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In a tube pump 1, tWo curved portions 3, 6 are respectively 
provided at both ends of a tube 2, and tWo opening/closing 
mechanisms 11 are provided at the portions corresponding to 
opening/closing portions 4, 7. The opening/closing mecha 
nisms 11 includes cams 16, 23 protective frames 12 for 
converting the rotational motions into linear motions, and an 
actuator for rotatively driving the cams 16, 23. When the 
cams 16, 23 are rotatively driven With the operation of the 
actuator, the curved portions 3, 6 are pushed via the protec 
tive frames 12, and the How path is closed and opened by 
folding the opening/closing portions 4,7 and releasing the 
pushing state of the opening/closing portions 4, 7 to be 
restore to the original shape. By carrying out fold and unfold 
of the tube it is possible to effectively transfer the ?uid at a 
small amount of energy. 
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TUBE PUMMP 

TECHNICAL FIELD 

[0001] The present invention is related to a tube pump that 
transfers a ?uid by deforming a tube elastically. 

BACKGROUND ART 

[0002] As one example of a tube pump for transferring a 
?uid by deforming a tube elastically, a tube pump, Which 
includes a casing of Which a part of an inner Wall surface is 
formed like a circular arc surface, an elastic tube provided 
along the circular arc surface of the casing, and a roller 
pivotably provided on a circular orbit along the circular arc 
surface in the casing for pressure-feeding the ?uid in the 
elastic tube by pushing the elastic tube toWard the circular 
arc surface on the circular orbit corresponding to the circular 
arc surface, is knoWn (for example, see Japanese Laid-Open 
Patent Application No. Hei. 8-28453). 

[0003] HoWever, there is a problem that the tube pump 
having such a structure requires a large amount of energy 
When the elastic tube is squashed by the roller. 

[0004] Further, as another example of the tube pump, a 
tube pump for transferring a ?uid in Which a tube is linearly 
arranged on an inner surface of a door member attached to 
a case body so as to be capable of opening and closing, and 
the ?uid is transferred by squashing the tube at three portions 
along a longitudinal direction thereof With pushing means 
sequentially is knoWn (for example, see Japanese Laid-Open 
Patent Application No. Hei. 8-170590). 

[0005] HoWever, there is still a problem that the tube pump 
having such a structure also requires a large amount of 
energy When the elastic tube is squashed. 

[0006] Moreover, as still another example of the tube 
pump, a tube pump for pressure-feeding a ?uid in a tube in 
Which a motor and support side connecting means are 
provided on a support so that a rotational shaft of the motor 
corresponds With a central axis of the support side connect 
ing means, one end and the other end of the tube are 
respectively connected to the support side connecting means 
and motor side connecting means provided on the rotational 
axis of the motor, and the ?uid is transferred by giving the 
tube torsion and untorsion by normal and reverse rotations 
of the motor (for example, see Japanese Laid-Open Patent 
Application No. 2002-70748). 

[0007] HoWever, in the tube pump having such a structure, 
since it is necessary to rotate the rotational shaft of the motor 
in normal and reverse directions, this requires an operation 
to negate inertia of the motor every time the rotational 
direction of the motor is changed. Thus, there is a problem 
that energy loss occurs in the operation. 

DISCLOSURE OF INVENTION 

[0008] The present invention is made in consideration of 
the above-mentioned problems. It is an object of the present 
invention to provide a tube pump capable of effectively 
transferring the ?uid at a small amount of energy Without 
requiring a large amount of energy, Whereby it is possible to 
reduce a running cost of the tube pump and the energy loss 
does not occur. 
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[0009] In order to achieve the above-mentioned object, the 
present invention is directed to a tube pump for transferring 
a ?uid. In one embodiment of the invention, the tube pump 
includes: 

[0010] a tube de?ning a ?oW path therein through Which 
the ?uid is transferred, the tube being capable of being 
deformed elastically, the tube having tWo opening/closing 
portions provided at tWo spaced portions of the tube for 
opening and closing the ?oW path; and 

[0011] tWo opening/closing mechanisms Which are pro 
vided so as to correspond to the tWo opening/closing por 
tions respectively for closing the ?oW path at the tWo spaced 
portions of the tube by folding the corresponding opening/ 
closing portion of the tube and opening the ?oW path by 
unfolding the fold of the opening/closing portion; 

[0012] Wherein, When one of the tWo opening/closing 
portions is further folded after closing the ?oW path at the 
corresponding portion of the tube by operating the corre 
sponding opening/closing mechanism in a state Where the 
other opening/closing portion is folded, an internal pressure 
in the tube betWeen the tWo opening/closing portions is 
increased due to the further fold of the opening/closing 
portion, and the tube pump transfers the ?uid using the 
increased internal pressure in the tube. 

[0013] According to the invention, it is su?icient to merely 
carry out the fold and unfold of each of the opening/closing 
portions by the opening/closing mechanisms When the ?uid 
is transferred. Hence, it is possible to effectively transfer the 
?uid at a small amount of energy, and therefore to save the 
energy, Whereby it is possible to reduce a running cost 
thereof. 

[0014] In the tube pump of the invention, it is preferable 
that the degree of the fold of the tube at the one opening/ 
closing portion is different from that at the other opening/ 
closing portion to generate the increased internal pressure. 

[0015] In the tube pump of the invention, it is preferable 
that the tube has tWo spaced curved portions, and each of the 
tWo opening/closing portions is provided at a part of each of 
the tWo curved portions; and that the tube pump is con 
structed so that each of the tWo opening/closing portions is 
folded by pushing the part of each of the tWo curved 
portions With the corresponding opening/closing mecha 
nism. 

[0016] According to the invention, it is su?icient to merely 
carry out pushing each of the curved portions and releasing 
the pushing state of the curved portion When the ?uid is 
transferred. Hence, it is possible to effectively transfer the 
?uid at a small amount of energy, and therefore to save the 
energy, Whereby it is possible to reduce a running cost 
thereof. 

[0017] In the tube pump of the invention, it is preferable 
that each of the opening/closing mechanisms includes a cam 
rotatably provided at a position Where the cam faces to the 
corresponding curved portion, in Which each of the tWo 
opening/closing portions is folded or unfolded by rotation 
ally driving the corresponding cam so as to push the corre 
sponding curved portion or to release the pushing state by 
the cam. 

[0018] According to the invention, When the cam is rota 
tively driven, the opening/ closing portion is folded by push 
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ing a part of the curved portion by the rotative driving of the 
cam to close the ?oW path corresponding to the opening/ 
closing portion, and the opening/closing portion is restored 
to the-original shape thereof from the folded state by releas 
ing the pushing state to open the ?oW path corresponding to 
the opening/closing portion. 

[0019] Therefore, it is su?icient to merely carry out push 
ing each of the curved portions With the cam and releasing 
the pushing state of the curved portion When the ?uid is 
transferred. Hence, it is possible to effectively transfer the 
?uid at a small amount of energy, and therefore to save the 
energy, Whereby it is possible to reduce a running cost 
thereof dramatically. Further, it is su?icient to rotatively 
drive the cam in one direction, the energy loss does not 
occur, Whereby it is possible to transfer the ?uid e?fectively. 

[0020] In the tube pump of the invention, it is preferable 
that the degree of fold of the tube at the one opening/closing 
portion is differentiated from that at the other opening/ 
closing portion by di?ferentiating siZes of the tWo cams each 
other. 

[0021] According to the invention, since the siZes of the 
cams are different from each other, it is possible to surely 
generate a difference in siZe of the degrees of fold of the 
opening/closing portions When the opening/closing portions 
are folded by rotatively driving the cam. 

[0022] Further, it is su?icient to merely carry out pushing 
each of the curved portions With the tWo cams (large and 
small cams) and releasing the pushing state of the curved 
portion When the ?uid is transferred. Hence, it is possible to 
effectively transfer the ?uid at a small amount of energy, and 
therefore to save the energy, Whereby it is possible to reduce 
a running cost thereof dramatically. Moreover, it is su?icient 
to rotatively drive the cam in one direction, the energy loss 
does not occur, Whereby it is possible to transfer the ?uid 
e?fectively. 

[0023] In the tube pump of the invention, it is preferable 
that each of the tWo cams has a substantially semicircular 
shape. 

[0024] Further, in the tube pump of the invention, it is 
preferable that each of the opening/closing mechanisms 
further includes a protective frame reciprocatively provided 
so as to push the part of the corresponding curved portion or 
release the pushing state of the part, the protective frame 
being reciprocatively movable by rotationally driving the 
cam provided inside the frame; and that the tube pump is 
constructed so that, While each of the tWo cams is rotatively 
driven, the corresponding opening/closing portion is folded 
by pushing the part of the curved portion by movement of 
the protective frame toWard the tube, and the opening/ 
closing portion is restored to an initial state thereof by elastic 
force of the tube itself When the pushing state by the 
protective frame is released so as to move the protective 
frame toWard the opposite direction. 

