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(57) ABSTRACT

A pump a shaft portion arranged to extend in a vertical direc-
tion; a rotor portion arranged to surround an outer circumfer-
ence of the shaft portion, and including a magnet; and a
housing joined to the shaft portion, and arranged to contain
the rotor portion. The housing includes a stator arranged
opposite to the magnet; a rotor accommodating portion
arranged to accommodate the rotor portion; and an inlet and
an outlet each of which is arranged to pass through a portion
of'the rotor accommodating portion. A surface of at least one
of the rotor portion, the shaft portion, and the rotor accom-
modating portion includes at least one first dynamic pressure
groove arranged to support rotation of the rotor portion. A
surface of at least one of the rotor portion and the rotor
accommodating portion includes at least one second dynamic
pressure groove arranged to transfer a fluid from the inlet to
the outlet. The rotor portion includes a through hole arranged
to pass therethrough in an axial direction.
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DYNAMIC PRESSURE BEARING PUMP

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a pump arranged to
transfer a fluid through a pressure generated by a dynamic
pressure groove.

[0003] 2. Description of the Related Art

[0004] In recent years, electronic components containing
CPUs or the like have been reduced in size, and an increase in
the amount of arithmetic processing has increased the amount
of'heat generated by the electronic components. One method
of cooling such an electronic component is to load a refrig-
erant liquid in a heat pipe, and cause the refrigerant liquid to
circulate in the heat pipe to cool the electronic component.
For efficient cooling of the electronic component, use of a
pump to cause circulation of the refrigerant liquid is effective.
Miniaturization of the electronic components demands min-
iaturization of pumps.

[0005] A known small-sized pump is described in, for
example, JP-A 2007-218154. The known small-sized pump
described in JP-A 2007-218154 is a vortex pump including:
an impeller including a disc-shaped blade portion including a
plurality of blades at an outer circumference thereof, and a
tubular bearing portion including a bearing at an inner cir-
cumference thereof; a shaft arranged to support the impeller
such that the impeller is movable in a thrust direction; a drive
apparatus arranged around the bearing portion of the impeller
to rotate the impeller; and a case member arranged to contain
the impeller, the shaft, and the drive apparatus. The case
member includes a fluid transfer portion arranged to accom-
modate the blade portion, and a drive apparatus accommo-
dating portion arranged to accommodate the drive apparatus.
Dynamic pressure grooves arranged to generate dynamic
pressures in accordance with rotation of the impeller are
defined in both faces of the impeller or in surfaces of the case
member which are opposed to the respective faces of the
impeller. The dynamic pressure grooves are defined at posi-
tions inside of the blades.

[0006] The impeller of the known pump includes the blade
portion including the plurality of blades, which are arranged
to transfer a fluid, and the tubular bearing portion including
the bearing at the inner circumference thereof. The known
pump needs to include a space to accommodate the blade
portion, which makes it difficult to further reduce the size of
the electronic component.

[0007] The above and other elements, features, steps, char-
acteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

SUMMARY OF THE INVENTION

[0008] A dynamic pressure bearing pump according to a
preferred embodiment of the present invention includes a
shaft portion arranged to extend in a vertical direction; a rotor
portion arranged to surround an outer circumference of the
shaft portion, and including a magnet; and a housing joined to
the shaft portion, and arranged to contain the rotor portion.
The housing includes a stator arranged opposite to the mag-
net; a rotor accommodating portion arranged to accommo-
date the rotor portion; and an inlet and an outlet each of which
is arranged to pass through a portion of the rotor accommo-
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dating portion. A surface of at least one of the rotor portion,
the shaft portion, and the rotor accommodating portion
includes at least one first dynamic pressure groove arranged
to support rotation of the rotor portion. A surface of at least
one of the rotor portion and the rotor accommodating portion
includes at least one second dynamic pressure groove
arranged to transfer a fluid from the inlet to the outlet. The
rotor portion includes a through hole arranged to pass there-
through in an axial direction.

[0009] According to the above preferred embodiment of
the present invention, the at least one first dynamic pressure
groove, which is arranged to rotatably support the rotor por-
tion, and the at least one second dynamic pressure groove
arranged to transfer the fluid are arranged in or near the rotor
portion, and this eliminates a need to provide a space to
accommodate a blade portion, making it possible to reduce
the size of the pump.

[0010] The above and other elements, features, steps, char-
acteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a vertical cross-sectional view of a pump
according to a first preferred embodiment of the present
invention.

[0012] FIG. 2 is a vertical cross-sectional view of a rotor
portion according to the first preferred embodiment of the
present invention.

[0013] FIG. 3isatop view of the rotor portion according to
the first preferred embodiment of the present invention.
[0014] FIG. 4 is a bottom view of the rotor portion accord-
ing to the first preferred embodiment of the present invention.
[0015] FIG. 5 is a vertical cross-sectional view of a housing
according to the first preferred embodiment of the present
invention.

[0016] FIG. 6 is a vertical cross-sectional view of a housing
according to a modification of the first preferred embodiment
of the present invention.

[0017] FIG. 7 is a vertical cross-sectional view of a housing
according to a modification of the first preferred embodiment
of the present invention.

[0018] FIG. 8 is a vertical cross-sectional view of a pump
according to a modification of the first preferred embodiment
of the present invention.

[0019] FIG. 9 is a vertical cross-sectional view of a pump
according to a modification of the first preferred embodiment
of the present invention.

[0020] FIG. 10 is a vertical cross-sectional view of a pump
according to a modification of the first preferred embodiment
of the present invention.

[0021] FIG. 11 is a vertical cross-sectional view of a pump
according to a second preferred embodiment of the present
invention.

[0022] FIG. 12 is a vertical cross-sectional view of a hous-
ing according to the second preferred embodiment of the
present invention.

[0023] FIG. 13 is a vertical cross-sectional view of a hous-
ing according to a modification of the second preferred
embodiment of the present invention.

[0024] FIG. 14 is a vertical cross-sectional view of a hous-
ing according to a modification of the second preferred
embodiment of the present invention.
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[0025] FIG. 15 is a vertical cross-sectional view of a hous-
ing according to a modification of the second preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] It is assumed herein that a direction parallel to a
rotation axis of a rotor is referred to by the term “axial direc-
tion”, “axial”, or “axially”, that directions perpendicular to
the rotation axis of the rotor are referred to by the term “radial
direction”, “radial”, or “radially”, and that a direction along a
circular arc centered on the rotation axis of the rotor is
referred to by the term “circumferential direction”, “circum-
ferential”, or “circumferentially”. Note, however, that the
term “parallel” as used above includes “substantially paral-
lel”. Also note that the term “perpendicular” as used above
includes “substantially perpendicular”.

[0027] FIG.1isavertical cross-sectional view of a pump 1
according to a first preferred embodiment of the present
invention. The pump 1 is, for example, joined to a heat pipe
containing a refrigerant liquid, is installed in an electronic
device which generates heat at a CPU or the like, and is used
to circulate the refrigerant liquid within the heat pipe to cool
the electronic device. Note, however, that pumps according to
other preferred embodiments of the present invention may be
used to transfer fluids for purposes other than cooling, and
that fluids other than refrigerant liquids may be used in other
preferred embodiments of the present invention. Also note
that pumps according to preferred embodiments of the
present invention may be used for household electrical appli-
ances, transportation equipment, such as automobiles, medi-
cal appliances, or other applications.

[0028] Referring to FIG. 1, the pump 1 according to the
present preferred embodiment includes a housing 10, a rotor
portion 20, and a shaft portion 30.

[0029] The housing 10 is a case connected to a pipe which
is used to transfer a fluid. The housing 10 includes connec-
tions to connect the housing 10 to the pipe. The pipe is
connected to an inlet 11 through which the fluid flows into the
pump 1, and an outlet 12 through which the fluid is discharged
out of the pump 1. The housing 10 includes a stator 40
arranged opposite to a magnet 50, a rotor accommodating
portion 13 arranged to accommodate the rotor portion 20, and
the inlet 11 and the outlet 12, each of which is arranged to pass
through a portion of the rotor accommodating portion 13. The
rotor portion 20 is arranged inside the rotor accommodating
portion 13 of the housing 10. The rotor portion 20 is arranged
to surround an outer circumference of the shaft portion 30,
and includes the magnet 50. The stator 40 and the magnet 50
are arranged opposite to each other, and supply of electricity
to the stator 40 causes the rotor portion 20 to rotate. A material
of the housing 10 may be, for example, a metal, such as
stainless steel, or a resin, such as a liquid crystal polymer
(LCP).

