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ELECTROCHEMICAL MACHINING TOOL AND

METHOD FOR MACHINING A PRODUCT USING THE SAME

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based on and incorporates by
reference Japanese Patent Application No. 2004-272505, which was
filed on September 17, 2004 and Japanese Patent Application No.

2005-207881, which was filed on July 15, 2005.

BACKGROUND OF THE INVENTION

[6002] The present invention relates to electrochemical
machining (ECM), and more specifically to an electrochemical
machining tool and a method of machining using the electrochemical
machining tool for manufacturing a high quality product, such as
a bearing sleeve, at a low cost.

[0003] Conventional electrochemical machining
equipment for deburring, as described, for example, in Japanese
Unexamined Patent Application H10-277842, includes electrodes and
a pulse current supply with a direct current power supply and a
control device for applying a pulse current to a workpiece and to
the electrodes. The electrodes include machining electrodes for
deburring the workpiece and electrodes for detecting the position
of the workpiece. An electrolyte is supplied between the workpiece
and the electrodes, and the workpiece is aligned at a designated

position relative to the electrodes.



WO 2006/033758 PCT/US2005/030072
2

[0004] With regard to the direct current power supply,
the pogitive terminal (+) is connected to the workpiece, and the
negative terminal (-) 1s connected to the workpiece machining
electrodes and to the electrodes for detecting the workpiece
position via the control device. It should be noted however, that
the above document describes the workpiece machining electrodes for
deburring and the pulse current supply as general concepts not easily
practiced by one of ordinary skill in the art.

[0005] It is also known, as described for example in
Japanese Unexamined Patent Application 2000-198042, that during
electrochemical machining ultrasonic oscillation having an
approximately uniform intensity can be directly propagated to the
internal wall surface of the processing hole of the workpiece using
a hone electrode tool having a structure that serves as both a hone
tool for ultrasonic machining and an electrode tool for
electrochemical machining. At the same time, an electrochemical
effect is applied based on the electrochemical machining on the
internal wall surface of the processing hole of the workpiece. As
a result, parts having recesses where a conventional brush would
not reach are effectively cleaned due to the action of the ultrasonic
oscillation and the electrochemical effect. Metal chips and buxrs,
such as fine particles and shavings, can be effectively remowed.

[0006] Further, it is known that, during conventional
electrochemical machining including electrochemical deburring and
electrochemical polishing processes, either one of the deburxing

or polishing processes can be carried out individually or both can
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be carried out simultaneously. Further, the electrolyte used in
machining can be composed in a certain manner to achieve specific
results associated with machining while ensuring that the
electrolyte has stable conduction properties. For example, the
electrolyte can include an oxidizing reagent capable of promoting
surface oxidation in order to dissolve the metal surface of the
workpiece to be machined, a polarization enhancer capable of
maintaining the concentration polarization, and an inhibitor
capable of inhibiting corrosion of the metal surface of the workpiece
by the etching component. Japanese Unexamined Patent Application
H07-316899 describes an electrolyte solution including one or a
combination of electrolytes having one, two, or all three of the
oxidizing reagent, the polarization enhancer or the inhibitor.
[0007] Still further, as described for example in
JapaneseUhexéminedPatentA@plication}ﬂi—207530,electrochemical
machining equipment may have processing electrodes configured to
form a groove with a designated shape by electrochemical machining
of an inner circumferential surface of a sleeve member. The
processing electrodes can include groove machining electrodes
cépable of forming one or more grooves and finishing electrodes
capable of carrying out a finishing process in which the sleeve
member and the processing electrodes are moved in a designated
relative direction, the groove machining electrodes form a groove
on the inner circumferential surface of the sleeve member, and the

finishing electrodes finish the inner circumferential surface.
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[0008] However, while the above discussed reference
generally describes machining of a radial dynamic pressure
generating groove on the inner circumference of a sleeve, it fails

to describe machining of an axial dynamic pressure generating groove

at a designated position on the edge of the sleeve.
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SUMMARY OF THE INVENTION

[0009] To overcome the above limitations of known
machining tools and processes, the present invention provides an
electrochemical machining tool and machining process using the
electrochemical machining tool described herein, that are capable
of producing a high quality machined product at a low cost. More
specifically, the electrochemical machining tool and machining
process of the present invention reduces the number of steps
associated with machining a workpiece such as a hydrodynamic
pressure bearing sleeve, as placement or setting of the workpiece
sleeve, and setting of the electrochemical machining tool, need only
be performed once.

[0010] As noted, high quality and low cost manufacturing
of workpieces such as bearing sleeves can be achieved by reducing
the number of set-up related procedures and other procedures used
for sleeve manufacturing. For example, the piece and
electrochemical machining tool can be set up once, and procedures
can be conducted with an electrochemical machining tool in
accordance with the present invention to simultaneously or
selectively perform machining of a radial dynamic pressure
generating groove at a designated position on the inner
circumferential surface of the workpiece, machining of an axial
dynamic pressure groove at a designated position on the edge surface
of the piece or sleeve, and deburring to remove machine processed
burrs at an oil pool on the inner circumferential surface of the

piece or sleeve.
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[0011] It will be appreciated that the electrochemical
machining tool and machining process can be used to machine
workpieces and thereby produce products machined for demanding high
speed, high accuracy applications, such as in a hydrodynamic
pressure bearing capable of use in a hard disk spindle motor. Thus,
in describing the electrochemical machining tool and machining
process of the present invention, while the focus of the description
will be on singular aspects of the present invention such as the
formation of a radial dynamic pressure generating groove and axial
dynamic pressure generating groove, a series of such grooves are
formed on various surfaces as will be described herein for operation
of, for example, a sleeve for a hydrodynamic pressure bearing. In
describing the inventive electrochemical machining tool and method,
the term workpiece may be used in place of sleeve since, in producing
a product such as a sleeve, the tool and method of the present
invention are applied to a workpiece, such as a piece of metal stock
or the like, in accordance with the invention.