[0025] According to the invention, the opening/closing 
portion is folded by pushing the part of the curved portion 
by movement of the protective frame toWard the tube When 
the cam is rotatively driven, and the opening/closing portion 
is restored to the initial shape (original shape) thereof by 
elastic force of the tube itself When the pushing state by the 
protective frame is released so as to move the protective 
frame toWard the opposite direction. 
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[0026] Therefore, since the driving force of the cam can be 
transmitted to the curved portion Without transmission loss, 
it is possible to carry out the fold of the opening/closing 
portion of the curved portion and the restoration of the fold 
e?fectively. 
[0027] In the tube pump of the invention, it is preferable 
that each of the opening/closing mechanisms further 
includes a connector for connecting the protective frame to 
the opening/closing portion. 

[0028] According to the invention, since the protective 
frame is connected to the opening/closing portion With the 
connector, the opening/ closing portion is not Worn doWn due 
to slipping betWeen the opening/closing portion and the 
protective frame. Therefore, it is possible to obtain a stable 
performance for a long time. 

[0029] It is preferable that the tube pump of the invention 
further includes a base for supporting the tube so that each 
of the tWo curved portions can be deformed elastically, and 
for supporting the tWo protective frames so that each of the 
tWo protective frames is reciprocatively moved in the base. 

[0030] According to the invention, since the tube and the 
protective frame are supported to the base, the opening/ 
closing portion can be alWays folded at a predetermined 
position. Hence, it is possible to transfer the ?uid at a 
predetermined constant amount, and this makes it possible 
to improve transmission e?iciency of the tube pump. 

[0031] In the tube pump of the invention, it is preferable 
that each of the opening/closing mechanisms further 
includes biasing means arranged betWeen the protective 
frame and the base for biasing the protective frame in the 
opposite direction, Wherein the protective frame moves in 
the opposite direction by combination of restoring force of 
the opening/closing portion and biasing force of the biasing 
means When the pushing state by the protective frame is 
released. 

[0032] According to the invention, even in the case Where 
the elastic force of the tube Weakens due to aged deteriora 
tion, it is possible to restore the folded portion of the tube to 
the original shape using the biasing force of the biasing 
means, and this makes it possible to obtain a su?icient 
performance of the tube pump for a long time. 

[0033] It is preferable that the tube pump of the invention 
further includes a ?xing jig for ?xing a predetermined 
portion of the tube to the base, Wherein the tube pump is 
constructed so that the degree of fold of each opening/ 
closing portion can be controlled by adjusting a mounting 
position of the ?xing jig With respect to the base. 

[0034] According to the invention, since it is possible to 
adjust the degree of fold of the opening/closing portion of 
each of the curved portions of the tube using the adjusting 
means, it is possible to adjust a ?oW rate of the ?uid (tra?ic 
volume) Without changing the driving speed of the tube 
pump, and this makes it possible to enhance versatility of the 
tube pump. 

[0035] Moreover, it is preferable that the tube pump of the 
invention further includes adjusting means for adjusting the 
degree of fold of each of the tWo opening/closing portions. 

[0036] Further, in the tube pump of the invention, it is 
preferable that the ?oW path is alWays closed at any one of 
the tWo opening/closing portions. 
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[0037] In another embodiment of the invention, a tube 
pump for transferring a ?uid includes: 

[0038] a tube de?ning a ?oW path therein through Which 
the ?uid is transferred, the tube being capable of being 
deformed elastically, the tube having tWo opening/closing 
portions provided at tWo spaced portions of the tube for 
opening and closing the ?oW path, and the tWo opening/ 
closing portions being arranged so as to face to each other 
through a predetermined space therebetWeen; and 

[0039] an opening/closing mechanism provided in the 
space betWeen the tWo opening/closing portions for closing 
the ?oW path at the portion corresponding to each of the tWo 
opening/closing portions by folding the tube at the opening/ 
closing portion and for opening the ?oW path by unfolding 
the fold of the opening/closing portion; 

[0040] Wherein, When one of the tWo opening/closing 
portions is further folded after closing the ?oW path at the 
corresponding portion of the tube by operating the opening/ 
closing mechanism in a state Where the other opening/ 
closing portion is folded, the degree of fold of one opening/ 
closing portion becomes differentiated from that of the other 
opening/closing portion so that an internal pressure of the 
tube betWeen the tWo opening/closing portions is increased 
due to the further fold of the opening/closing portion, and 
the tube pump transfers the ?uid using the increased internal 
pressure of the tube. 

[0041] According to the invention, it is su?icient to merely 
carry out the fold and unfold of each of the opening/closing 
portions by the opening/closing mechanisms When the ?uid 
is transferred. Hence, it is possible to effectively transfer the 
?uid at a small amount of energy, and therefore to save the 
energy, Whereby it is possible to reduce a running cost 
thereof. 

[0042] Further, since it is su?icient to provide only one 
opening/closing mechanism betWeen the tWo opening/clos 
ing portions, it is possible to make the entire tube pump 
smaller and lighter, and this makes it possible to utiliZe the 
tube pump effectively even at a space required so as to make 
the tube pump smaller and lighter. 

[0043] In the tube pump of the invention, it is preferable 
that the tube has tWo spaced curved portions, and each of the 
tWo opening/closing portions is provided at a part of each of 
the tWo curved portions; and that the tube pump is con 
structed so that each of the tWo opening/closing portions is 
folded by pushing the part of each of the tWo curved portions 
With the opening/closing mechanism. 

[0044] According to the invention, since it is su?icient to 
provide only one opening/closing mechanism betWeen the 
tWo opening/closing portions of the tube, it is possible to 
make the entire tube pump smaller and lighter, and this 
makes it possible to utiliZe the tube pump effectively even at 
a space required so as to make the tube pump smaller and 
lighter. 

[0045] In the tube pump of the invention, it is preferable 
that the opening/closing mechanism comprises a stepped 
cam in Which tWo cam portions having different siZes are 
provided in a stepWise manner so that they are rotatable 
together, an actuator and tWo arms, and the cam portions 
respectively have cam surfaces on outer peripheral surfaces 
thereof; and that the tube pump is constructed so that the tWo 
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opening/closing portions are respectively brought into con 
tact With the cam surfaces of the stepped cam via the tWo 
arms, so that each of the tWo opening/closing portions is 
folded or unfolded by each of the tWo arms While the stepped 
cam is rotatively driven. 

[0046] According to the invention, since the tWo cam 
portions having different siZes are provided in the stepped 
cam in a stepWise manner and the opening/closing portions 
respectively abut on the cam surfaces of the cam portions, it 
is possible to make the entire tube pump smaller and lighter, 
and this makes it possible to utiliZe the tube pump effectively 
even at a space required so as to make the tube pump smaller 
and lighter. 

[0047] In the tube pump of the invention, it is preferable 
that each of the tWo cam portions of the stepped cam has a 
substantially semicircular shape. 

[0048] Further, in the tube pump of the invention, it is 
preferable that the opening/closing mechanism further 
includes biasing means for biasing each of the arms in a 
direction that the fold of the opening/closing portions is 
released. 

[0049] According to the invention, even in the case Where 
the elastic force of the tube Weakens due to aged deteriora 
tion, it is possible to restore the folded portion of the tube to 
the original shape using the biasing force of the biasing 
means, and this makes it possible to obtain a su?icient 
performance of the tube pump for a long time. 

[0050] It is preferable that the tube pump of the invention 
further includes adjusting means for adjusting the degree of 
fold of each of the tWo opening/closing portions. 

[0051] According to the invention, since the degree of fold 
of the opening/closing portion of the tube can be adjusted by 
the adjusting means, it is possible to adjust a ?oW rate of the 
?uid (tra?ic volume) Without changing the driving speed of 
the tube pump, and this makes it possible to enhance 
versatility of the tube pump. 