[0030] The shaft portion 30 is arranged inside of the hous-
ing 10. The shaft portion 30 is arranged to pass through the
rotor accommodating portion 13. Preferably, both ends of the
shaft portion 30 are joined to the housing 10. Note that,
alternatively, only one end of the shaft portion 30 may be
joined to the housing 10. A material of the shaft portion 30 is,
for example, a metal, such as stainless steel. A surface of the
shaft portion 30 is subjected to aprocess such as, for example,
grinding to be reduced in the degree of surface roughness and
cylindricity.
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[0031] The stator 40 includes a stator core 41 and a plurality
of coils 42. The stator core 41 is defined by, for example,
laminated steel sheets. The stator core 41 is fixed to the
housing 10 through, for example, an adhesive. The stator core
41 includes a core back and a plurality of teeth arranged to
extend radially inward from the core back in a radial manner.
Each coil 42 is defined by a conducting wire wound around a
separate one of the teeth. The coils 42 are arranged at sub-
stantially regular intervals in a circumferential direction
around a rotation axis 2.

[0032] The inlet 11 is arranged to open into a space inside
the rotor accommodating portion 13. In addition, the outlet 12
is arranged to open into the space inside the rotor accommo-
dating portion 13. That is, the pump 1 includes an internal
channel leading from the inlet 11 to the outlet 12 through the
space inside the rotor accommodating portion 13.

[0033] The rotor portion 20 is arranged to have the shaft
portion 30 as a central axis thereof, is substantially cylindri-
cal, and is arranged to have the shaft portion 30 inserted
therethrough in an axial direction. Further, the rotor portion
20 is arranged inside the rotor accommodating portion 13.
That is, the rotor portion 20 is arranged to surround a shaft
outer circumferential surface 31 of the shaft portion 30 inside
the rotor accommodating portion 13. The magnet 50 is
arranged in the vicinity of a rotor outer circumferential sur-
face 21 of the rotor portion 20. The magnet 50 is arranged
radially opposite to the stator 40. That is, the shaft portion 30,
the magnet 50, and the stator 40 are arranged to radially
overlap with one another. A material of the rotor portion 20
may be, for example, a metal, such as stainless steel, or a
resin, such as an LCP.

[0034] The rotor portion 20 according to the present pre-
ferred embodiment is arranged to have the shaft portion 30 as
the central axis thereof, is substantially cylindrical, and is
arranged to have the shaft portion 30 inserted therethrough in
the axial direction. The rotor portion 20 includes the rotor
outer circumferential surface 21, a rotor inner circumferential
surface 22, a rotor upper surface 23, and a rotor lower surface
24. Each of the rotor outer circumferential surface 21 and the
rotor inner circumferential surface 22 is a cylindrical surface
having the rotation axis 2 as a central axis thereof and parallel
or substantially parallel to the central axis. Further, each of
the rotor upper surface 23 and the rotor lower surface is an
annular surface perpendicular or substantially perpendicular
to the shaft portion 30. The rotor outer circumferential surface
21 is arranged opposite to a housing inner circumferential
surface 131, which is an inside surface of the rotor accom-
modating portion 13, with a gap intervening therebetween.
The rotor inner circumferential surface 22 is arranged oppo-
site to the shaft outer circumferential surface 31 with a gap
intervening therebetween. Further, each of the rotor upper
surface 23 and the rotor lower surface 24 is arranged opposite
to aninner surface 132 of the rotor accommodating portion 13
with a gap intervening therebetween.

[0035] Each of the inlet 11 and the outlet 12 is arranged to
have an opening in the inner surface 132. Note that each of the
inlet 11 and the outlet 12 may alternatively be arranged to
have an opening at another position, and that one of the inlet
11 and the outlet 12 may alternatively be arranged to have an
opening in the housing inner circumferential surface 131.
[0036] A surface of at least one of the rotor portion 20, the
shaft portion 30, and the rotor accommodating portion 13
includes first dynamic pressure grooves 60 arranged to sup-
port rotation of the rotor portion 20. More specifically, at least
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one of the rotor inner circumferential surface 22 and the shaft
outer circumferential surface 31 includes radial dynamic
pressure grooves 61, which belong to the first dynamic pres-
sure grooves 60. In addition, at least one of the inner surface
of the rotor accommodating portion 13, the rotor upper sur-
face 23, and the rotor lower surface 24 includes thrust
dynamic pressure grooves, which belong to the first dynamic
pressure grooves 60. More specifically, at least one of the
rotor upper surface 23 and a portion of the inner surface 132
which is opposed to the rotor upper surface 23 with a gap
intervening therebetween includes upper thrust dynamic
pressure grooves 62, which belong to the first dynamic pres-
sure grooves 60. Further, at least one of the rotor lower surface
24 and a portion of the inner surface 132 which is opposed to
the rotor lower surface 24 with a gap intervening therebe-
tween includes lower thrust dynamic pressure grooves 63,
which belong to the first dynamic pressure grooves 60.
[0037] According to the present preferred embodiment, the
radial dynamic pressure grooves 61 are defined in the rotor
inner circumferential surface 22. Note that the radial dynamic
pressure grooves 61 may not necessarily be defined only in
the rotor inner circumferential surface 22, but may be defined
in both the rotor inner circumferential surface 22 and the shaft
outer circumferential surface 31.

[0038] According to the present preferred embodiment, the
rotor portion 20 includes both the upper thrust dynamic pres-
sure grooves 62 and the lower thrust dynamic pressure
grooves 63. Note that only either the upper thrust dynamic
pressure grooves or the lower thrust dynamic pressure
grooves 63 may be provided. Also note that the upper thrust
dynamic pressure grooves 62 may be defined in both the rotor
upper surface 23 and the portion of the inner surface 132
which is opposed to the rotor upper surface 23 with the gap
intervening therebetween. Also note that the lower thrust
dynamic pressure grooves 63 may be defined in both the rotor
lower surface 24 and the portion of the inner surface 132
which is opposed to the rotor lower surface 24 with the gap
intervening therebetween.

[0039] A surface of at least one of the rotor portion 20 and
the rotor accommodating portion 13 includes second
dynamic pressure grooves 70 arranged to transfer the fluid
from the inlet 11 to the outlet 12. More specifically, at least
one of the rotor outer circumferential surface 21 and the
housing inner circumferential surface 131 includes the sec-
ond dynamic pressure grooves 70. Note that the second
dynamic pressure grooves 70 may be defined in both the rotor
outer circumferential surface 21 and the housing inner cir-
cumferential surface 131.

[0040] The rotor portion 20 includes a through hole 80
arranged to pass therethrough in the axial direction. The
through hole 80 is arranged to have an opening in at least one
of the rotor upper surface 23 and the rotor lower surface 24.
According to the present preferred embodiment, the through
hole is arranged to have an opening in each of the rotor upper
surface 23 and the rotor lower surface 24. The through hole 80
is preferably arranged to be parallel to the central axis, i.e., the
rotation axis 2. Note that the through hole 80 may alterna-
tively be arranged to extend in a direction at an angle to the
central axis. More preferably, the through hole 80 is arranged
on aradially inner side, i.e., a side closer to the central axis, of
portions of the inlet 11 and the outlet 12 defined in the rotor
accommodating portion 13.