[0012] The electrochemical machining tool includes an
electrode body, which can be configured to carry out any of the
electrochemical machining procedures, such as axial groove
machining, radial groove machining, and deburring, and further
includes an insulated guiding tool having an electrolyte passage
forming function and a positioning function for locating the
machining electrodes relative to the workpiece or sleeve. In one
embodiment, the electrode body is provided with electrochemical

machining electrodes for machining an axial and a radial groove,
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and an electrochemical deburring electrode. In such an embodiment,
all machining processes can be carried out simultaneously.
[0013] The electrochemical machining tool is configured
to move reciprocally back and forth as necessary along an axis, such
that the electrochemical machining tool can move away from or move
toward and contact a workpiece such as a sleeve, which can be
supported by a supporting tool. Very close contact can be achieved
by way of pressing the edge of the guiding tool against the edge
of the sleeve on which the axial dynamic pressure groove is to be
formed, or against the top surface of the supporting tool. With
the edge of the guiding tool pressed accordingly, an electrochemical
machining gap can be assured for containing a flow of electrolyte.
[0014] More specifically, the guiding tool can have a
projecting portion configured to be pressed together with the edge
of the workpiece on which the axial dynamic pressure groove is to
be formed, or with the edge of the workpiece supporting tool in order
to assure the electrochemical machining gap for forming an
electrolyte passage. The guiding tool and electrode body can be
made movable relative to each other by a sliding mechanism and a
screw to enable the two components to be adjusted related to one
another. Therefore when, for example, the projecting portion is
worn out, the guiding tool and the electrode body can be readjusted
to ensure close contact and pressure is maintained during operation.
Accordingly, by changing the relative position of the guiding tool
and the electrode body, they can be readjusted relative to each

other.
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[0015] In accordance with a first embodiment of the
present invention, an electrode body of the electrochemical
machining tool can include machining electrodes configured to
simultaneously form an axial dynamic pressure generating groove on
the edge of the workpiece, a radial dynamic pressure generating
groove on the inner circumferential surface of the workpiece and
can remove the machined burrs of an oil pool. The machined burrs
are associated with separate machining of the oil pool, which is
mechanically machined on the inner circumferential surface of the
workpiece. The oil pool formed by the mechanical machining can be
provided anywhere on the inner circumferential surface of the
workpiece. For example, it can be mechanically machined on the
inner side between radial dynamic pressure generating grooves, or
on the external side of the radial dynamic pressure generating
grooves.

[0016] Alternatively, the electrode body of the
electrochemical machining tool can include machining electrodes
configured to sgimultaneously form an axial dynamic pressure
generating groove on the edge of the workpiece and a radial dynamic
pressure generating groove on the inner circumferential surface of
the workpiece. The deburring to remove the machined burrs of the
oil pool is performed separately.

[0017] In accordance with a second embodiment of the
present invention, an electrode body of the electrochemical
machining tool can include electrochemical machining electrodes

configured to simultaneously form an axial dynamic pressure
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generating groove on the edge of the workpiece, and to
electrochemically deburr or remove the machined burrs of the oil
pool, which are mechanically machined on the inner circumferential
surface of the workpiece. Electrochemical machining of a radial
dynamic pressure generating groove on the inner circumferential
surface of the workpiece is performed separately.

[0018] In accordance with a third embodiment, the
electrode body of the electrochemical machining tool can include
machining el ectrodes configured to simultaneously form a radial
dynamic pressure generating groove on the inner circumferential
surface of the workpiece and to deburr or remove the machined burrs
of the oil pool. Electrochemical machining of an axial dynamic
pressure generating groove on the edge of the workpiece is performed
separately.

[0019] The electrode body of the electrochemical
machining tool of the present invention, and the ECM methods
described hexrein can produce a sleeve. The sleeve is manufactured,
for example, froma piece of metal stock by electrochemical machining
using the electrochemical machining tool of the present invention.
Alternatively, the sleeve can further embody a hydrodynamic pressure
bearing having the above described sleeve for use in a spindle motor,
such as a hard disk spindle motor.

[0020] The electrochemical machining tool and
electrochemical machining method of the present invention allow
axial dynamic pressure generating groove machining at a designated

position of the edge of the workpiece, radial dynamic pressure



WO 2006/033758 PCT/US2005/030072
10

generating groove machining at a designated position of the inner
surface of the workpiece, and deburring machining of the oil pool
on the inner surface of the workpiece to be conducted simultaneously
as a single process while the positions of the workpiece and
machining electrodes are set only once. Depending on the individual
instance, the electrochemical machining tool and the
electrochemical machining method allow flexible handling of the
workpiece by allowing simultaneous or sequential procedures or a
combination thereof to be performed as noted above.