[0052] In the tube pump of the invention, it is preferable 
that the ?oW path is alWays closed at any one of the tWo 
opening/closing portions. 
[0053] In still another embodiment of the invention, a tube 
pump for transferring a ?uid includes: 

[0054] a tube de?ning a ?oW path therein through Which 
the ?uid is transferred, the tube being capable of being 
deformed elastically, the tube having tWo opening/closing 
portions provided at tWo spaced portions of the tube for 
opening and closing the ?oW path; and 

[0055] tWo opening/closing mechanisms Which are 
respectively provided so as to correspond to the tWo open 
ing/closing portions, one of the opening/ closing mechanisms 
closing the ?oW path at one of the tWo spaced portions of the 
tube by folding the corresponding opening/closing portion 
of the tube and opening the ?oW path by unfolding the fold 
of the opening/closing portion, and the other opening/clos 
ing mechanism closing and opening the ?oW path at the 
other portion of the tube Without folding and unfolding the 
corresponding opening/closing portion of the tube; 

[0056] Wherein, When the opening/closing portion is fur 
ther folded after closing the ?oW path at the corresponding 
portion of the tube by operating the corresponding opening/ 
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closing mechanism in a state Where the other opening/ 
closing portion is closed, an internal pressure in the tube 
betWeen the tWo opening/closing portions is increased due to 
the further fold of the opening/closing portion, and the tube 
pump transfers the ?uid using the increased internal pres sure 
in the tube. 

[0057] In the tube pump of the invention, it is preferable 
that the other opening/closing mechanism includes a shut-off 
valve. 

BRIEF DESCRIPTION OF DRAWINGS 

[0058] The above and other objects, features, and the 
advantages of the invention Will readily become more appar 
ent from the following detailed description of preferred 
embodiments of the invention With reference to the accom 
panying draWings. 

[0059] FIG. 1 is a perspective vieW shoWing a tube pump 
in a ?rst embodiment according to the present invention. 

[0060] FIG. 2 is a front vieW of the tube pump shoWn in 
FIG. 1. 

[0061] FIG. 3 is a partially enlarged cross sectional vieW 
shoWing a modi?ed example of the ?rst embodiment. 

[0062] FIG. 4 is a schematic vieW shoWing the operation 
of the tube pump of the present invention. 

[0063] FIG. 5 is an explanatory draWing shoWing an 
internal pressure betWeen tWo folded portions of the tube 
pump according to the present invention. 

[0064] FIG. 6 is a plan vieW shoWing the tube pump in a 
second embodiment according to the present invention. 

[0065] FIG. 7 is a plan vieW shoWing a tube pump in a 
third embodiment according to the present invention. 

[0066] FIG. 8 is a perspective vieW shoWing a cam of the 
tube pump of the third embodiment. 

[0067] FIG. 9 is a perspective vieW shoWing an arm of the 
tube pump of the third embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0068] The preferred embodiments of a tube pump of the 
present invention are described in detail beloW With refer 
ence to the appended draWings. 

First Embodiment 

[0069] FIG. 1 is a perspective vieW shoWing a tube pump 
in a ?rst embodiment according to the present invention. 
FIG. 2 is a front vieW of the tube pump shoWn in FIG. 1. 

[0070] As shoWn in these draWings, a tube pump 1 of the 
invention includes: a elastically deformable tube 2 made 
from elastic element Which de?nes a ?oW path (not shoWn) 
therein through Which a ?uid (such as various types of gases, 
various types of liquid or the like) is transferred; tWo 
opening/closing mechanisms 11 Which close a part of the 
?oW path by folding a part of the tube 2 and open the part 
of the ?oW path by releasing (unfolding) the fold of the part 
of the tube 2; and a base 31 that supports the tube 2 and the 
opening/closing mechanisms 11. 
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[0071] The tube 2 has a feature that the tube 2 can be bent 
(or folded) easily by receiving outer force (load) in a 
direction substantially perpendicular to a longitudinal direc 
tion of the tube 2, and be restored to an initial state (initial 
shape) thereof from a folded (bent) state by removing the 
outer force (load). The part of the ?oW path is closed or 
opened by folding the tube 2 or restoring the folded state of 
the tube 2. 

[0072] There is no particular limitation to the construction 
material of the elastic element constituting the tube 2, and 
various rubber materials such as silicone rubber, various 
thermoplastic elastomers, various synthetic resins, various 
resin materials and the like may be used, for example. 

[0073] The tube 2 has tWo U-shaped (substantially 
U-shaped) curved portions 3, 6 formed so that a linear 
tubular member is curved at tWo points, and therefore the 
entire tube 2 becomes a substantially M-shaped structure. 
Further, the entire tube 2 is supported by the base 31 
(described later) so that each of the curved portions 3, 6 
becomes elastically deformable (i.e., foldable and restorable 
(unfoldable)). 
[0074] TWo opening/closing portions 4, 7 for opening and 
closing the ?oW path are respectively provided at parts of the 
curved portions 3, 6 of the tube 2. Each of the tWo opening/ 
closing portions 4, 7 is folded to a predetermined angle (so 
as to become a predetermined degree of fold) by pushing 
(applying outer force to) a part of each of the curved portions 
3, 6 With each of the opening/closing mechanisms 11 
(described later), and restores to an original U shape of each 
of the curved portions 4, 7 from the folded state by elastic 
force (self-restoring force) of the tube 2 by releasing the 
pushing force (outer force). 
[0075] Each of the tWo opening/closing portions 4, 7 
closes a portion of the ?oW path corresponding to each 
opening/closing portion 4, 7 by folding it to prevent the ?uid 
from ?oWing in the ?oW path, and opens the portion of the 
?oW path corresponding to each opening/closing portion 4, 
7 by releasing the fold thereof (restoring it from the folded 
state to the original state (original shape)) to alloW the ?uid 
to ?oW in the ?oW path. 

[0076] In this embodiment, the tWo curved portions 3, 6 
are provided at both end portions of the tube 2 in the tube 
pump 1, and each of the tWo opening/closing portions 4, 7 
is provided at a part of each of the curved portions 3, 6. 
HoWever, although it is not shoWn in the draWings, three or 
more curved portions may be provided at three or more 
portions of the tube 2, and the opening/closing portions may 
be respectively provided at parts of the curved portions. 

[0077] The base 31 has a rectangular shape, and a series of 
engagement groove 32 for engaging the tube 2 is arranged 
on a front surface side of the base 31. By engaging almost 
entire tube 2 except for the both end portions thereof in the 
engagement groove 32, the tube 2 is supported in the base 
31 in combination With the elastic force of the tube 2 itself 
and frictional force betWeen the tube 2 and the engagement 
groove 32. Material of the base 31 is not particularly limited, 
but various synthetic resins are preferable to save Weight of 
the tube pump 1. 

[0078] Concave portions 33, 34 for the curved portions 
each having a rectangular shape, of Which a dimension is 
larger than a dimension of each of the curved portions 3, 6, 
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are respectively formed in portions of the engagement 
groove 32 corresponding to the curved portions 3, 6 of the 
tube 2. By respectively placing the curved portions 3, 6 of 
the tube 2 in the concave portions 33, 34, it is possible to fold 
the opening/closing portions 4, 7 of the curved portions 3, 6 
and to restore them from the folded state to the original state. 

[0079] One end portion 9 of the tube 2 protrudes outside 
the base 31 from one end of the engagement groove 32, 
While the other end portion of the tube 2 protrudes outside 
the base 31 from the other end of the engagement groove 32. 
These protruding one end portion 9 and the other end portion 
10 of the tube 2 are connected to either a supply side (not 
shoWn) or discharge side (not shoWn) of the tube pump 1. 

[0080] As mentioned above, the tube 2 is ?xed in the 
engagement groove 32 of the base 31 in combination With 
the elastic force of the tube 2 itself and the frictional force 
betWeen the tube 2 and the engagement groove 32. HoWever, 
one or tWo adjusting means 37 as shoWn in FIG. 3 may be 
provided at the one end portion 9 and/or the other end 
portion 10 of the tube 2 that protrude from the engagement 
groove 32 (in the case Where one adjusting means 37 is 
provided, it is preferable that the adjusting means 37 is 
provided at the one end portion 9 side), and the tube 2 may 
be thereby ?xed in the base 31 by the adjusting means 37. 
FIG. 3 is a partially enlarged cross sectional vieW shoWing 
a modi?ed example of the ?rst embodiment. 

[0081] The adjusting means 37 is provided With a tubular 
?xing jig 38 having a ?ange portion 39 at one end, a ?xing 
jig side female screW portion 40 provided at a state Where 
the ?xing jig side female screW portion 40 passes through 
the ?ange portion 39 of the ?xing jig 38, a base side female 
screW portion 41 provided at a portion of the base 31 side 
corresponding to the ?xing jig side female screW portion 40, 
and an adjusting screW 42 threadably engaged in the ?xing 
jig side female screW portion 40 and the base side female 
screW portion 41. By mating (engaging) the one end portion 
9 or the other end portion 10 of the tube 2 With a central 
portion of the ?xing jig 38, the end portion 9 and/ or the other 
end portion 10 of the tube 2 is ?xed to the base 31. 