[0041] The fluid is arranged in a space including the inlet
11, the outlet 12, and the space inside the rotor accommodat-
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ing portion 13. Once electric drive currents are supplied to the
coils 42 of the stator 40, magnetic flux is generated around
each of the teeth of the stator core 41. Then, interaction
between the magnetic flux of the stator 40 and that of the
magnet 50 produces a circumferential torque, so that the rotor
portion 20 is caused to rotate about the central axis, i.e., the
rotation axis 2. The rotation of the rotor portion 20 causes
pumping action to be produced at the second dynamic pres-
sure grooves 70 to transfer the fluid from the inlet 11 to the
outlet 12. In addition, because the space inside the rotor
accommodating portion 13 is filled with the fluid, dynamic
pressures are generated by the first dynamic pressure grooves
60 between the rotor portion 20 and the shaft portion 30 and
between the rotor portion 20 and the rotor accommodating
portion 13. The rotation of the rotor portion 20 is supported by
these dynamic pressures. The rotor portion 20 is arranged to
rotate in a non-contact condition inside the rotor accommo-
dating portion 13 due to the dynamic pressures generated by
the first dynamic pressure grooves 60 and the second dynamic
pressure grooves 70. Thus, the rotor portion 20 rotates with-
out making contact with the shaft portion 30 or the housing
10, and wear of the rotor portion 20, the shaft portion 30, and
the housing 10 does not occur, which contributes to prolong-
ing a life of the pump 1. Moreover, the non-contact condition
of'the rotor portion 20 enables the fluid to be transferred while
preventing degradation or the like of the fluid from occurring.
Furthermore, the gap between the shaft outer circumferential
surface 31 and the rotor inner circumferential surface 22 is
arranged to have a width smaller than the width of the gap
between the housing inner circumferential surface 131 and
the rotor outer circumferential surface 21. The fact that the
width of the gap between the shaft outer circumferential
surface 31 and the rotor inner circumferential surface 22 is
smaller than the width of the gap between the housing inner
circumferential surface 131 and the rotor outer circumferen-
tial surface 21 contributes to reducing wobbling of the rotor
portion 20 and improving rotational accuracy of the rotor
portion 20. An improvement in the rotational accuracy of the
rotor portion 20 leads to reduced vibration of the pump 1 and
reduced variations in the amount of the fluid being trans-
ferred.

[0042] The through hole 80 is arranged to be in communi-
cation with both the inlet 11 and the outlet 12. This makes
pressures on the fluid on a side closer to the inlet 11 and on a
side closer to the outlet 12 substantially uniform. If an air
bubble is generated in the fluid, or if an air bubble enters the
fluid, the air bubble is discharged through the outlet 12. Thus,
any air bubble will be prevented from staying inside the pump
1

[0043] FIG. 2 is a vertical cross-sectional view of the rotor
portion 20. The rotor portion 20 is arranged to have the shaft
portion 30 as the central axis thereof, and is substantially
cylindrical. The rotor portion 20 includes the rotor outer
circumferential surface 21, the rotor inner circumferential
surface 22, the rotor upper surface 23, and the rotor lower
surface 24. Each of the rotor outer circumferential surface 21
and the rotor inner circumferential surface 22 is a cylindrical
surface having the rotation axis 2 as the central axis thereof
and parallel or substantially parallel to the central axis. Fur-
ther, each of the rotor upper surface 22 and the rotor lower
surface 24 is an annular surface perpendicular or substantially
perpendicular to the shaft portion 30.

[0044] The rotor inner circumferential surface 22 includes
the radial dynamic pressure grooves 61, which are the first
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dynamic pressure grooves 60. The radial dynamic pressure
grooves 61 according to the present preferred embodiment
are defined by arrays of a plurality of herringbone grooves
arranged in the circumferential direction. The rotor inner
circumferential surface 22 includes two dynamic pressure
groove arrays. The two dynamic pressure groove arrays are
arranged in parallel with each other and one above the other in
the axial direction. Each of the plurality of herringbone
grooves includes a bend portion 611. Each of the plurality of
herringbone grooves further includes an outside dynamic
pressure groove 612 and an inside dynamic pressure groove
613, each of which is arranged to extend from the bend
portion 611. The outside dynamic pressure groove 612 is a
dynamic pressure groove arranged to extend from the bend
portion 611 toward the rotor upper surface 23 or the rotor
lower surface 24. Meanwhile, the inside dynamic pressure
groove 613 is a dynamic pressure groove arranged to extend
from the bend portion 611 toward an axial middle of the rotor
portion 20. The plurality of herringbone grooves are arranged
in such a manner that once the rotor portion 20 starts rotating
about the central axis, i.e., the rotation axis 2, a portion of the
fluid is drawn to the bend portion 611 of each herringbone
groove. A dynamic pressure of the portion of the fluid which
has been drawn to the bend portion 611 contributes to reduc-
ing the wobbling of the rotor portion 20 and improving the
rotational accuracy of the rotor portion 20. An improvement
in the rotational accuracy of the rotor portion 20 leads to
reduced vibration of the pump 1 and reduced variations in the
amount of the fluid being transferred.

[0045] According to the present preferred embodiment, the
outside dynamic pressure groove 612 and the inside dynamic
pressure groove 613 are arranged to have the same length.
Note that one of the above two dynamic pressure grooves may
alternatively be arranged to be longer than the other dynamic
pressure groove. More preferably, the outside dynamic pres-
sure groove 612 is arranged to be longer than the inside
dynamic pressure groove 613. The greater length of the out-
side dynamic pressure groove 612 contributes to increasing
the dynamic pressures generated at the rotor inner circumfer-
ential surface 22, and to improving the rotational accuracy of
the rotor portion 20.

[0046] The rotor portion 20 includes the through hole 80
between the rotor outer circumferential surface 21 and the
rotor inner circumferential surface 22. The through hole 80 is
arranged to have an opening portion in each of the rotor upper
surface 23 and the rotor lower surface 24. According to the
present preferred embodiment, the through hole 80 is
arranged to be parallel or substantially parallel to the central
axis, i.e., the rotation axis 2. Note, however, that the through
hole 80 may not necessarily be parallel or substantially par-
allel to the central axis, but may alternatively be arranged to
extend in a direction at an angle to the central axis.

[0047] FIG. 3 is a top view of the rotor portion 20. FIG. 4 is
a bottom view of the rotor portion 20. In FIG. 3, the rotor
upper surface 23 includes an upper opening portion 81, which
is an opening of the through hole 80. In FIG. 4, the rotor lower
surface 24 includes a lower opening portion 82, which is an
opening of the through hole 80.

[0048] In FIG. 3, the rotor upper surface 23 includes the
upper thrust dynamic pressure grooves 62, which belong to
the first dynamic pressure grooves 60. The upper thrust
dynamic pressure grooves 62 are a plurality of spiral grooves
arranged in the circumferential direction. The plurality of
spiral grooves are defined in the rotor upper surface 23 in such
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a manner that once the rotor portion 20 starts rotating about
the central axis, i.e., the rotation axis 2, the fluid is drawn in a
direction away from the rotor outer circumferential surface 21
toward the rotor inner circumferential surface 22. A dynamic
pressure of a portion of the fluid which has been drawn toward
the rotor inner circumferential surface 22 contributes to
reducing the wobbling of the rotor portion 20 and improving
the rotational accuracy of the rotor portion 20. An improve-
ment in the rotational accuracy of the rotor portion 20 leads to
reduced vibration of the pump 1 and reduced variations in the
amount of the fluid being transferred.

[0049] In FIG. 4, the rotor lower surface 24 includes the
lower thrust dynamic pressure grooves 63, which belong to
the first dynamic pressure grooves 60. The lower thrust
dynamic pressure grooves 63 are defined by arrays of a plu-
rality of spiral grooves arranged in the circumferential direc-
tion, and include two dynamic pressure groove arrays. The
two dynamic pressure groove arrays are arranged in mutually
different orientations. One of the dynamic pressure groove
arrays is made up of inner grooves 631 which are arranged to
cause the fluid to be drawn in a direction away from the rotor
outer circumferential surface 21 toward the rotor inner cir-
cumferential surface 22 once the rotor portion 20 starts rotat-
ing about the central axis, i.e., the rotation axis 2. The other
dynamic pressure groove array is made up of outer grooves
632 which are arranged to send the fluid in a direction away
from the rotor inner circumferential surface 22 toward the
rotor outer circumferential surface 21 once the rotor portion
20 starts rotating about the central axis, i.e., the rotation axis
2. A dynamic pressure of a portion of the fluid which has been
drawn toward the rotor inner circumferential surface 22
because of each inner groove 631 contributes to reducing the
wobbling of the rotor portion 20 and improving the rotational
accuracy of the rotor portion 20. An improvement in the
rotational accuracy of the rotor portion 20 leads to reduced
vibration of the pump 1 and reduced variations in the amount
of the fluid being transferred. Meanwhile, a portion of the
fluid which has been sent by each outer groove 632 in the
direction away from the rotor inner circumferential surface 22
toward the rotor outer circumferential surface 21 is trans-
ferred to the rotor outer circumferential surface 21, increasing
transfer pressure of the pump 1.