[0021] For example, axial dynamic pressure generating
groove machining and deburring machining having similar
electrochemical machining conditions can be carried out first, and
then radial dynamic pressure generating groove machining can be
carried out. As a result, the number of individual process steps
can be reduced as compared to the prior art where electrochemical
machining is carried out one process step at a time. Moreover, in
accordance with the present invention, the workpiece and machining
electrodes remain stationary while the position of the workpiece
and the machining electrodes are set, thereby maintaining and not
reducing precision. Still further, the prior art brushing process
typically required aftexr the deburring process can be omitted,
allowing further reduction in cost and maintaining or improving

precision.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying figures, inwhich like reference
numerals refer to identical or functionally similar elements
throughout the separate views and which, together with the detailed
description below, are incorporated in and form part of the
specification, serve to further illustrate various embodiments and
to explain various principles and advantages all in accordance with
the present invention.

[0023] Fig. 1A is a diagram illustrating a
cross-gsectional view including parts of an electrochemical
machining tool and sleeve supporting tool in accordance with one
embodiment of the present invention.

[0024] Fig. 1B is a diagram illustrating another
cross-gectional view including parts of an electrochemical
machining tool and sleeve supporting tool in accordance with another
embodiment of the present invention.

[0625] Fig. 2 is a diagram illustrating one of the two
cross-sectional views of Fig. 1A and Fig. 1B, including parts of
an electrochemical machining tool in accordance with one embodiment
of the present invention.

[0026] Fig. 3 is a diagram illustrating a
cross-sectional view including parts of an electrochemical
machining tool in accordance with anothex embodiment of the present

invention.
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[0027] Fig. 4 is a diagram illustrating a magnified view
of an o0il pool and deburring electrodes in accordamice with an
embodiment of the present invention.

[0028] Fig. 5 is a diagram illustrating a schematic view
of machining electrodes and an electrolyte passage forming device
in accordance with an embodiment of the present invention.

[0029] Fig. 6 is a diagram illustrating a schematic view
of an electrode body showing machining electrodes in accordance with
an embodiment of the present invention.

[0030] Fig. 7 is a diagram illustrating a perspective
view of an exemplary sleeve machined in accordance with various
embodiments of the present invention.

[0031] Fig. 8 is a diagram illustrating a hydrodynamic
pressure bearing using a sleeve manufactured with the
electrochemical machining tool and ﬁethod in accordance with various

embodiments of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] The present invention will now be described in
detail in accordance with the drawings. The illustration and
description of some components are omitted where their inclusion
would not be necessary for one skilled in the art to understand tthe
present invention.

[0033] Fig. 1A and Fig. 1B show two views of
electrochemical machining tool 1. A projecting portion 22 of an
insulated guiding tool 2 shown in Fig. 1A rests against a sleeve
supporting tool 3. As shown in Fig. 1B, the projecting portion 22
rests against a workpiece such as a sleeve 4.

[0034] As shown with reference to Fig. 1A, Fig. 1B and
Fig. 2, the electrochemical machining tool 1 includes an electrode
body 11, a machining electrode 12 for forming a radial dynami.c
pressure generating groove in the sleeve 4, a machining electrode
13 for forming an axial dynamic pressure generating groove in the
sleeve 4, and a deburring machining electrode 14 for removing buxrs
at, for example, an oil pool on the inner circumferential surface
of the gleeve 4, the burrs resulting from mechanical machining of
the sleeve 4. The electrochemical machining tool 1 can further
include an insulated guiding tool 2, an electrolyte inlet 21, a
projecting portion 22, and a sleeve supporting tool 3. These and
other components will be described in greater detail hereinafter.
It will be appreciated that, as noted, the sleeve 4 can be conside red

a workpiece and will be referred to as such interchangeably here in.
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Reference to the exemplary sleeve 4 can be made, for example, to
a sleeve having axial and radial dynamic pressure generating grooves
such as for use in a hydrodynamic pressure bearing.

[0035] Fig. 5 shows the electrode body 11, the machining
electrode 12, the machining electrode 13, and the deburring
electrode 14. The machining electrodes 12, 13 and 14 can be
configured to remove sludge through inversion switching of a current
that can be applied to the machining electrode 13, the machining
electrode 12, and the deburring electrode 14.

[0036] As noted, the present invention allows
simultaneous machining in connection with an axial dynamic pressure
generating groove machining process conducted at a designated
position on the edge of the workpiece, a radial dynamic pressure
generating groove machining process conducted at a designated
position on the inner circumferential surface of the workpiece, and
a deburring machining process configured to remove machine processed
burrs at, for example, an oil pool on the inner circumferential
surface of the workpiece.

[0037] Alternatively, the axial dynamic pressure
generating groove electrochemical machining and electrochemical
deburring of an oil pool having similar electrochemical machining
conditions can be carried out simultaneously using the electrode
body 11, followed by a separate step of radial dynamic pressure
generating groove electrochemical machining using, for example,
another electrode body (not shown). It should be noted that, in

accordance with the present embodiment, the electrode body 11 can
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include only the machining electrode 13 as shown, for example, in
Fig. 3, and the deburring electrode 14 configured to remove burrs
such as machine processed burrs. The subseqguent radial dynamic
pressure generating groove machining at a designated position on
the inner circumferential surface of the workpiece can be carried
out using a separate electrode body including only the machining
electrode 12.