[0082] In this case, by turning the adjustment screW 42 of 
the adjusting means 37, it is possible to adjust a distance 
betWeen the ?ange portion 39 of the ?xing jig 38 and the 
base 31. Thus, by tightening or loosening the adjustment 
screW 42 to push or pull the one end portion 9 or the other 
end portion 10 of the tube 2 into or from the engagement 
groove 32 together With a tubular portion of the ?xing jig 38, 
it is possible to adjust the degree of fold (an angle of fold) 
of each of the opening/closing portions 4, 7 of the curved 
portions 3, 6 of the tube 2. 

[0083] This makes it possible to adjust a ?oW rate of the 
?uid (tra?ic volume) Without changing the driving speed of 
the tube pump 1, Whereby it is possible to enhance versatility 
of the tube pump 1. 

[0084] In this regard, the adjusting means 37 is not limited 
to the above structure. For example, any structure may be 
used as long as the tube 2 can be ?xed to the base 31 and the 
degree of fold of each of the opening/closing portions 4, 7 
of the curved portions 3, 6 of the tube 2 can be adjusted. 

[0085] Rectangular guide grooves 35, 36 each extending 
obliquely upWard from doWnWard comer portions are 
respectively provided on portions corresponding to corner 

Dec. 14, 2006 

portions (internally upWard) of the concave portions 33, 34 
for the curved portion 3, 6 of the base 31. Each of the 
opening/closing mechanisms 11 (described later) is provided 
in each of the guide grooves 35, 36. 

[0086] The guide grooves 35, 36 are provided so that tip 
portions of the protective frames 12, 12 (described later) 
respectively abut on the curved portions 3, 6 of the tube 2 
from the directions perpendicular to the longitudinal direc 
tions of the tube 2 at the curved portions 3, 6. In this 
embodiment, the guide grooves 35, 36 are provided so that 
the centerlines thereof are respectively positioned on diago 
nal lines of the concave portions 33, 34 for the curved 
portion 3, 6. 

[0087] The opening/closing mechanisms 11 are respec 
tively provided With tWo protective frames 12, 12 recipro 
catively provided to push the parts of the curved portions 3, 
6 (i.e., the opening/closing portions 4, 7) in longitudinal 
directions of the guide grooves 35, 36, tWo cams 16, 23 
positioned in the protective frames 12, 12 and rotatably 
supported to the base 31 via bearings or the like (not shoWn 
in the draWings), tWo actuators 21, 28, and tWo poWer 
transmission mechanisms 22, 29 for respectively transmit 
ting driving forces of the actuators 21, 28 to the cams 16, 23. 

[0088] Each protective frame 12 has a frame-shaped struc 
ture and is provided With a front frame portion 13 positioned 
at the tube 2 side, a back frame portion 14 positioned at the 
back of the front frame portion 13 by a predetermined 
distance, and tWo side frame portions 15, 15 that connects 
the front frame portion 13 to the back frame portion 14. The 
protective frames 12, 12 are arranged so that the outer 
surfaces of the front frame portions 13 respectively abut on 
the outer surfaces of the curved portions 3, 6 of the tube 2. 

[0089] The front frame portion 13 of each protective frame 
12 and each of the curved portions 3, 6 of the tube 2 are 
connected to each other via a connector 30 such as a band. 
Relative slip occurs betWeen the front frame portion 13 of 
each of the protective frames 12 and each of the curved 
portions 3, 6 of the tube 2 (that is, the front frame portion 13 
of each of the protective frames 12 and each of the curved 
portions 3, 6 of the tube 2 slip together Within the concave 
portion 33 or 34 for the curved portion 3 or 6) While the 
protective frames 12 reciprocate, thereby preventing the 
curved portions 3, 6 from being rubbed With the protective 
frames 12. In this regard, in the case Where the relative slip 
does not occur betWeen the front frame portion 13 of each 
of the protective frames 12 and each of the curved portions 
3, 6 of the tube 2, it is no need to provide the connector 30 
in the tube pump 1. 

[0090] Each of the cams 16, 23 is a planer cam having a 
substantially semicircular-shaped structure, and outer 
peripheral surfaces of the cams 16, 23 are formed on cam 
surfaces 17, 24, respectively. The cam surfaces 17, 24 are 
provided With curved surface portions 18, 25 that respec 
tively have semicircular arc shapes so that the centers of 
rotation 20, 27 of the cams 16, 23 become the centers of the 
cams 16, 23, and linear ?at surface portions 19, 26 each of 
Which connects both ends of each of the curved surface 
portions 18, 25. Boundary portions betWeen the curved 
surface portions 18, 25 and the ?at surface portions 19, 26 
are formed as curved surfaces each having a predetermined 
curvature (smaller than the curvature of each of the curved 
surface portions 18, 25). Material of the cams 16, 23 is not 
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particularly limited, but various synthetic resins are prefer 
able to save Weight of the tube pump 1. 

[0091] The actuators 21, 28 are, for example, motors and 
they are attached to the back face of the base 31. The poWer 
transmission mechanisms 22, 29 are respectively provided 
betWeen driving shafts (not shoWn) of the motors 21, 28 and 
the cams 16, 23. Each of the poWer transmission mecha 
nisms 22, 29 makes the driving force of each of the motors 
21, 28 be transmitted to each of the cams 16, 23, Whereby 
each of the cams 16, 23 is rotatively driven. A motor With a 
decelerator is effective as the motors 21, 28. Since the motor 
With the decelerator can be rotated at a loW speed, it is 
possible to obtain high torque; it is no need to provide an 
additional decelerator to the motor; and the curved portions 
3, 6 of the tube 2 can folloW the movement of the protective 
frames 12 When the curved portions 3, 6 are restored to the 
original shape thereof. In this regard, the actuators 21, 28 are 
not limited to the motors, and an actuator using electromag 
netic force, an actuator using ?uid pressure, or the like may 
be used. 

[0092] The poWer transmission mechanisms 22, 29 
respectively transmit the driving force of the motors 21, 28 
to the cams 16, 23. By rotating the cams 16, 23 in sync With 
each other, the poWer transmission mechanisms 22, 29 have 
a function to adjust phases of the cams 16, 23 so that the 
cams 16, 23 When the ?at surface portions 19, 26 of the cam 
surfaces 17, 24 face to the tube 2 side are out of phase With 
each other by 180°. A gear, a belt, a crank or the like may 
be mentioned as the poWer transmission mechanisms 22, 29. 
In this case, the cams 16, 23 may be rotated in sync With 
each other using a stepping motor, an encoder or the like as 
the motors 21, 28. Further, by using a single motor, the cams 
16, 23 may be rotated in sync With each other via the poWer 
transmission mechanisms 22, 29. 

[0093] Positional relationship betWeen the curved portions 
3, 6 of the tube 2, the cams 16, 23, and the protective frames 
12, 12 is set (established) so that the cam surfaces 17, 24 (the 
?at surface portions 19, 26) of the cams 16, 23 respectively 
abut on the front frame portions 13, 13 of the protective 
frames 12, 12 With the opening/closing portions 4, 7 of the 
curved portions 3, 6 of the tube 2 unfolded (i.e., When the 
opening/closing portions 4, 7 are in the U-shaped state 
(initial state)). 
[0094] By setting such a positional relationship, the open 
ing/closing portions 4, 7 of the curved portions 3, 6 of the 
tube 2 alternately repeat the folded state and the original 
state (restored state), thereby alternately repeating close and 
open of the ?oW path corresponding to each of the opening/ 
closing portions 4, 7. 

[0095] In other Words, in the case Where each of the 
curved surface portions 18, 25 of the cam surfaces 17, 24 is 
positioned at the front frame portion 13 of the protective 
frame 12, the protective frame 12 is moved to the direction 
of the tube 2 in each of the guide grooves 35, 36, and each 
of the curved portions 3, 6 of the tube 2 is pushed inWard by 
the front frame portion 13 of the protective frame 12, 
Whereby each of the opening/closing portions 4, 7 of the 
curved portions 3, 6 is folded into a substantial V shape to 
close the ?oW path corresponding to each of the opening/ 
closing portions 4, 7. On the other hand, in the case Where 
each of the ?at surface portions 19, 26 of the cam surfaces 
17, 24 is positioned at the front frame portion 13 of the 
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protective frame 12, the pushed state of each of the curved 
portions 3, 6 by the protective frame 12 is released, Whereby 
each of the opening/closing portions 4, 7 of the curved 
portions 3, 6 is restored from the substantial V shape to the 
original U shape by the elastic force of the tube 2 (self 
restoring force thereof). At this time, the protective frame 12 
folloWs the restoration of each of the curved portions 3, 6 
and is moved in each of the guide grooves 35, 36 in a 
direction that the protective frame 12 is moved aWay from 
the tube 2 (in a direction opposite to the direction in Which 
each of the opening/ closing portions 4, 7 is pushed), thereby 
opening the ?oW path corresponding to each of the opening/ 
closing portions 4, 7. In this case, the ?oW path is alWays 
closed at any one of (at least one of) the opening/closing 
portions 4, 7. 