[0050] According to the present preferred embodiment, the
lower opening portion 82 of the through hole 80 is arranged
between the inner grooves 631 and the outer grooves 632.
More preferably, a portion of the lower opening portion 82 is
arranged to overlap with at least one of the inner grooves 631.
The fluid is arranged in the through hole 80. That is, inside the
rotor accommodating portion 13, portions of the fluid
arranged at the radial dynamic pressure grooves 61, portions
of the fluid arranged at the upper thrust dynamic pressure
grooves 62, portions of the fluid arranged at the lower thrust
dynamic pressure grooves 63, and a portion of the fluid
arranged in the through hole 80 are continuous with one
another. Once the rotor portion 20 starts rotating about the
central axis, i.e., the rotation axis 2, the fluid is able to circu-
late through channels including the radial dynamic pressure
grooves 61, the upper thrust dynamic pressure grooves 62, the
lower thrust dynamic pressure grooves 63, and the through
hole 80 inside the rotor accommodating portion 13. Circula-
tion of the fluid through the channels contributes to reducing
the wobbling of the rotor portion 20 and improving the rota-
tional accuracy ofthe rotor portion 20. An improvement in the
rotational accuracy of the rotor portion 20 leads to reduced
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vibration of the pump 1 and reduced variations in the amount
of the fluid being transferred. Further, because the through
hole 80 is arranged on the radially inner side of the portions of
the inlet 11 and the outlet 12 defined in the rotor accommo-
dating portion 13 as described above, transfer of the fluid
from the inlet 11 to the outlet 12 is not hindered by the through
hole 80.

[0051] Note that the fluid may flow in either direction
through the through hole 80. That is, the fluid may flow either
from the upper opening portion 81 to the lower opening
portion or from the lower opening portion 82 to the upper
opening portion 81 through the through hole 80.

[0052] Further, according to the present preferred embodi-
ment, the through hole 80 is arranged to have a uniform
diameter from the upper opening portion 81 to the lower
opening portion 82. Note, however, that the through hole 80
may not necessarily be arranged to have a uniform diameter,
but may be arranged to have different diameters at the upper
opening portion 81 and the lower opening portion 82.
[0053] Referring to FIG. 1, according to the present pre-
ferred embodiment, the lower thrust dynamic pressure
grooves 63 include the two dynamic pressure groove arrays,
each of which is made up of dynamic pressure grooves
extending in a direction different from a direction in which
dynamic pressure grooves of the other dynamic pressure
groove array extend. That is, the lower thrust dynamic pres-
sure grooves 63 are arranged to include the dynamic pressure
groove arrays arranged in a manner as illustrated in FIG. 4.
Further, the upper thrust dynamic pressure grooves 62 are
arranged to include a single array of dynamic pressure
grooves extending in one direction. That is, the upper thrust
dynamic pressure grooves 62 are arranged to include the
single dynamic pressure groove array arranged in a manner as
illustrated in FIG. 3. Once the fluid is transferred from the
inlet 11 to the rotor lower surface 24, the fluid is divided by the
outer grooves 632 and the inner grooves 631 of the lower
thrust dynamic pressure grooves 63 into a portion which is
transferred toward the rotor outer circumferential surface 21
and a portion which is transferred toward the rotor inner
circumferential surface 22. The portion of the fluid which is
transferred toward the rotor outer circumferential surface 21
passes the second dynamic pressure grooves 70, and is dis-
charged through the outlet 12. Further, the portion of the fluid
which is transferred toward the rotor inner circumferential
surface 22 supports the rotation of the rotor portion 20
through the first dynamic pressure grooves 60.

[0054] Accordingly, the rotation of the rotor portion 20 is
supported by the single type of fluid transferred from the inlet
into the space inside the rotor accommodating portion 13,
while the rotor portion 20 is able to perform the transfer of the
fluid. In addition, the rotor portion 20 is capable of rotating
without making contact with the rotor accommodating por-
tion 13 or the shaft portion 30 because of the dynamic pres-
sures generated by the first dynamic pressure grooves 60. The
non-connect rotation of the rotor portion 20 contributes to
reducing, for example, damage to or degradation of the fluid.
Further, because wear of the rotor portion 20, the rotor
accommodating portion 13, and the shaft portion 30 due to a
contact of the rotor portion 20 with the rotor accommodating
portion 13 or the shaft portion 30 does not occur, generation
of dust can be reduced.

[0055] According to the present preferred embodiment, the
plurality of herringbone grooves and the plurality of spiral
grooves are arranged to have the same ratio of a groove width
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to a hill width. That is, the ratio of the groove width to the hill
width of each dynamic pressure groove array as measured in
the circumferential direction is 1 to 1. Note that this ratio of
the groove width to the hill width is not essential to the present
invention. For example, the hill width may be greater than the
groove width. Further, each of the plurality of herringbone
grooves may be arranged to have a smaller groove width at the
bend portion 611 than at an end portion of at least one of the
outside dynamic pressure groove 612 and the inside dynamic
pressure groove 613. Furthermore, each of the upper thrust
dynamic pressure grooves 62 and the lower thrust dynamic
pressure grooves 63 may be arranged to have a smaller groove
width on a side closer to the rotor inner circumferential sur-
face 22 than on a side closer to the rotor outer circumferential
surface 21. Different ratios of the groove width to the hill
width may be combined appropriately. An appropriate com-
bination of different ratios of the groove width to the hill
width contributes to improving the rotational accuracy of the
rotor portion 20. An improvement in the rotational accuracy
of'the rotor portion 20 leads to reduced vibration of the pump
1 and reduced variations in the amount of the fluid being
transferred.

[0056] In addition, according to the present preferred
embodiment, each of the plurality of herringbone grooves and
the plurality of spiral grooves is arranged to have a uniform
groove depth. That is, each dynamic pressure groove is
arranged to have a uniform groove depth from one end to an
opposite end thereof. Note, however, that each dynamic pres-
sure groove may not necessarily be arranged to have a uni-
form groove depth from one end to the opposite end thereof.
For example, each dynamic pressure groove may be arranged
to vary in groove depth. For example, each of the plurality of
herringbone grooves may be arranged to have a smaller
groove depth at the bend portion 611 than at the end portion of
at least one of the outside dynamic pressure groove 612 and
the inside dynamic pressure groove 613. Further, each of the
upper thrust dynamic pressure grooves 62 and the lower
thrust dynamic pressure grooves 63 may be arranged to have
a smaller groove depth on the side closer to the rotor inner
circumferential surface 22 than on the side closer to the rotor
outer circumferential surface 21. Different groove depths
may be combined appropriately. An appropriate combination
of different groove depths contributes to improving the rota-
tional accuracy ofthe rotor portion 20. An improvement in the
rotational accuracy of the rotor portion 20 leads to reduced
vibration of the pump 1 and reduced variations in the amount
of the fluid being transferred.

[0057] FIG. 5 shows a vertical cross-sectional view of the
rotor accommodating portion 13 of the housing 10. Accord-
ing to the present preferred embodiment, the second dynamic
pressure grooves 70 are defined in the housing inner circum-
ferential surface 131 at an inside of the rotor accommodating
portion 13. The second dynamic pressure grooves 70 are a
plurality of spiral grooves. The second dynamic pressure
grooves 70 are arranged in such an orientation that once the
rotor portion 20 starts rotating about the central axis, i.e., the
rotation axis 2, the fluid is transferred from the inlet 11 to the
outlet 12. Each second dynamic pressure groove 70 is
arranged to extend in a direction at an angle to the central axis.
More preferably, each second dynamic pressure groove 70 is
arranged to have an axial dimension greater than an axial
dimension of the rotor portion 20. Arranging each second
dynamic pressure groove 70 to have an axial dimension
greater than the axial dimension of the rotor portion 20 leads
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to an increase in an area over which a pumping force acts to
transfer the fluid, resulting in increased transfer pressure.