[0038] Furthermore, the radial dynamic pressure
generating groove machining at a designated position on the inner
circumferential surface of the workpiece can be carried out first,
followed by simultaneous machining of the axial dynamic pressure
generating groove, and the deburring.

[0039] It should be noted that after mechanical
machining of the inner circumferential surface of the sleeve 4 is
carried out and an oil pool 41 is formed in the sleeve 4 as shown,
for example, in Fig. 4, a machined burr 42 remains on the machined
portion. The electrode body 11 of the present invention can be
provided with the deburring electrode 14 to remove the machined burr
42 by electrochemical machining.

[0040] The electrochemical machining tool 1 of the
present invention can include, as shown for example in Fig. 2 and
Fig. 3, the electrode body 11 on an edge thereof. The electrode
body 11 can include a large diameter portion having a diameter
smaller than the external diameter of the sleeve 4 and larger than
the internal diameter of the sleeve 4, and a small diameter portion

having a diameter slightly smaller than the internal diameter of
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the sleeve 4. The machining electrode 13, which is configured to
form the axial dynamic pressure generating groove at a designated
position on the edge of the sleeve 4, is provided on the surface
of the large diameter portion, and the machining electrode 12, which
is configured to form a radial dynamic pressure generating groove
on the inner circumferential surface of the sleeve 4, and/or
deburring electrode 14 configured to remove machine processed burrs
at, for example, an oil pool on the inner circumferential surface
of the sleeve 4, are provided on the outer circumferential surface
of the smaller diameter ?ortion. The electrochemical machining
tool 1 of the present invention can further include a bushing 5,
which can be installed on the electrodes of processing equipment
using a screw or the like. Inaddition, the surface of the electrode
body 11 coming into contact with the electrolyte is coated with an
insulation coating except on the machining electrodes 12, 13 and
14. )

[0041] The electrochemical machining tool 1 of the
present invention includes the electrode body 11, and further
includes an insulated guiding tool 2 having an electrolyte passage
forming function and an electrode positioniﬁg function for locating
the electrode body 11 and the sleeve 4. The electrochemical
machining tool 1 can move reciprocally back and forth along an axis,
as required, to a designated position and the sleeve 4 can freely
be installed and removed. The movement of the electrochemical
machining tool 1 assures the flow of the electrolyte in the

electrochemical machining gap by closely contacting the edge of the
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insulated guiding tool 2 to the axial dynamic pressure groove side
edge of the sleeve 4, which can be supported by supporting tool 3,
or to the top edge of the supporting tool 3 with a certain pressure.
Accordingly, leakage of the electrolyte to locations other than the
electrochemical machining gap is prevented.

[0042] More specifically, the insulated guiding tool 2,
which is mounted on the electrode body 11 as will be described in
greater detail hereinafter, can move back and forth along with the
electrochemical machining tool 1. The insulated guiding tool 2 can
be positioned to come into close contact with the supporting tool
3 by pressing together the projecting portion 22 of the insulated
guiding tool 2, which is the portion projecting slightly from the
large diameter portion of the electrode body 11, and the edge of
the supporting tool 3 for supporting the sleeve 4, as can be seen,
for example, in Fig. 1A. Alternatively, the insulated guiding tool
2 can be configured to come into close contact, for example with
the sleeve 4, by pressing together the projecting portion 22 of the
insulated guiding tool 2 and the edge of the sleeve 4, supported
as can be seen for example in Fig. 1B.

[0043] By pressing the projecting portion 22 of the
insulated guiding tool 2 in the above described manner, an
electrolyte passage in the sleeve machining portion is formed, and
the electrolyte can be introduced from the inlet 21 of the insulated
guiding tool 2, allowing electrochemical machining of the designated
portion of the edge and inner circumferential surface of the sleeve

4. Tt shouldbe noted that the insulated guiding tool 2 can be formed
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using commercially available ceramic or commercially available
synthetic resin. It will be appreciated that synthetic resin is
preferably used to achieve a desired flexibility, since flexibility
of the projecting portion 22 of the insulated guiding tool 2 makes
it difficult for the electrolyte to leak when the insulating guiding
tool 2 is placed into close contact under a pressure with the edge
of the supporting tool 3 or the sleeve 4 as noted above.

[0044] Tn addition to movement of the insulated guiding
tool 2 as described above, the insulated guiding tool 2 and the
supporting tool 3 for the sleeve 4 can move back and forth, allowing
the projecting portion 22 of the insulated guiding tool 2 to come
into contact under a pressure with the edge of the sleeve 4 or the
edge of the supporting tool 3 for the sleeve 4. Consequently, the
electrolyte can be introduced from the inlet 21 of the electrolyte
passage without leakage, and creating an electrolyte passage in the
sleeve machining portion, and therefore, allowing electrochemical
machining of the designated portion of the edge and inner
circumferential surface of the sleeve 4.