[0096] Both the cams 16 and 23 are formed so that the 
siZes of the cams 16, 23 are different from each other, Which 
results in the difference betWeen the degree of fold of the 
opening/closing portion 4 of the curved portion 3 When the 
curved portion 3 is pushed by the rotational drive of the large 
cam 16 and the degree of fold of the opening/ closing portion 
7 of the curved portion 6 When the curved portion 6 is 
pushed by the rotational drive of the small cam 23. By 
generating the difference betWeen the degrees of fold of the 
opening/closing portions 4, 7, it is possible to generate a 
volume difference betWeen the pushed portions positioned at 
both sides of each of the folded portions 5, 8 When the ?oW 
path is closed by folding the opening/closing portions 4, 7. 
In other Words, the degree of fold of the opening/closing 
portion 4 When the curved portion 3 is pushed by the 
rotational drive of the large cam 16 is larger than the degree 
of fold of the opening/closing portion 7 When the curved 
portion 6 is pushed by the rotational drive of the small cam 
23. For this reason, the volume of the pushed portion 
positioned at both sides of the folded portion 5 When the 
?oW path is closed by folding the opening/closing portion 4 
is larger than the volume of the pushed portion positioned at 
both sides of the folded portion 8 When the ?oW path is 
closed by folding the opening/closing portion 7. 

[0097] A cover (not shoWn) having a same shape and siZe 
as those of the base 31 is attached to the front face side of 
the base 31. The cover prevents the components of the tube 
2 and the opening/ closing mechanisms 11 from dropping out 
from the insides of the engagement groove 32 and the guide 
grooves 35, 36. 

[0098] One end portion 9 of the tube 2 of the tube pump 
1 in this embodiment constructed as described above is 
connected to a supply side (not shoWn) for the ?uid, While 
the other end portion 10 of the tube 2 of the tube pump 1 is 
connected to a discharge side (not shoWn) for the ?uid. 
When the cams 16, 23 are rotatively driven by operating the 
motors 21, 28, respectively, the operation (1) through (4) 
described beloW is sequentially repeated. 

[0099] (1) First, at an initial state, the ?at surface portion 
19 of the cam surface 17 of the large cam 16 is positioned 
at the front frame portion 13 side of the corresponding 
protective frame 12, While the curved surface portion 25 of 
the cam surface 24 of the small cam 23 is positioned at the 
front frame portion 13 side of the corresponding protective 
frame 12. Thus, the curved portion 3 of the tube 2 keeps in 
the U shape (initial shape) With non-pushed state, and the 
?oW path corresponding to the opening/closing portion 4 of 
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the curved portion 3 is in the open state. On the other hand, 
the curved portion 6 is pushed by the corresponding pro 
tective frame 12 to fold into the V shape, and the ?oW path 
corresponding to the opening/closing portion 7 of the curved 
portion 6 is in the close state. 

[0100] In this case, since the opening/closing portion 7 of 
the curved portion 6 is in the folded state, the volume at both 
sides of the folded portion 8 is decreased in comparison With 
the volume before the opening/closing portion 7 is folded. 

[0101] (2) Subsequently, each of the large and small cams 
16, 23 is rotated by 90° from the initial state of the state (1) 
described above, the curved surface portion 18 of the cam 
surface 17 of the large cam 16 is positioned at the front 
frame portion 13 side of the protective frame 12. At this 
state, the curved portion 3 is pushed by the corresponding 
protective frame 12, and the opening/closing portion 4 is 
folded into the V shape to close the ?oW path corresponding 
to the opening/closing portion 4. In this case, the small cam 
23 (opening/closing portion 7) keeps in the above state (1) 
described above (the close state). 

[0102] Further, since both the opening/closing portions 4, 
7 of the curved portions 3, 6 are in the folded state, the 
volume at both sides of each of the folded portions 5, 8 is 
decreased in comparison With the volume before they are 
folded (that is, before the opening/closing portion 4 of the 
curved portion 3 is folded after closing the ?oW path at the 
folded portion 8 of the tube 2 by folding the curved portion 
6). For this reason, the pressure (internal pressure) betWeen 
the folded portions 5 and 8 of the tube 2 rises more than that 
before the fold of the opening/closing portion 4, and 
becomes higher than the pressure at right side of the folded 
portion 8 in FIG. 2. 

[0103] (3) Subsequently, each of the large and small cams 
16, 23 is further rotated by 900 from the state (2) described 
above, the ?at surface portion 26 of the cam surface 24 of 
the small cam 23 is positioned at the front frame portion 13 
side of the corresponding protective frame 12. At this state, 
the folded state of the curved portion 6 is released, and the 
opening/closing portion 7 is restored from the V shape to the 
original U shape to open the ?oW path corresponding to the 
opening/closing portion 7 of the curved portion 6. In this 
case, the large cam 16 keeps in the state (2) described above 
(i.e., the close state). 

[0104] Further, since the opening/closing portion 4 of the 
curved portion 3 is in the folded state, the volume at both 
ends of the folded portion 5 is decreased in comparison With 
the volume before the opening/closing portion 4 is folded. 

[0105] (4) Subsequently, each of the large and small cams 
16, 23 is further rotated by 900 from the state (3) described 
above, the curved surface portion 25 of the cam surface 24 
of the small cam 23 is positioned at the front frame portion 
13 of the corresponding protective frame 12. At this state, 
the curved portion 6 is pushed by the corresponding pro 
tective frame 12, and the opening/closing portion 7 is folded 
into the V shape to close the ?oW path corresponding to the 
opening/closing portion 7. In this case, the large cam 16 
keeps in the state (2) described above (i.e., the close state). 

[0106] Further, since both the opening/closing portions 4, 
7 of the curved portions 3, 6 are in the folded state, the 
volume at both sides of each of the folded portions 5, 8 is 
decreased in comparison With the volume before they are 
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folded (that is, before the opening/closing portion 7 of the 
curved portion 6 is folded after closing the ?oW path at the 
folded portion 5 of the tube 2 by folding the curved portion 
3). For this reason, the pressure (internal pressure) betWeen 
the folded portions 5 and 8 rises more than that before the 
fold of the opening/closing portion 7, and becomes higher 
than the pressure at left side of the folded portion 8 in FIG. 
2. 

[0107] Subsequently, When each of the large and small 
cams 16, 23 is further rotated by 900 from the state (4) 
described above, the large and small cams 16, 23 return to 
the initial state (1), and one cycle (one revolution) of each 
of the large and small cams 16, 23 is terminated (ended). 

[0108] In this regard, at the state (2), the pressure betWeen 
the folded portions 5 and 8 becomes higher than the pressure 
at the right side of the folded portion 8 in FIG. 2. Hence, 
When the large and small cams 16, 23 become in the state (3) 
and the ?oW path corresponding to the opening/closing 
portion 7 of the curved portion 6 is opened, the ?uid ?oWs 
toWard right side in FIG. 2. 

[0109] Further, at the state (4), the pressure betWeen the 
folded portions 5 and 8 becomes higher than the pressure at 
the left side of the folded portion 5 in FIG. 2. Hence, When 
the large and small cams 16, 23 become in the state (1) and 
the ?oW path corresponding to the opening/closing portion 
4 of the curved portion 3 is opened, the ?uid ?oWs toWard 
left side in FIG. 2. 

[0110] In this case, since the degree of fold of the folded 
portion 5 of the opening/closing portion 4 is larger than the 
degree of fold of the folded portion 8 of the opening/closing 
portion 7, the pressure betWeen the folded portions 5 and 8 
right before the ?oW path corresponding to the opening/ 
closing portion 7 of the curved portion 6 is opened is higher 
than the pressure betWeen the folded portions 5 and 8 right 
before the ?oW path corresponding to the opening/closing 
portion 4 of the curved portion 3 is opened. For this reason, 
in one cycle of each of the cams 16, 23, the ?oW rate of ?uid 
that ?oWs toWard right side in FIG. 2 is more than the ?oW 
rate of ?uid that ?oWs toWard left side in FIG. 2. This makes 
it possible to transfer the ?uid from one end of the tube 2 (the 
left side in FIG. 2) toWard the other end of the tube 2 (the 
right side in FIG. 2). 

[0111] By repeating the operation (1) through (4) 
described above, that is, by repeating open/close of the 
opening/closing portion 4 of the curved portion 3 and 
open/close of the opening/closing portion 7 of the curved 
portion 6, the ?uid is sequentially (and continuously) trans 
ferred from one end of the tube 2 (the left side in FIG. 2) 
toWard the other end of the tube 2 (the right side in FIG. 2). 