[0058] FIGS. 6 and 7 each is a vertical cross-sectional view
of a modification of the housing 10 in which the second
dynamic pressure grooves 70 have been modified. Referring
to FIGS. 6 and 7, second dynamic pressure grooves 70A of a
housing 10 A according to a modification of the first preferred
embodiment are a plurality of herringbone grooves arranged
in the circumferential direction in a housing inner circumfer-
ential surface 131A, and second dynamic pressure grooves
70B of a housing 10B according to a modification of the first
preferred embodiment are a plurality of herringbone grooves
arranged in the circumferential direction in a housing inner
circumferential surface 131B.

[0059] Referring to FIG. 6, the second dynamic pressure
grooves 70A are a plurality of herringbone grooves each of
which includes a bend portion 611A and portions extending
in different directions from the bend portion 611A. More
preferably, a portion of each second dynamic pressure groove
70A which extends from the bend portion 611A toward an
inlet 11A is arranged to be longer than a portion of the second
dynamic pressure groove 70A which extends from the bend
portion 611A toward an outlet 12A. A great length of the
portion of the second dynamic pressure groove 70A which
extends from the bend portion 611A toward the inlet 11A
enables a fluid to be transferred from the inlet 11A to the
outlet 12A once a rotor portion starts rotating about a central
axis, i.e., a rotation axis 2A. In addition, a dynamic pressure
of a portion of the fluid which has been drawn to the bend
portion 611A contributes to reducing wobbling of the rotor
portion and improving rotational accuracy of the rotor por-
tion. An improvement in the rotational accuracy of the rotor
portion leads to reduced vibration of a pump and reduced
variations in the amount of the fluid being transferred.

[0060] Referring to FIG. 7, the second dynamic pressure
grooves 70B are a plurality of herringbone grooves each of
which includes a bend portion 611B and portions extending in
different directions from the bend portion 611B. The portions
of'each second dynamic pressure groove 70B which extend in
different directions from the bend portion 611B are not joined
to each other at the bend portion 611B. That is, a hill portion
is defined at the bend portion 611B. A gap between the bend
portion 611B and a rotor outer circumferential surface is
smaller than a gap which would be defined between the rotor
outer circumferential surface and the bend portion 611B if the
bend portion 611B were defined by a groove portion as the
bend portion 611A illustrated in FIG. 6, and this contributes
to increasing a dynamic pressure generated thereat. There-
fore, once a rotor portion starts rotating about a central axis,
i.e., a rotation axis 2B, a dynamic pressure of a portion of a
fluid which is drawn to the bend portion 611B more effec-
tively contributes to reducing wobbling of the rotor portion
and improving rotational accuracy of the rotor portion. An
improvement in the rotational accuracy of the rotor portion
leads to reduced vibration of a pump and reduced variations in
the amount of the fluid being transferred.

[0061] Referring to FIG. 1, the magnet 50 is arranged radi-
ally opposite to the second dynamic pressure grooves 70. In
addition, the stator 40 is arranged radially opposite to the
magnet 50. A reduction in an axial dimension of the pump 1
can be achieved by arranging the magnet 50, the stator 40, and
the second dynamic pressure grooves 70 radially opposite to
one another.
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[0062] FIG. 8 is a vertical cross-sectional view of a pump
1C according to a modification of the first preferred embodi-
ment. A rotor portion 20C includes a magnet 50C, first
dynamic pressure grooves 60C, and second dynamic pressure
grooves 70C. Only differences from the first preferred
embodiment illustrated in FIG. 1 will be described below.
[0063] The magnet50C is arranged in the vicinity of a rotor
outer circumferential surface 21C. In addition, the magnet
50C and the second dynamic pressure grooves 70C are
arranged one above the other in the axial direction. In the
present modification of the first preferred embodiment, the
magnet 50C is arranged on a side of the second dynamic
pressure grooves 70C closer to an outlet 12C. Note that the
magnet 50C may alternatively be arranged on a side of the
second dynamic pressure grooves 70C closer to an inlet 11C.
Also note that a portion of the magnet 50C may be arranged
to radially overlap with the second dynamic pressure grooves
70C. A reduction in a radial dimension of the pump 1C can be
achieved by arranging the magnet 50C and the second
dynamic pressure grooves 70C one above the other in the
axial direction.

[0064] Referring to FIGS. 1 and 8, the axial and radial
dimensions of the pump can be changed by changing posi-
tions of the magnet and the second dynamic pressure grooves
in the rotor portion. Thus, it is possible to provide pumps with
a reduced thickness and having various measurements in
accordance with the shape of electronic devices or the like.
[0065] FIG. 9 is a vertical cross-sectional view of a pump
1D according to a modification of the first preferred embodi-
ment. A rotor portion 20D includes a rotor cylindrical portion
25D and a rotor inclined portion 26D. In addition, a rotor
accommodating portion 13D includes an inclined surface and
a cylindrical surface arranged opposite to an outer circumfer-
ential surface of the rotor portion 20D with a gap intervening
therebetween in accordance with the shape of the rotor por-
tion 20D. A magnet 50D is arranged in the vicinity of an outer
circumferential surface of the rotor cylindrical portion 25D,
and is arranged radially opposite to a stator 40D. Second
dynamic pressure grooves 70D are defined in a housing inner
circumferential surface 131D of the rotor accommodating
portion 13D. In the present modification of the first preferred
embodiment, the second dynamic pressure grooves 70D are
defined in an inclined surface of the housing inner circumfer-
ential surface 131D. Note that the second dynamic pressure
grooves 70D may alternatively be defined in a cylindrical
surface of the housing inner circumferential surface 131D.
Also note that the second dynamic pressure grooves 70D may
alternatively be defined in a portion of a rotor outer circum-
ferential surface 21D which defines an outer circumferential
surface of the rotor inclined portion 26D.

[0066] An inlet 11D is arranged to have an opening at a
portion of the rotor accommodating portion 13D which is
opposed to a portion of the rotor inclined portion 26D which
has a small radial dimension. Once the rotor portion 20D
starts rotating about a central axis, i.e., a rotation axis 2D, the
second dynamic pressure grooves 70D cause a fluid to be
transferred from a side where the rotor inclined portion 26D
has a smaller radial dimension to a side where the rotor
inclined portion 26D has a greater radial dimension. In addi-
tion, a centrifugal force causes the fluid to be transferred from
the side where the rotor inclined portion 26D has a smaller
radial dimension to the side where the rotor inclined portion
26D has a greater radial dimension, in accordance with the
shape of the rotor inclined portion 26D. That is, combined
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action of a transferring force produced by the second dynamic
pressure grooves 70D and the centrifugal force due to the
rotor inclined portion 26D increases a transfer pressure on the
fluid.

[0067] In the present modification of the first preferred
embodiment, the magnet 50D and the second dynamic pres-
sure grooves 70D are arranged one above the other in the axial
direction. Note, however, that this is not essential to the
present invention, and that a portion of the magnet 50D may
be arranged to radially overlap with the second dynamic
pressure grooves 70D. Also note that the magnet 50D may be
arranged radially opposite to the second dynamic pressure
grooves 70D. A reduction in an axial dimension of the pump
1D can be achieved by arranging the magnet 50D and the
second dynamic pressure grooves 70D to radially overlap
with each other. Also note that, in the case where the magnet
50D is arranged radially opposite to the second dynamic
pressure grooves 70D, the rotor portion 20D may be arranged
to include no rotor cylindrical portion 25D. This leads to a
further reduction in the axial dimension of the pump 1D.
[0068] FIG. 10 is a vertical cross-sectional view of a pump
10E according to a modification of the first preferred embodi-
ment. Only differences from the first preferred embodiment
illustrated in FIG. 1 will be described below.