[0045] To better understand how electrochemical
machining and formation of the electrolyte passages is accomplished
as described herein above, several observations can be made with
reference to the electrode body 11 as shown in Fig. 5. The
electrochemical machining tool 1 of the present inventionhasa basic
structure of the electrode body 11 and the insulated guiding tool

2. The insulated guiding tool 2 is mounted on the electrode body
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11 and movement of the insulated guiding tool 2 and the electrode
body 11 can be conducted as described above.

[0046] It should be noted however that the projecting
portion 22 canbecome worn, for example, since the projecting portion
22, as shown in detail in Fig. 2 and Fig. 3, is pressed against the
axial dynamic pressure groove side edge of the sleeve 4 or the edge
of the supporting tool 3 for the sleeve 3. Accordingly, the
insulated guiding tool 2 and the electrode body 11 can be made
relatively movable using a sliding mechanism and a screw, such as
bushing 5 and a corresponding screw as described above. It should
be noted that the bushing 5 is used to attach the electrochemical
machining tool to the electrochemical machining equipment.
Further, when the machining electrodes are viewed from the smaller
diameter side, the axial dynamic pressure generating groove
machining electrode 13, which forms the axial dynamic pressure
generating groove, are configured in the manner shown, for example,
at the bottom of Fig. 5.

[0047] It will be appreciated by those of gkill in the
art that conductive materials are used for the electrodes to achieve
the electrochemical machining results described herein. Examples
of the electrode body material including the processing or machining
electrodes used for the electrochemical machining tool of the
present invention are coppefr alloys or iron alloys. An example of
a copper alloy is brass, and an example of an iron alloy is austenitic
atainless steel known in the art as steel having, for example, a

Japanese Industrial St andards (JIS) designation of SUS303, SUS304,
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or the like. While many materials can be used as the insulation
resin to insulate portions of the electrode body other than the
electrodes, insulating material should have a high resistance
against electrolytes such as NaNO; (sodium nitrate) and should
provide a good adherence to the electrode body material. An epoxy
resin, a urethane resin, or a polyimide resin should ideally be
chogen, with epoxy resinsg exhibiting superior performance
characteristics. The ideal base material for the exemplary
workpiece such as the sleeve 4 can also be chosen from copper alloys
or iron alloys. As noted above, an example of a copper alloy is
brass, and an example of an iron alloy is austenitic stainless steel
such as SUS303, SUS304, ox the like.

[0048] While the next section presents detailed examples
and embodiments, they are pxesented for illustrative purposes. The
present invention is not limited by these embodiments.

[0049] In accordance with a first embodiment, radial
dynamic pressure generating groove electrochemical machining,
axial dynamic pressure generating groove electrochemical machining
and electrochemical machining for deburring are carried out
simultaneously using the electrochemical machining tool 1 of the
present invention.

[0050] It will e appreciated that the oil pool 41 is
formed by a mechanical machining process. The sleeve 4, which as
noted is formed from a blank machined austenitic stainless alloy,
will be electrochemically machined using the electrochemical

machining tool 1 of the present invention.
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[0051] As shown in Fig. 2, the electrochemical machining
tool 1 of the present invention includes the insulated guiding tool
2 and the electrode body 11. The electrode body 11 includes the
machining electrode 13 located on the large diameter portion thereof
and configured to form an axial dynamic pressure generating groove
on the edge of the sleeve 4, the machining electrode 12 located on
the small diameter portion of the electxode body 11 and configured
to form a radial dynamic pressure generating groove on the inner
circumferential surface of the sleeve 4, and the deburring electrode
14 also located on the small diameter portion of the electrode body
11 and configured to remove the machined burr at the 0il pool 41
of the inner circumferential surface of the sleeve 4. With
reference to Fig. 4, it should be noted that the oil pool 41 is formed
by mechanical machining, such as turning of the sleeve 4, on a lathe
or the like. Deburring is carried out using the electrochemical
machining tool 1 of the present invention, which as noi;ed above can
be made of austenitic stainless steel .

[0052] The electrochemical machining tool 1, the
insulated guiding tool 2, the supporting tool 3, which hold the
sleeve 4, can be set or placed into designated or predetermined
positions. The sleeve 4 to be electrochemically machined is placed
in the concave supporting portion of the supporting tool 3. The
electrochemical machining tool 1 is ther lowered and, with a certain
amount of force, the edge of the projecting portion 22 of the

insulated guiding tool 2 is pushed against the edge of the sleeve
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4, assuring the flow of the electrolyte in the electrochemical
machining gap for performing electrochemical machining.

[0053] It will be appreciated that by applying a
machining voltage as will be described in greater detail hexreinafter
to the sleeve 4 and the electrode body 11 including the machining
electrodes 12 and 13 and deburring electrode 14 thereori, the
electrolyte in the electrochemical machining gap will carry a
current from the electrode surface through the electrolyte to the
sleeve 4 and react with the surface of the sleeve 4 to ionize and
remove molecules associated with a localized surface of the sleeve
4 through an electrochemical reaction. The groove or grooves are
thereby formed in the sleeve 4 corresponding to the exposed electrode
patterns on the electrode body 11.