[0112] Next, the operation of the tube pump 1 in the 
present embodiment Will be described With reference to 
FIG. 4 and the table in FIG. 5. 

[0113] (Precondition) 
[0114] (a) Both the internal pressure and external pressure 
of the tube 2 at the initial state are atmospheric pressure (i.e., 

latm). 
[0115] (b) Water is ?lled in a left end of the tube 2 (see 
FIG. 4), and the left end is thereby sealed by the Water. In 
this regard, both the left side and the right side of the Water 
at the left end in FIG. 4 are opened to atmospheric pressure. 
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[0116] (c) When the opening/closing portions 4, 7 (folded 
portions 5, 8) of the tube 2 are folded, right and left sides of 
each of the folded portions 5, 8 ?rst become in the closed 
(sealed) state. When the opening/closing portions 4, 7 are 
further folded, the volume in the tube 2 (the volume betWeen 
the folded portions 5, 8) is further decreased. 

[0117] (d) The fold of the folded portion 5 by the protec 
tive frame 12 corresponding to the large cam 16 makes the 
tube 2 be decreased more volume than in the case of the fold 
of the folded portion 8 by the protective frame 12 corre 
sponding to the small cam 23. 

[0118] (e) Internal volume of the tube 2 betWeen the 
folded portions 5, 8 When the right and left sides of each of 
the folded portions 5, 8 are in the sealed (closed) state and 
the volume of the tube 2 is not changed by further folding 
them (i.e., internal volume of the tube 2 betWeen the folded 
portions 5, 8 at the moment that the tube 2 is closed (sealed) 
at both the folded portions 5, 8) is assumed to be a volume 
c. In this regard, in FIG. 4, it is ignored that a change in the 
internal volume of the tube 2 from the open state to the state 
at the moment that the tube 2 is sealed (closed) at both the 
folded portions 5, 8. Therefore, for ease of explanation, the 
tube 2 corresponding to the portion betWeen the folded 
portions 5, 8 at the moment that the tube 2 is closed (sealed) 
at both the folded portions 5, 8 is shoWn as a cylindrical 
shape (columnar shape) in FIG. 4. 

[0119] (f) The volume of the tube 2 that is decreased While 
the protective frame 12 corresponding to the large cam 16 
further folds the tube 2 to a ?nal state (a further folded state) 
after the tube 2 is folded from the open state (the initial state) 
to the sealed (closed) state (that is, after the How path is 
closed at the folded portion 5 by folding the opening/closing 
portion 4 of the tube 2) (see FIG. 4) is assumed to be a 
volume 2><a. In this case, the substantially same volume a is 
decreased at both sides of the sealed portion (folded portion 
5). 
[0120] (g) Similarly, the volume of the tube 2 that is 
decreased While the protective frame 12 corresponding to 
the small cam 23 further folds the tube 2 to a ?nal state (a 
further folded state) after the tube 2 is folded from the open 
state (the initial state) to the sealed (closed) state (that is, 
after the How path is closed at the folded portion 8 by folding 
the opening/closing portion 7 of the tube 2) (see FIG. 4) is 
assumed to be a volume 2><b. In this case, the substantially 
same volume b is decreased at both sides of the sealed 
portion (folded portion 8). 
[0121] (h) The internal volume of the tube 2 betWeen the 
opening/closing portion 4 and the Water at the state Where 
the. protective frame 12 corresponding to the large cam 16 
folds the tube 2 at the folded portion 5 (that is, the opening/ 
closing portion 4 is in the further folded state) is assumed to 
be a volume d. 

[0122] (i) It is ideally assumed that the pressure Within the 
tube 2 is inversely proportional to the volume (isothermal 
compression: P><V=constant, Where P is a pressure, and V is 
a volume.). 

[0123] In this regard, the operation (1) through (9') 
described beloW corresponds to rows (1) through (9') in the 
table of FIG. 5, respectively. 

[0124] (1) At the initial state, the folded portion 5 corre 
sponding to the large cam 16 is in the open state, and the 
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volume (internal volume) betWeen the folded portions 5, 8 
corresponding to the cams 16, 23 becomes c—b. In this case, 
the volume betWeen the folded portion 5 corresponding to 
the large cam 16 and the Water is assumed to be d as the 
precondition described above. The pressure inside the tube 
2 is assumed to be latm (initial value). 

[0125] (2) First, the folded portion 5 corresponding to the 
large cam 16 becomes in the close state. The volume 
betWeen the folded portions 5, 8 corresponding to the cams 
16, 23 is decreased by the volume a, and it thereby becomes 
c—a—b. Since the volume betWeen the folded portions 5, 8 is 
decreased by the volume a, the pressure betWeen the folded 
portions 5, 8 becomes (c—a)/(c—a—b) obtained by dividing 
the volume before change by the volume after change. Since 
the denominator is smaller than the numerator in the above 
formula for the pressure, this pressure becomes more than 
latm. Further, the volume betWeen the Water and the folded 
portion 5 corresponding to the large cam 16 becomes d-a. 
The pressure corresponding to this portion becomes d/(d-a) 
temporarily, and this pressure also becomes more than latm. 

[0126] (2') Since the tube 2 betWeen the folded portions 5, 
8 corresponding to the cams 16, 23 is closed at both ends 
thereof, the volume or pressure thereof does not change. 
HoWever, the pressure betWeen the Water and the folded 
portion 5 corresponding to the large cam 16 becomes higher 
than the pressure at the left side of the Water in FIG. 2, and 
imbalance occurs betWeen the pressures at both sides of the 
Water. Hence, the Water is pushed toWard the left side in 
FIG. 2 temporarily. If it is assumed that the surface tension 
of the Water can be neglected and the Water is pushed until 
the internal pressure becomes latm same as the external 
pressure of the tube 2, this volume becomes d again. 

[0127] (3) The folded portion 8 corresponding to the small 
cam 23 becomes in the open state, and the volume betWeen 
the folded portions 5, 8 corresponding to the cams 16, 23 
becomes c—a. Since the right side of the tube 2 in FIG. 2 
becomes in the open state to the atmosphere, the pressure 
thereof returns to latm. 

[0128] (4) The folded portion 8 corresponding to the small 
cam 23 becomes in the close state again. The volume 
betWeen the folded portions 5, 8 corresponding to the cams 
16, 23 becomes c—a—b again, and the pressure thereof 
becomes (c—a)/(c—a—b) by dividing the volume before 
change by the volume after change. 

[0129] (5) The folded portion 5 corresponding to the large 
cam 16 becomes in the open state again. The space betWeen 
the folded portions 5, 8 corresponding to the cams 16, 23 is 
connected to the space betWeen the Water and the folded 
portion 5 corresponding to the large cam 16, and the pressure 
in these spaces becomes common (the pressures in the 
spaces are the same). The volumes thereof are respectively 
increased by a, a at both ends of the folded portion 5. As the 
precondition described above, the pressure after change 
becomes a value obtained by dividing the total of the 
respective (pressures X volumes) before change at the state 
(4) by the volume after change. A computational formula 
thereof is as folloWs. 

(Pressure before change l)><(VoluIne before change 
l)+(Pressure before change 2)><(VoluIne before change 
2)=(Pressu_re after change)><(Volume after change) 

(Pressure after change)=((Pressu_re before change 
l)><(Volume before change l)+(Pressure before change 
2)><(Volume before change 2)}/(VoluIne after change) 
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Therefore, 
P={(c—a—b)><(c—a)/(c—a—b)+d><l}/{(c—b)+(d+a)}=(c— 
a+d)/(c—b+d+a) 

[0130] Since the denominator is larger than the numerator 
in the formula for the pressure after change, the pressure 
after change becomes less than latm. 

[0131] (5') Similar to the operation (2') described above, a 
pressure difference betWeen both ends of the Water occurs. 
At this time, the pressure at the right side of the Water in 
FIG. 2 is smaller than the pressure at the left side of the 
Water in FIG. 2 (i.e., atmospheric pressure: latm). Hence, 
the Water is pushed toWard the right side in FIG. 2, Whereby 
the internal pressure returns to latm. A computational for 
mula of the volume after change is as folloWs. 

(Pressure before change)><(Volume before change)= 
(Pressure after change)><(Volume after change) 

(Volume after change)=(Pressure before change)><(Vol— 
ume before change)/(Pressure after change) 

The volume obtained by subtracting the volume betWeen the 
folded portions 5, 8 (this volume is constant) from the 
volume after change becomes as folloWs. 

[0132] The operation after the state (6) shoWs the case 
Where the operation (1) through (5') described above is 
repeated in a similar manner. 

