationarily held between a plurality of fingers which
are arranged along the longitudinal direction of the
infusion tube having a predetermined outer diameter and
independently driven, énd a holding means. The infusion
tube is pressed from the outer surface to supply a
liquid by setting a small moving amount of each finger
to a degree enough to.eliminate the influence of the
wall thickness of the infusion tube and individually
driving the fingers.

(Fig No. 6)
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