[0054] As is well known, the electrolyte canbe recycled.
For example, the electrolyte in the electrolyte bath can be supplied
to a sludge removal device (not shown) for removing the sludge
generated during the electrochemical machining. The electrolyte
from which sludge is removed can be returned, recycled, or otherwise
re-supplied to the electrolyte supplying source. The xecycled
electrolyte in the electrolyte supplying source can be supplied to
the electrolyte bath with a supply pump (not shown). It should be
noted that the inlet 21 of the electrochemical machining tool 1 of
the present invention can include, as described for example in
Japanese Unexamined Patent Application H11-207530 noted above, a
well-known electrolyte recycling device to circulate the

electrolyte in the electrolyte bath (not shown) during the
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electrochemical machining. The electrolyte is supplied to and from
the électrolyte recycling device including, for example, a sludge
removal device with a filter, a container tank to contain the
electrolyte, and a supply pump to supply the electrolyte.

[0055] The electrochemical machining tool 1 can include
an electrode body 11. The electrode body 11 can include the radial
dynamic pressure generating groove machining electrode 12 as
previously described, the axial dynamic pressure generating groove
machining electrode 13, and the deburring electrode 14. A drive
control unit and a drive control circuit (not shown) intervenes
between the electrodes 12, 13 and 14 and a direct current power
supply. The drive control circuit is used to apply a desired
machining voltage to the electrodes 12, 13 and 14 through the
electrode body 11. The insulated guiding tool 2 can move back and
forth by way of a control means (not shown) and establish a position
corresponding to the designated position of the sleeve 4 to be
machined. The sleeve 4 is contained in the concave supporting
portion of the supporting tool 3 and supported at the designated
position.

[0056] By controlling the size of the small diameter
portion of the electrode body 11 or the size of the inner diameter
of the sleeve 4, the gap between the inner surface of the sleeve
4 and the electrodes 12, 13 and 14 of the electrode body 11 can be
controlled to a distance of several tens of micrometers (um) at the
position where the center of the sleeve 4 and the center of the

machining electrodes 12 and 14 coincide. The importance of control
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over the gap distance will be appreciated by one of ordinary skill
in the art of ECM. In addition, regarding the gap between the
electrode 13 and the edge of the supported sleeve 4, the height of
the projecting portion 22 is set in advance so that the gap becomes
several tens of micrometers (um) in a state of close contact under
a pressure. The edge of the projecting portion 22 of the insulated
guiding tool 2 and the edge of the supported sleeve 4 are placed
into close contact under a constant pressure, and are kept
stationary. Electrolyte is fed to the electrochemical machining
gap while the sleeve 4 and the electrochemical machining tool 1 are
stationary.

[0057] It should be noted that the electrolyte supplied
from the electrolyte supplying source (not shown) is fed into the
inlet 21 of the insulated guiding tool 2. An electrolyte passage
is formed from the gap between the axial dynamic pressure generating
groove machining electrode 13 and the edge of the sleeve 4, to the
gaps between the inner circumferential surface of the sleeve 4, the
radial dynamic pressure generating groove machining electrode 12,
and the deburring electrode 14. Electrolyte is thus able to flow
through the passage such that electrochemical machining can be
performed as described herein.

[0058] Between the electrodes 12, 13 and 14 and the direct
current power source, the drive control circuit (not shown) is
provided. Electrolyte is further supplied as noted above. By
applying the machining voltage to the three electrodes, 12, 13 and

14 using the drive control circuit, an axial dynamic pressure
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generating groove 44 on the edge of sleeve 4, and a radial dynamic
pressure generating groove 43 on the inner circumferential surface
of the sleeve 4 are formed as shown in Figure 7. In addition, the
machined burr 42 at the oil pool 41 is removed.

[0059] Alternatively, radial aynamic pressure
generating groove electrochemical machining and axial dynamic
pressure generating groove electrochemical machining may be carried
out simultaneously using the electrochemical machining tool 1 of
the present invention. Unlike the first embodiment,
electrochemical machining for deburring is performed separately.
In this alternative scenario, the electrode body 11 only includes
the radial dynamic pressure generating groove machining electrode
12 and the axial dynamic pressure generating groove machining
electrode 13.

[0060] After the desired electrochemical machining is
carried out, the sleeve 4 is removed and can be brushed or otherwise
cleaned to remove the sludge caused by the electrochemical
machining. The sleeve 4 can then be rinsed and dried. As a result,
a sleeve 4 having a radial dynamic pressure generating groove and
an axial dynamic pressure generating groove is obtained.

[0061] In accordance with a second embodiment, axial
dynamic pressure generating groove electrochemical machining and
deburring are carried out simultaneously, and radial dynamic
pressure generating groove electrochemical machining is carried out

separately.
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[0062] As shown in Fig. 4, the oil pool 41 is formed by
mechanical machining such as a turning process using a machine tool,
amill, a lathe, or the like, to prepare the sleeve 4, which is made
of, for example, austenitic stainless steel. The electrochemical
machining tool 1, as shown for example in Fig. 3, the insulated
guiding tool 2 and the supporting tool 3, which holds or supports
the sleeve 4, are placed or set at a predetermined or designated
position. The sleeve 4 is contained in the concave supporting
portion of the supporting tool 3. The electrochemical machining
tool 1 igs then lowered, and, with a certain amount of force, the
edge of the projecting portion 22 of the insulated guiding tool 2
is pushed against the edge of the sleeve 4, such that a position
of the machining electrode of electrochemical machining tool 1 is
determined with certainty in the axial direction. Accordingly, the
flow of the electrolyte in the electrochemical machining gap is
assured.