[0133] Here, When the states (1), (5'), and (9') in Which the 
cams 16, 23 have a same phase are compared With each 
other, it can be seen from the table that the volume betWeen 
the Water and the folded portion 5 corresponding to the large 
cam 16 is decreased by a-b each cycle. In other Words, the 
tube pump 1 forms a pump that can transfer (deliver) a liquid 
by a difference betWeen the volume changes in the folded 
portions 5, 8 each cycle toWard the side Where volume 
change in one of the folded portions 5, 8 is smaller than that 
in the other. 

[0134] In this regard, it seems that an actual compression 
state is not the isothermal compression used as the precon 
dition described above, but polytropic compression (i.e., 
PVn=constant). HoWever, since principle of operation in the 
polytropic compression differs little from that in the isother 
mal compression, it does not matter. Further, the above 
explanation is made on the condition that air or gas is ?lled 
in the tube 2, but principle of operation in case of liquid is 
similar to that in case of gas except for the next point. 
Namely, in the case Where liquid is ?lled in the tube 2, the 
liquid is not compressed like the gas in the above operation, 
but is sucked due to elastic poWer or restoring poWer of the 
tube 2 as the tube 2 is sWollen (restored) by the elastic poWer 
of the tube 2 itself (self-restoring poWer of the tube 2). 

[0135] In the tube pump 1 in this embodiment constructed 
as described above, the curved portions 3, 6 of the tube 2 are 
respectively pushed via the protective frames 12 by the 
rotational drive of the large and small cams 16, 23, and the 
opening/closing portions 4, 7 of the curved portions 3, 6 are 
thereby folded. Thus, it is possible to close (seal) the How 
path corresponding to each of the opening/closing portions 
4, 7 by the fold of each of the opening/closing portions 4, 7. 
Further, by releasing the pushing state of the cams 16, 23 via 
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the protective frames 12, the opening/closing portions 4, 7 
are restored into the original shape by the restoring force 
thereof (the elastic force thereof), Whereby it is possible to 
open the How path corresponding to the opening/closing 
portions 4, 7. Therefore, it is possible to construct the tube 
pump 1 Without the need for a large amount of energy to 
open and close the opening/closing portions 4, 7, and this 
makes it possible to reduce a running cost of the tube pump 
1. 

[0136] Further, since the tube pump 1 merely requires 
rotating the cams 16, 23 in a same direction, energy loss 
does not occur as opposed to the case of rotating the cams 
in both normal and reverse directions, respectively. There 
fore, it is possible to provide a high-ef?ciency tube pump. 

[0137] In the present invention, in place of a mechanism 
(constitution) of the doWnstream opening/closing portion 7 
side in Which the How path is closed by folding the opening/ 
closing portion 7 and is opened by releasing (unfolding) the 
fold of the opening/ closing portion 7, for example, a shut-off 
valve may be provided at the opening/closing portion 7 side, 
and the tube pump I of the invention may be constructed so 
as to open and close the How path With the shut-off valve. 

Second Embodiment 

[0138] Next, a tube pump in a second embodiment accord 
ing to the present invention Will noW be described. 

[0139] In the description of the tube pump 1 of the second 
embodiment given beloW, the focus of the description is on 
the different points betWeen the ?rst embodiment described 
above and the second embodiment, and a description of the 
same parts (components) is omitted. 

[0140] FIG. 6 is a plan vieW shoWing the tube pump 1 in 
the second embodiment according to the present invention. 
The tube pump 1 of the second embodiment is provided With 
tWo biasing means 45 respectively provided betWeen the 
back frame portions 14, 14 of the tWo protective frames 12, 
12 and inner surfaces of the guide grooves 35, 36 opposing 
to the back frame portions 14, 14 Which biases the protective 
frames 12, 12 toWard the direction that each protective frame 
12 is moved aWay from the tube 2 (that is, Which biases the 
tube 2 in the direction that the fold of each of the opening/ 
closing portions 4, 7 is released). The other components 
(parts) of the tube pump 1 of the second embodiment are 
similar to those of the tube pump 1 shoWn in the ?rst 
embodiment described above. When the pushing states by 
the cams 16, 23 are released, the protective frames 12 are 
respectively moved to the direction so as to be aWay from 
the tube 2 (that is, in the direction perpendicular to the 
longitudinal direction of each of the protective frames 12) 
forcibly by the biasing force of the tWo biasing means 45. 

[0141] As the biasing means 45, for example, a tensional 
spring (extension spring), a hydraulic or pneumatic cylinder, 
or the like may be mentioned. For example, in the case 
Where a contracted spring is used, an installing location of 
the spring may be changed. 

[0142] Similar to the tube pump 1 shoWn in the ?rst 
embodiment, in the tube pump 1 shoWn in this embodiment, 
the curved portions 3, 6 of the tube 2 are pushed via the 
protective frames 12 by the rotational drive of the large and 
small cams 16, 23, and the opening/closing portions 4, 7 of 
the curved portions 3, 6 are folded, Whereby it is possible to 
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close (seal) the How path corresponding to the opening/ 
closing portions 4, 7. Further, by releasing the pushing state 
of the opening/closing portions 4, 7 via the protective 
portions 12, the opening/ closing portions 4, 7 are restored to 
the original shape by the elastic force of the opening/closing 
portions 4, 7 themselves (the elastic force of the tube 2), 
Whereby it is possible to open the How path corresponding 
to the opening/closing portions 4, 7. Hence, it is possible to 
construct the tube pump 1 Without the need for a large 
amount of energy to open and close the opening/closing 
portions 4, 7, and this makes it possible to reduce a running 
cost of the tube pump 1. 

[0143] Further, since the tube pump 1 merely requires 
rotating the cams 16, 23 in a same direction, energy loss 
does not occur as opposed to the case of rotating cams in 
both normal and reverse directions. Therefore, it is possible 
to provide a high-efficiency tube pump. 

[0144] Moreover, in this embodiment, the protective 
frames 12 are respectively moved to the direction so as to be 
aWay from the tube 2 (that is, in the direction perpendicular 
to the longitudinal direction of each of the protective frames 
12) forcibly by the biasing force of the tWo biasing means 
45. Hence, even in the case Where the elastic force of the 
tube 2 Weakens due to aged deterioration, it is possible to 
repeat the fold and restoration of the opening/closing por 
tions 4, 7 of the curved portions 3, 6 of the tube 2 stably, and 
this makes it possible to obtain a sufficient performance of 
the tube pump 1 for a long time. In this regard, the connector 
30 has a function that the opening/closing portions 4, 7 
respectively interlock (is linked to) the protective frames 12 
so that the tube 2 can shift from the close state to the open 
state in the case Where the elastic force of the tube 2 Weakens 
due to aged deterioration. 

Third Embodiment 

[0145] Next, a tube pump in a third embodiment according 
to the present invention Will noW be described. 

[0146] In the description of the tube pump 1 of the third 
embodiment given beloW, the focus of the description is on 
the different points betWeen the ?rst embodiment described 
above and the third embodiment, and a description of the 
same parts (components) is omitted. 

[0147] FIG. 7 is a plan vieW shoWing a tube pump 1 in the 
third embodiment according to the present invention. FIG. 
8 is a perspective vieW shoWing a cam 50 of the tube pump 
1 of the third embodiment. FIG. 9 is a perspective vieW 
shoWing an arm 59 or 61 of the tube pump 1 of the third 
embodiment. As shoWn in these draWings, the tube pump 1 
is provided With the curved portions 3, 6 (including the 
opening/closing portions 4, 7) so that the curved portions 3, 
6 face to each other With a predetermined space. Further, the 
tube pump 1 is provided With a cam 50 rotatably provided 
betWeen the curved portions 3, 6 (that is, Within the space), 
and arms 59, 61 respectively provided betWeen the cam 50 
and the curved portions 3, 6 Which convert the rotational 
motion of the cam 50 into the linear motion of each of the 
arms 59, 61. The tube pump I is constructed so that the 
opening/closing portions 4, 7 of the curved portions 3, 6 are 
folded-via the arms 59, 61 by the rotational drive of the cam 
50, and that the opening/closing portions 4, 7 are restored 
from the folded state to the original U shape (original state) 
by the elastic force of the tube 2. The other components of 
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the tube pump 1 of the third embodiment are same as the 
tube pump 1 shoWn in the ?rst embodiment described above. 