[0069] A shaft portion 30E includes two shaft outer circum-
ferential surfaces 31E each of which is inclined to decrease an
outside diameter of the shaft portion 30E from an end portion
toward a middle portion of the shaft portion 30E. In addition,
a rotor portion 20E includes two rotor inner circumferential
surfaces 22F each of which is arranged opposite to a separate
one of the shaft outer circumferential surfaces 31E with a gap
intervening therebetween. Each of the rotor inner circumfer-
ential surfaces 22F is a surface which is inclined to decrease
an inside diameter of the rotor portion 20E from a rotor upper
surface 23E or a rotor lower surface 24E toward a middle
portion of the rotor portion 20E. A cylindrical or substantially
cylindrical surface is arranged between the two shaft outer
circumferential surfaces 31E and between the two rotor inner
circumferential surfaces 22E. Note that the cylindrical or
substantially cylindrical surface may not be provided, with
the two shaft outer circumferential surfaces 31E being con-
tinuous with each other and the two rotor inner circumferen-
tial surfaces 22E being continuous with each other.

[0070] First dynamic pressure grooves 60F are defined in at
least one of the shaft outer circumferential surfaces 31E and
the rotor inner circumferential surfaces 22E. In the present
modification of the first preferred embodiment, the first
dynamic pressure grooves 60E are a plurality of herringbone
grooves. The plurality of herringbone grooves are arranged in
such a manner that once the rotor portion 20E starts rotating
about a central axis, i.e., a rotation axis 2E, a portion of a fluid
is drawn to a bend portion 611F of each herringbone groove.
Each first dynamic pressure groove 60E generates a radial
dynamic pressure and a thrust dynamic pressure at the same
time through the portion of the fluid which has been drawn to
the bend portion 611E. Accordingly, the rotor portion 20E
does not need to include both radial dynamic pressure
grooves and thrust dynamic pressure grooves. One herring-
bone groove array is able to produce dynamic pressure action
of'the radial dynamic pressure grooves and dynamic pressure
action of the thrust dynamic pressure grooves at the same
time. Two dynamic pressure groove arrays each of which is
made up of a plurality of herringbone grooves are arranged
one above the other in the axial direction, and this contributes
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to reducing wobbling of the rotor portion 20E and improving
rotational accuracy of the rotor portion 20E. An improvement
in the rotational accuracy of the rotor portion 20E leads to
reduced vibration of the pump 1E and reduced variations in
the amount of the fluid being transferred.

[0071] In the present modification of the first preferred
embodiment, the plurality ofherringbone grooves are defined
in each of the two inclined surfaces arranged one above the
other in the axial direction. Note, however, that this is not
essential to the present invention. For example, one of the two
dynamic pressure groove arrays may be arranged in one of the
inclined surfaces as illustrated in FIG. 10, and the other
dynamic pressure groove array may include separate
dynamic pressure groove arrays which are made up of the
radial dynamic pressure grooves and the thrust dynamic pres-
sure grooves, respectively, as illustrated in FIG. 1.

[0072] FIG. 11 is a vertical cross-sectional view of a pump
1F according to a second preferred embodiment of the present
invention. Referring to FIG. 11, the pump 1F according to the
present preferred embodiment includes a housing 10F, a rotor
portion 20F, and a shaft portion 30F. Only differences from
the first preferred embodiment illustrated in FIG. 1 will be
described below.

[0073] Thehousing 10F is a case connected to a pipe which
is used to transfer a fluid. The housing 10F includes connec-
tions to connect the housing 10F to the pipe. The pipe is
connected to an inlet 11F through which the fluid flows into
the pump 1F, and an outlet 12F through which the fluid is
discharged out of the pump 1F. Each of the inlet 11F and the
outlet 12F is arranged to pass through a portion of the housing
10F to have an opening in a housing inner circumferential
surface 131F. Note that each of the inlet 11F and the outlet
12F may alternatively be arranged to have an opening at
another position, and that one of the inlet 11F and the outlet
12F may alternatively be arranged to have an opening in an
inner surface 132F.

[0074] The inlet 11F is arranged to open into a space inside
a rotor accommodating portion 13F. In addition, the outlet
12F is arranged to open into the space inside the rotor accom-
modating portion 13F. That is, the inlet 11F is arranged to be
in communication with the outlet 12F through the space
inside the rotor accommodating portion 13F.

[0075] The rotor portion 20F is arranged to have the shaft
portion 30F as a central axis thereof, is substantially cylindri-
cal, and is arranged to have the shaft portion 30F inserted
therethrough in an axial direction. Further, the rotor portion
20F is arranged inside the rotor accommodating portion 13F.
A magnet 50F is arranged in the vicinity of a rotor outer
circumferential surface 21F of the rotor portion 20F. The
magnet S0F is arranged radially opposite to a stator 40F. That
is, the shaft portion 30F, the magnet 50F, and the stator 40F
are arranged to radially overlap with one another.

[0076] At least one of the rotor outer circumferential sur-
face 21F and the housing inner circumferential surface 131F
includes second dynamic pressure grooves 70F. Note that the
second dynamic pressure grooves 70F may be defined in both
the rotor outer circumferential surface 21F and the housing
inner circumferential surface 131F.

[0077] The fluid is arranged in a space including the inlet
11F, the outlet 12F, and the space inside the rotor accommo-
dating portion 13F. Rotation of the rotor portion 20F causes
pumping action to be produced at the second dynamic pres-
sure grooves 70F to transfer the fluid from the inlet 11F to the
outlet 12F. In addition, because the space inside the rotor
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accommodating portion 13F is filled with the fluid, dynamic
pressures are generated by first dynamic pressure grooves
60F between the rotor portion 20F and the shaft portion 30F
and between the rotor portion 20F and the rotor accommo-
dating portion 13F. The rotation of the rotor portion 20F is
supported by these dynamic pressures. The rotor portion 20F
is arranged to rotate in a non-contact condition inside the rotor
accommodating portion 13F due to the dynamic pressures
generated by the first dynamic pressure grooves 60F and the
second dynamic pressure grooves 70F. Thus, the rotor portion
20F rotates without making contact with the shaft portion 30F
or the housing 10F. Wear of the rotor portion 20F, the shaft
portion 30F, and the housing 10F does not occur, which
contributes to prolonging a life of the pump 1F. Moreover, the
non-contact condition of the rotor portion 20F enables the
fluid to be transferred while preventing, for example, damage
to or degradation of the fluid from occurring. Furthermore, a
gap between a shaft outer circumferential surface 31F and a
rotor inner circumferential surface 22F is arranged to have a
width smaller than the width of a gap between the housing
inner circumferential surface 131F and the rotor outer cir-
cumferential surface 21F. The fact that the width of the gap
between the shaft outer circumferential surface 31F and the
rotor inner circumferential surface 22F is smaller than the
width of the gap between the housing inner circumferential
surface 131F and the rotor outer circumferential surface 21F
contributes to reducing wobbling of the rotor portion 20F and
improving rotational accuracy of the rotor portion 20F. An
improvement in the rotational accuracy of the rotor portion
20F leads to reduced vibration of the pump 1F and reduced
variations in the amount of the fluid being transferred.

[0078] FIG. 12 shows a cross-sectional view of the rotor
accommodating portion 13F of the housing 10F. According to
the present preferred embodiment, the second dynamic pres-
sure grooves 70F are defined in the housing inner circumfer-
ential surface 131F at an inside of the rotor accommodating
portion 13F. The second dynamic pressure grooves 70F are a
plurality of herringbone grooves, and include two dynamic
pressure groove arrays arranged one above the other in the
axial direction. The two dynamic pressure groove arrays are
arranged in different orientations along a circumferential
direction. Each of the plurality of herringbone grooves
includes a bend portion 611F. Preferably, axial positions of
the bend portions 611F of the second dynamic pressure
grooves 70F of the respective dynamic pressure groove arrays
are arranged to overlap with axial positions of the inlet 11F
and the outlet 12F, respectively.

[0079] More specifically, the axial positions of the bend
portions 611F of the second dynamic pressure grooves 70F of
one of the dynamic pressure groove arrays are arranged to
overlap with the axial position of the inlet 11F. Moreover, the
plurality of herringbone grooves are arranged in such a man-
ner that once the rotor portion 20F starts rotating about the
central axis, i.e., a rotation axis 2F, the one of the dynamic
pressure groove arrays acts to draw in the fluid through the
inlet 11F.