[0063] The insulated guiding tool 2 can move
reciprocally back and forth along an axis as necessary, by way of
a control device (not shown) and can establish a position
corresponding to the designated position of the sleeve 4 to be
machined. The sleeve 4 is contained in the concave supporting
portion of the supporting tool 3 and is thereby supported at the
designated position. By controlling the size of the small diameter
portion of the electrode body 11, or the size of the inner diameter
of the sleeve 4, the gap between the inner surface of the sleeve

4 and the electrodes 12 and 14 of the electrode body 11 can be
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controlled to a distance of several tens of micrometers (um) at the
position where the center of the sleeve 4 and the center of the
machining electrodes 12 and 14 coincide to facilitate
electrochemical machining as described herein.

[0064] In addition, regarding the gap between the
electrode 13 and the edge of the sleeve 4, the height of the
projecting portion 22 can be set in advance so that the gap becomes
several tens of micrometers (um) when the projecting portion 22 and
the edge of the sleeve 4 are closely contacted under a pressure.
The edge of the projecting portion 22 of the insulated guiding tool
2 and the edge of the supported sleeve 4 are placed into close contact
under a predetermined pressure and held motionless in a stationary
position. Electrolyte is fed into the electrochemical machining
gap while the sleeve 4 and electrochemical machining tool 1 are
stationary.

[0065] The electrochemical machining tool 1 of the
present embodiment can include an electrode body 11 positioned at
a front end or the edge thereof. The electrode body 11 can include
the axial dynamic pressure generating groove machining electrode
13 and the deburring electrode 14. A radial dynamic pressure
generating groove on the inner circumferential surface of the sleeve
4 is formed separately.

[0066] In the present embodiment, as noted above, the
axial dynamic pressure generating groove electrochemical machining
and deburring machining are simultaneously carried out. Using the

drive control circuit described above (not shown), the machining
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voltage is applied to the axial dynamic pressure generating groove
machining electrode 13 and the deburring electrode 14. As shown
in Fig. 3, the electrochemical machining tool 1 includes the
electrodebody]J_withthenﬁchiningelectrode13cmnfiguraitocarry
out the electrochemical machining of the axial dynamic pressure
generating groove on the edge of the sleeve 4. The electrode body
11 further includes the deburring machining electrode 14 configured
to remove the machined burr 42 at the oil pool 41 on the inner
circumferential surface of the sleeve 4.

[0067] The electrolyte supplied from the electrolyte
supplying source (not shown) can be fed from the inlet 21 of the
insulated guiding tool 2. An electrolyte passage is formed from
the gap between the axial dynamic pressure generating groove
machining electrode 13 and the edge of the sleeve 4, to the gaps
between the inner circumferential surface of the sleeve 4 and the
deburring electrode 14. The electrolyte can thus flow through the
gaps.

[0068] Between the electrodes 13 and 14 and the direct
current power source, the drive control circuit {(not shown) is
provided as noted. The electrolyte can be supplied and, by applying
the machining voltage to the two electrodes 13 and 14, for example
using the driving circuit, an axial dynamic pressure generating
groove 44 can be machined on the edge of sleeve 4 and the machined
burr 42 at the oil pool 41 can be removed by deburring electrode
14. In a separate procedure, an electrochemical machining tool 1

using an electrode body 11 with only a radial dynamic pressure
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generating groove electrochemical machining electrode 12 can be used
to machine & radial dynamic pressure generating groove.

[0069] After the desired electrochemical machining is
carried out, the sleeve 4 is removed and can be brushed or otherwise
cleaned to remove the sludge caused by the electrochemical
machining. The sleeve 4 can then be rinsed and dried. As a result,
a sleeve 4 having a radial dynamic pressure generating groove and
an axial dymamic pressure generating groove is obtained.

[0070] In accordance with a third embodiment, an
electrochemical machining tool of the present invention
simultaneously performs an electrochemical machining process for
forming a radial dynamic pressure generating groove and an
electrochemical machining process for removing burrs occurring from
a mechanical machining process. An electrochemical machining
process for forming an axial dynamic pressure generating groove is
performed separately.

[0071] The electrochemical machining tool 1 of the
present embodiment corresponds to the electrochemical machining
tool 1 as shown, for example, in Fig. 2, with the electrode 13, for
machining an axial dynamic pressure generating groove, omitted. In
other words , the electrochemical machining tool 1 has the electrode
body 11 on a front end or edge thereof. The electrode body 11
includes the radial dynamic pressure generating groove machining
electrode 12, and the deburring electrode 14. A drive control
circuit (not shown) intervenes between the electrodes 12 and 14 and

a direct-current power supply. By making use of the drive control
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circuit in a desired way, a voltage for the simultaneous machining
and deburring processes can be applied to the electrodes 12 and 14.
In such a configuratiori, the electrodes 12 and 14 of the
electrochemical machining tool 1 can have highly accurate relative
positions because the el ectrodes can be made closely at very precise
positions on the same surface without being affected by the presence
of the electrode 13. As a result, the overall accuracy of the
electrochemical machining tool 1 is improved, and the setup
operation during an electrochemical machining process becomes
easier.