[0148] As shoWn in FIG. 8, the cam 50 is a stepped cam 
in Which a large cam portion 51 and a small cam portion 55 
having different siZes (radii) are provided in a stepWise 
manner so that they are rotatable together. The cam 50 is 
constructed so that a tip portion of one arm 59 abuts on a 
cam surface 52 that is an outer peripheral surface of the large 
cam portion 51, and a tip portion of the other arm 61 abuts 
on a cam surface 56 that is an outer peripheral surface of the 
small cam portion 55. Further, as shoWn in FIG. 9, through 
holes 60, 62 passing through the arms 59, 61 in a direction 
perpendicular to the longitudinal direction of each of the 
arms 59,61 (axis line thereof) are respectively provided at 
the tip portions of the arms 59, 61, and the curved portions 
3, 6 of the tube 2 are inserted into the through-holes 60, 62 
of the arms 59, 61. The arms 59, 61 are placed in guide 
grooves 66, 67 provided in a base 65 so that the longitudinal 
direction of each of the arms 59, 61 is parallel to the 
longitudinal direction of the base 65 (see FIG. 7), Whereby 
they can reciprocate in horiZontal directions of the arms 59, 
61 (i.e., in a horiZontal direction of the base 65). 

[0149] Similar to the tube pump 1 shoWn in the ?rst 
embodiment, in the tube pump 1 shoWn in this embodiment 
described above, the curved portions 3, 6 of the tube 2 are 
pushed via the arms 59, 61 by the rotational drive of the cam 
50. By folding each of the opening/closing portions 4, 7 of 
the curved portions 3, 6, it is possible to close (seal) the How 
path corresponding to each of the opening/closing portions 
4, 7. Further, by releasing the pushing state of each of the 
opening/closing portions 4, 7 via the arms 59, 61, the 
opening/closing portions 4, 7 are restored to the original 
shape by the elastic force of the opening/closing portions 4, 
7 themselves (the elastic force of the tube 2), Whereby it is 
possible to open the How path corresponding to the opening/ 
closing portions 4, 7. Hence, it is possible to construct the 
tube pump 1 Without the need for a large amount of energy 
to open and close the opening/closing portions 4, 7, and this 
makes it possible to reduce a running cost of the tube pump 
1. 

[0150] Further, since the tube pump 1 merely requires 
rotating the cam 50 in one direction, energy loss does not 
occur as opposed to the case of rotating a cam in both normal 
and reverse directions. Therefore, it is possible to provide a 
high-efficiency tube pump. 

[0151] Moreover, in this embodiment, since the fold and 
restoration of the opening/ closing portions 4, 7 of the curved 
portions 3, 6 can be carried out With the single cam 50, it is 
possible to make the tube pump 1 small-footprint, and to 
make the entire tube pump 1 smaller and lighter. This makes 
it possible to utiliZe the tube pump 1 effectively even at a 
space required so as to make the tube pump 1 smaller and 
lighter. 
[0152] In this regard, similar to the tube pump 1 of the 
second embodiment described above, the biasing means 45 
may be provided in the tube pump 1 of this embodiment. 

[0153] The present invention Was described above based 
on the embodiments shoWn in the draWings, but the present 
invention is not limited to those embodiments, and-the 
structure of each component (element) can be replaced by 
any structure capable of performing the same or a similar 
function. Further, any other components may be added to the 
present invention. 



US 2006/0280633 A1 

[0154] Further, the present invention may combine any 
tWo or more structures (features) from the embodiments 
described above. 

[0155] Moreover, three or more opening/closing portions 
may be provided in the tube pump of the present invention. 

[0156] This application claims priority to Japanese Patent 
Application No. 2003-300038 ?led Aug. 25, 2003, Which is 
hereby expressly incorporated by reference herein in its 
entirety. 

1. A tube pump for transferring a ?uid, comprising: 

a tube de?ning a ?oW path therein through Which the ?uid 
is transferred, the tube being capable of being deformed 
elastically, the tube having tWo opening/closing por 
tions provided at tWo spaced portions of the tube for 
opening and closing the ?oW path; and 

tWo opening/closing mechanisms Which are provided so 
as to correspond to the tWo opening/closing portions 
respectively for closing the ?oW path at the tWo spaced 
portions of the tube by folding the corresponding 
opening/closing portion of the tube and opening the 
?oW path by unfolding the fold of the opening/closing 
portion; 

Wherein, When one of the tWo opening/closing portions is 
further folded after closing the ?oW path at the corre 
sponding portion of the tube by operating the corre 
sponding opening/closing mechanism in a state Where 
the other opening/closing portion is folded, an internal 
pressure in the tube betWeen the tWo opening/closing 
portions is increased due to the further fold of the 
opening/closing portion, and the tube pump transfers 
the ?uid using the increased internal pressure in the 
tube. 

2. The tube pump as claimed in claim 1, Wherein the 
degree of the fold of the tube at the one opening/closing 
portion is different from that at the other opening/closing 
portion to generate the increased internal pressure. 

3. The tube pump as claimed in claim 2, Wherein the tube 
has tWo spaced curved portions, and each of the tWo 
opening/closing portions is provided at a part of each of the 
tWo curved portions; and 

Wherein the tube pump is constructed so that each of the 
tWo opening/closing portions is folded by pushing the 
part of each of the tWo curved portions With the 
corresponding opening/closing mechanism. 

4. The tube pump as claimed in claim 3, Wherein each of 
the opening/closing mechanisms includes a cam rotatably 
provided at a position Where the cam faces to the corre 
sponding curved portion, in Which each of the tWo opening/ 
closing portions is folded or unfolded by rotationally driving 
the corresponding cam so as to push the corresponding 
curved portion or to release the pushing state by the cam. 

5. The tube pump as claimed in claim 4, Wherein the 
degree of fold of the tube at the one opening/closing portion 
is differentiated from that at the other opening/closing 
portion by di?‘erentiating siZes of the tWo cams each other. 

6. The tube pump as claimed in claim 4, Wherein each of 
the tWo cams has a substantially semicircular shape. 

7. The tube pump as claimed in claim 4, Wherein each of 
the opening/closing mechanisms further includes a protec 
tive frame reciprocatively provided so as to push the part of 
the corresponding curved portion or release the pushing state 
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of the part, the protective frame being reciprocatively mov 
able by rotationally driving the cam provided inside the 
frame; and 

Wherein the tube pump is constructed so that, While each 
of the tWo cams is rotatively driven, the corresponding 
opening/ closing portion is folded by pushing the part of 
the curved portion by movement of the protective 
frame toWard the tube, and the opening/ closing portion 
is restored to an initial state thereof by elastic force of 
the tube itself When the pushing state by the protective 
frame is released so as to move the protective frame 
toWard the opposite direction. 

8. The tube pump as claimed in claim 7, Wherein each of 
the opening/closing mechanisms further includes a connec 
tor for connecting the protective frame to the opening/ 
closing portion. 

9. The tube pump as claimed in claim 7, further compris 
ing a base for supporting the tube so that each of the tWo 
curved portions can be deformed elastically, and for sup 
porting the tWo protective frames so that each of the tWo 
protective frames is reciprocatively moved in the base. 

10. The tube pump as claimed in claim 9, Wherein each of 
the opening/closing mechanisms further includes biasing 
means arranged betWeen the protective frame and the base 
for biasing the protective frame in the opposite direction, 
Wherein the protective frame moves in the opposite direction 
by combination of restoring force of the opening/closing 
portion and biasing force of the biasing means When the 
pushing state by the protective frame is released. 

11. The tube pump as claimed in claim 9, further com 
prising a ?xingjig for ?xing a predetermined portion of the 
tube to the base; 

Wherein the tube pump is constructed so that the degree of 
fold of each opening/closing portion can be controlled 
by adjusting a mounting position of the ?xing jig With 
respect to the base. 

12. The tube pump as claimed in claim 1, further com 
prising adjusting means for adjusting the degree of fold of 
each of the tWo opening/closing portions. 

13. The tube pump as claimed in claim 1, Wherein the ?oW 
path is alWays closed at any one of the tWo opening/closing 
portions. 

14. A tube pump for transferring a ?uid, comprising: 

a tube de?ning a ?oW path therein through Which the ?uid 
is transferred, the tube being capable of being deformed 
elastically, the tube having tWo opening/closing por 
tions provided at tWo spaced portions of the tube for 
opening and closing the ?oW path, and the tWo opening/ 
closing portions being arranged so as to face to each 
other through a predetermined space therebetWeen; and 

an opening/closing mechanism provided in the space 
betWeen the tWo opening/closing portions for closing 
the ?oW path at the portion corresponding to each of the 
tWo opening/closing portions by folding the tube at the 
opening/closing portion and for opening the ?oW path 
by unfolding the fold of the opening/closing portion; 

Wherein, When one of the tWo opening/closing portions is 
further folded after closing the ?oW path at the corre 
sponding portion of the tube by operating the opening/ 
closing mechanism in a state Where the other opening/ 
closing portion is folded, the degree of fold of one 
opening/closing portion becomes differentiated from 