[0080] The axial positions of the bend portions 611F of the
second dynamic pressure grooves 70F of the other one of the
dynamic pressure groove arrays are arranged to overlap with
the axial position of the outlet 12F. Moreover, the plurality of
herringbone grooves are arranged in such a manner that once
the rotor portion 20F starts rotating about the central axis, i.e.,
the rotation axis 2F, the other dynamic pressure groove array
acts to discharge the fluid through the outlet 12F. That is, one
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of'the two dynamic pressure groove arrays is arranged to act
to draw in the fluid through the inlet 11F, while the other one
of'the two dynamic pressure groove arrays is arranged to act
to discharge the fluid through the outlet 12F. More specifi-
cally, the rotation of the rotor portion 20F causes the dynamic
pressure groove array arranged near the inlet 11F to draw the
fluid into the space inside the rotor accommodating portion
13F, with the fluid flowing along portions of each dynamic
pressure groove of the dynamic pressure groove array which
extend upward and downward from the bend portion 611F.
On the other hand, the rotation of the rotor portion 20F causes
the fluid to be drawn to the bend portion 611F of each
dynamic pressure groove of the dynamic pressure groove
array arranged near the outlet 12F, with the fluid flowing
along portions of each dynamic pressure groove of the
dynamic pressure groove array which extend upward and
downward from the bend portion 611F. The fluid is dis-
charged through the outlet 12F as the axial position of the
bend portion 611F of each dynamic pressure groove of the
dynamic pressure groove array is arranged to overlap with the
axial position of the outlet 12F.

[0081] In FIG. 12, two sets of a plurality of herringbone
grooves are arranged one above the other in the axial direc-
tion. Note that, as illustrated in FIG. 13, a plurality of her-
ringbone grooves may be arranged only on a side near an
outlet 12G. Also note that, as illustrated in F1G. 14, a plurality
of herringbone grooves may be arranged only on a side near
an inlet 11H.

[0082] Referring to FIG. 15, second dynamic pressure
grooves 70J are a plurality of herringbone grooves each of
which includes a bend portion 611J and portions extending in
different directions from the bend portion 611J. The portions
of'each second dynamic pressure groove 70J which extend in
different directions from the bend portion 6117J are not joined
to each other at the bend portion 611J. That is, a hill portion is
defined at the bend portion 611J. A gap between the bend
portion 611J and a rotor outer circumferential surface is
smaller than a gap which would be defined between the rotor
outer circumferential surface and the bend portion 611J if the
bend portion 611J were defined by a groove portion as the
bend portion 611F illustrated in FIG. 12, and this contributes
to increasing a dynamic pressure generated thereat. Accord-
ingly, once a rotor portion starts rotating about a central axis,
i.e., arotation axis, a dynamic pressure generated at each bend
portion 6117 increases a transfer pressure on a fluid.

[0083] According to the present preferred embodiment, an
in-pipe pressure on the fluid flowing in the outlet is smaller
than a maximum transfer pressure on the fluid generated by
the second dynamic pressure grooves. More preferably, an
in-pipe pressure in the inlet is equal to the in-pipe pressure in
the outlet, and is smaller than the maximum transfer pressure
generated by the second dynamic pressure grooves. Stable
transfer of the fluid can be achieved by arranging the in-pipe
pressures in the inlet and the outlet to be smaller than the
transfer pressure generated by the second dynamic pressure
grooves.

[0084] The amount of the fluid being transferred can be
controlled by changing a rotation rate of the rotor portion. For
example, increasing the rotation rate of the rotor portion
increases a pumping force generated by the second dynamic
pressure grooves. An increase in the pumping force results in
an increase in the transfer pressure, increasing the amount of
the fluid being transferred. In addition, the amount of the fluid
being transferred can also be controlled by changing the
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number of second dynamic pressure grooves. For example,
increasing the number of second dynamic pressure grooves
increases the pumping force generated by the second
dynamic pressure grooves. An increase in the pumping force
results in an increase in the transfer pressure, increasing the
amount of the fluid being transferred. The above techniques
may be combined appropriately.

[0085] According to the present preferred embodiment,
each first dynamic pressure groove is arranged to have a
groove depth equivalent to or smaller than a groove depth of
each second dynamic pressure groove. In addition, the first
dynamic pressure grooves are arranged to have a hill width
equivalent to or smaller than a hill width of the second
dynamic pressure grooves. The amount of a portion of the
fluid which flows into each first dynamic pressure groove can
be reduced, and more of the fluid can be transferred to each
second dynamic pressure groove, by arranging the groove
depth of each first dynamic pressure groove to be smaller than
the groove depth of each second dynamic pressure groove. In
addition, the amount of the portion of the fluid which flows
into each first dynamic pressure groove can be reduced, and
more of the fluid can be transferred to each second dynamic
pressure groove, by arranging the hill width of the first
dynamic pressure grooves to be smaller than the hill width of
the second dynamic pressure grooves.

[0086] According to the present preferred embodiment, the
first dynamic pressure grooves and the second dynamic pres-
sure grooves are defined by electrochemical machining using
electrodes having the shape of grooves. By the electrochemi-
cal machining, each of the dynamic pressure grooves is
defined to have highly accurate depth and width. Note that
each of the dynamic pressure grooves may alternatively be
defined by a cutting process. Also note that each of the
dynamic pressure grooves may alternatively be defined by
plastic deformation, for example, by press working. Also note
that, in the case where the housing or the rotor portion is made
of'aresin material, each of the dynamic pressure grooves may
be defined in an injection molding process using a mold for
resin molding in which the shape of the dynamic pressure
groove is previously defined. The above techniques may be
combined appropriately.

[0087] Also note that pumps according to preferred
embodiments of the present invention may be used for
devices other than electronic devices. For example, a pre-
ferred embodiment of the present invention may be applied to
transfer of a medicine in a medical appliance.

[0088] Also note that the detailed shape of each of the
housing and the pump may be different from the shape thereof
as illustrated in the accompanying drawings of the present
application.

[0089] Also note that features of the above-described pre-
ferred embodiments and the modifications thereof may be
combined appropriately as long as no conflict arises.

[0090] Preferred embodiments of the present invention are
applicable to transfer of a refrigerant liquid to cool an elec-
tronic device.

[0091] Features of the above-described preferred embodi-
ments and the modifications thereof may be combined appro-
priately as long as no conflict arises.

[0092] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the

Feb. 25,2016

present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:

1. A dynamic pressure bearing pump comprising:

a shaft portion arranged to extend in a vertical direction;

a rotor portion arranged to surround an outer circumfer-
ence of the shaft portion, and including a magnet; and

a housing joined to the shaft portion, and arranged to con-
tain the rotor portion; wherein

the housing includes:

a stator arranged opposite to the magnet;

a rotor accommodating portion arranged to accommo-
date the rotor portion; and

an inlet and an outlet each of which is arranged to pass
through a portion of the rotor accommodating por-
tion;

a surface of at least one of the rotor portion, the shaft
portion, and the rotor accommodating portion includes
at least one first dynamic pressure groove arranged to
support rotation of the rotor portion;

a surface of at least one of the rotor portion and the rotor
accommodating portion includes at least one second
dynamic pressure groove arranged to transfer a fluid
from the inlet to the outlet; and

the rotor portion includes a through hole arranged to pass
therethrough in an axial direction.

2. The dynamic pressure bearing pump according to claim

1, wherein

the rotor portion is arranged to have the shaft portion as a
central axis thereof, is substantially cylindrical, and is
arranged to have the shaft portion inserted therethrough
in the axial direction; and

at least one of a shaft outer circumferential surface of the
shaft portion and a rotor inner circumferential surface of
the rotor portion includes a radial dynamic pressure
groove being one of the at least one first dynamic pres-
sure groove.

3. The dynamic pressure bearing pump according to claim

1, wherein

the rotor portion is arranged to have the shaft portion as a
central axis thereof, and includes a rotor upper surface
and a rotor lower surface each of which is perpendicular
or substantially perpendicular to the shaft portion;

at least one of the rotor upper surface, the rotor lower
surface, and an inner surface of the rotor accommodat-
ing portion includes a thrust dynamic pressure groove
being one of the at least one first dynamic pressure
groove; and

the through hole is arranged to have an opening in at least
one of the rotor upper surface and the rotor lower sur-
face.

4. The dynamic pressure bearing pump according to claim

1, wherein the at least one second dynamic pressure groove
includes a plurality of spiral grooves or a plurality of herring-
bone grooves.

5. The dynamic pressure bearing pump according to claim

1, wherein

the rotor portion is arranged to have the shaft portion as a
central axis thereof, is substantially cylindrical, and is
arranged to have the shaft portion inserted therethrough
in the axial direction;
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the rotor portion includes:

a rotor inner circumferential surface arranged opposite
to a shaft outer circumferential surface of the shaft
portion;

a rotor outer circumferential surface arranged opposite
to a housing inner circumferential surface of the rotor
accommodating portion; and

a rotor upper surface and a rotor lower surface each of
which is perpendicular or substantially perpendicular
to the shaft portion;

the through hole is arranged to have an opening in at least
one of the rotor upper surface and the rotor lower sur-
face;
at least one of the shaft outer circumferential surface and
the rotor inner circumferential surface includes at least
one radial dynamic pressure groove defined therein;
at least one of an inner surface of the rotor accommodating
portion, the rotor upper surface, and the rotor lower
surface includes at least one thrust dynamic pressure
groove defined therein; and
the at least one second dynamic pressure groove is defined
in at least one of the housing inner circumferential sur-
face and the rotor outer circumferential surface.
6. The dynamic pressure bearing pump according to claim
5, wherein the at least one thrust dynamic pressure groove is
a plurality of spiral grooves arranged to transfer the fluid in a
direction of the rotor inner circumferential surface.
7. The dynamic pressure bearing pump according to claim
5, wherein
the at least one radial dynamic pressure groove is a plural-
ity of herringbone grooves; and
a gap between the shaft outer circumferential surface and
the rotor inner circumferential surface is arranged to
have a width smaller than a width of a gap between the
housing inner circumferential surface and the rotor outer
circumferential surface.
8. The dynamic pressure bearing pump according to claim
5, wherein the magnet and the at least one second dynamic
pressure groove are arranged radially opposite to each other
with respect to the central axis.
9. The dynamic pressure bearing pump according to claim
5, wherein the magnet and the at least one second dynamic
pressure groove are arranged one above the other in the axial
direction.
10. The dynamic pressure bearing pump according to claim
5, wherein
the at least one second dynamic pressure groove is a plu-
rality of spiral grooves; and
the plurality of spiral grooves are arranged in such an
orientation that rotation of the rotor portion transfers the
fluid from the inlet to the outlet.
11. The dynamic pressure bearing pump according to claim
10, wherein
the outlet and the inlet are arranged to open toward the rotor
upper surface and the rotor lower surface, respectively;
and
the through hole is arranged to have openings on a side of
openings of the outlet and the inlet, respectively, closer
to the central axis.
12. The dynamic pressure bearing pump according to claim
5, wherein
the at least one second dynamic pressure groove is a plu-
rality of herringbone grooves arranged in a circumfer-
ential direction; and
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each herringbone groove includes two spiral grooves
arranged to obliquely extend in different directions, and
abend portion arranged between the two spiral grooves.
13. The dynamic pressure bearing pump according to claim
12, wherein each of the outlet and the inlet is arranged to open
toward the rotor outer circumferential surface.
14. The dynamic pressure bearing pump according to claim
13, wherein
the at least one second dynamic pressure groove includes
only one array of herringbone grooves arranged in the
circumferential direction; and
an axial position of the bend portion of each herringbone
groove is arranged to overlap with an axial position of an
opening of one of the outlet and the inlet.
15. The dynamic pressure bearing pump according to claim
13, wherein
the at least one second dynamic pressure groove includes
two arrays of herringbone grooves arranged in the cir-
cumferential direction;
an axial position of the bend portion of each herringbone
groove of one of the arrays is arranged to overlap with an
axial position of an opening of the outlet;
an axial position of the bend portion of each herringbone
groove of another one of the arrays is arranged to overlap
with an axial position of an opening of the inlet; and
the bend portion of each herringbone groove of the one
array and the bend portion of each herringbone groove of
the other array are oriented in opposite directions along
a rotation direction of the rotor portion.
16. The dynamic pressure bearing pump according to claim
1, wherein
the rotor portion is arranged to have the shaft portion as a
central axis thereof, is substantially cylindrical, and is
arranged to have the shaft portion inserted therethrough
in the axial direction;
the rotor portion includes:

a rotor inner circumferential surface arranged opposite
to a shaft outer circumferential surface of the shaft
portion;

a rotor outer circumferential surface arranged opposite
to a housing inner circumferential surface of the rotor
accommodating portion; and

a rotor upper surface and a rotor lower surface each of
which is perpendicular or substantially perpendicular
to the shaft portion;

each of the shaft outer circumferential surface and the rotor
inner circumferential surface includes an inclined sur-
face arranged to increase in diameter with decreasing
distance from the rotor upper surface or the rotor lower
surface;

the at least one first dynamic pressure groove is defined in
at least one of the inclined surface of the shaft outer
circumferential surface and the inclined surface of the
rotor inner circumferential surface;

the at least one second dynamic pressure groove is defined
in at least one of the housing inner circumferential sur-
face and the rotor outer circumferential surface; and

the through hole is arranged to have an opening in at least
one of the rotor upper surface and the rotor lower sur-
face.

17. The dynamic pressure bearing pump according to claim

16, wherein

the at least one second dynamic pressure groove is a plu-

rality of spiral grooves; and
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the plurality of spiral grooves are arranged in such an
orientation that rotation of the rotor portion transfers the
fluid from the inlet to the outlet.
18. The dynamic pressure bearing pump according to claim
17, wherein
the outlet and the inlet are arranged to open toward the rotor
upper surface and the rotor lower surface, respectively;
and
the through hole is arranged to have openings on a side of
openings of the outlet and the inlet, respectively, closer
to the central axis.
19. The dynamic pressure bearing pump according to claim
16, wherein
the at least one second dynamic pressure groove is a plu-
rality of herringbone grooves arranged in a circumfer-
ential direction; and
each herringbone groove includes two spiral grooves
arranged to obliquely extend in different directions, and
abend portion arranged between the two spiral grooves.
20. The dynamic pressure bearing pump according to claim
19, wherein each of the outlet and the inlet is arranged to open
toward the rotor outer circumferential surface.
21. The dynamic pressure bearing pump according to claim
20, wherein
the at least one second dynamic pressure groove includes
only one array of herringbone grooves arranged in the
circumferential direction; and
an axial position of the bend portion of each herringbone
groove is arranged to overlap with an axial position of an
opening of one of the outlet and the inlet.
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22. The dynamic pressure bearing pump according to claim
20, wherein
the at least one second dynamic pressure groove includes
two arrays of herringbone grooves arranged in the cir-
cumferential direction;
an axial position of the bend portion of each herringbone
groove of one of the arrays is arranged to overlap with an
axial position of an opening of the outlet;
an axial position of the bend portion of each herringbone
groove of another one of the arrays is arranged to overlap
with an axial position of an opening of the inlet; and
the bend portion of each herringbone groove of the one
array and the bend portion of each herringbone groove of
the other array are oriented in opposite directions along
a rotation direction of the rotor portion.
23. The dynamic pressure bearing pump according to claim
1, wherein an in-pipe pressure on the fluid flowing in the
outlet is smaller than a maximum transfer pressure on the
fluid generated by the at least one second dynamic pressure
groove.
24. The dynamic pressure bearing pump according to claim
23, wherein
each of the at least one first dynamic pressure groove is
arranged to have a groove depth equivalent to or smaller
than a groove depth of each of the at least one second
dynamic pressure groove; and
the at least one first dynamic pressure groove is arranged to
have a hill width equivalent to or smaller than a hill
width of the at least one second dynamic pressure
groove.