[0072] It will be appreciated that in accordance with
the present embodiment, the electrochemical machining process for
forming an axial dynamic pressure generating groove on the end
surface of the sleeve is performed separately by using an
electrochemical machining tool 1, of which the electrode body 11
has only electrode 13 for electrochemically machining an axial
dynamic pressure generating groove. Except for the structural
differences in the exemplary electrode body 11 described above in
connection with the present embodiment, the machining method is the
same as in the second embodiment, and the same results are obtained;
therefore, a detailed explanation of the electrochemical machining
process is omitted.

[0073] The electrochemical machining tool of the present
invention, in accordance with the above described embodiments, can
be used tQ manufacture a hydrodynamic pressure bearing as shown in

Fig. 7 using the sleeve 4. As shown, it can be seen that the sleeve
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4 can be configured in roughly a hol low cylindrical shape having
edge surfaces at each end thereof, and inner and outer
circumferential surfaces. The axial dynamic pressure generating
groove 44 can be seen on one of the edge surface portions of the
sleeve 4, the radial dynamic pressure generating groove 43 can be
seen on the inner circumferential surface of the sleeve 4, and the
o0il pool 41 can be seen also on the inner circumferential surface
of the sleeve 4.

[0074] As shown in Fig. 8, the resulting hydrodynamic
pressure bearing includes a radial dynamic pressure generating
groove 43 located on the inner circumf erential surface of the sleeve
4, and an axial dynamic pressure generating groove 44 located on
an edge portion of the sleeve 4. The sleeve 4 can further include
the oil pool 41, which can be obtained as described above, for
example, in connection with the first, second, and third
embodiments.

[0075] A rotary shaft 6 to which a flange 61 is fit on
one end thereof, can be inserted or assembled within the sleeve 4
so that it rotates freely. An end cap 7 and a tubular sleeve 9 can
be used to contain components of the hydrodynamic pressure bearing.
The end cap 7 can be provided with axial dynamic pressure generating
grooves formed using, for example, principles described herein, on
an edge surface thereof. An outer circumference of the end cap 7
and an end portion of the tubular sleeve 9 can be welded to form
a cup shape. The tubular sleeve 9 is fit to the outer circumference

of the sleeve 4 of the hydrodynamic pressure bearing and is sealed
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in an airtight condition at the outer circumferential surface of
hydrodynamic pressure bearing with an adhesive 15 so that the top
and bottom edges of the flange 61 are facing respect ively the axial
dynamic pressure generating grooves 44 of sleeve 4 and the axial
dynamic pressure generating grooves 71 formed on the end cap 7.

[0076] The distance between the end suxface of the
hydrodynamic pressure bearing and the surface of the end cap 7 can
be configured using a spacer 8 to form a suitably si zed gap, space,
cavity, or the like in which the rotary shaft 6 and the flange 61
can be suspended. The space or gap formed with the hydrodynamic
pressure bearing, the end cap 7, and the rotary shaft 6 including
the flange 61 is filled with a lubricant oil 10 to promote lubrication
and suspension of the rotary shaft 6 including the £lange 61 by the
generation of dynamic pressure in the oil 10 by the action of the
dynamic pressure generating grooves discussed and described herein
during rotation as will be further described.

[0077] When the rotary shaft 6 with the £l ange 61 rotates,
axial and radial dynamic pressures are generated in the lubricant
o0il 10, between the rotary shaft 6 and the radial dynamic pressure
generating grooves 43 on the inner circumferential surface of the
sleeve 4, and between the flange 61 and the axial dynamic pressure
generating grooves 44 formed on the edge portion of sleeve 4, and
axial dynamic pressure generating grooves 71 formed on the end plate
7. By the lifting action associated with the dynamic pressures
generated during rotation, the rotary shaft 6 with the flange 61

can freely rotate. It is important to note that while machining
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of an axial pressure generating groove and machining of a radi.al
pressure generating groove are described herein in accordance with
the invention, suspension of the rotary shaft 6 with the flange 61
are accomplished with a series of such grooves formed, in the above
described manner, around, for example, the circumference of the
sleeve 4, or around the edge surface of the gleeve 4 as shown, £or
example, in the figures.

- [0078] The electrochemical machining tool and
electrochemical machining method of the present invention allow
radial dynamic pressure generating groove machining, axial dynarnic
pressure generating groove machining at a designated position of
the inner surface of the sleeve 4, and deburring machining of the
oil pool 41 at the inner surface of the sleeve 4 as a single process,
while the positions of the sleeve 4 and the machining electrodes
12, 13 and 14 are set only once. Electrochemical machining of the
radial dynamic pressure generating groove, axial dynamic presswure
generating groove and burrs associated with the oil pool, and the
resulting sleeve allow for superior mass production capacity lead ing
to high industrial availability of related parts or subassembli es.

[0079] The disclosure is intended to explain how to
fashion and use various embodiments in accordance with the invent ion
and is not intended to be exhaustive or to limit the inventiomn to
the precise form disclosed. Modifications or variations are
possible in light of the above teachings. The embodiments were
chosen and described to provide the best illustration of the

principles of the invention and its practical application, and to



WO 2006/033758 PCT/US2005/030072
34

enable one of ordinary skill in the art to utilize the invention
in various embodiments and modifications as are suited to the

particular use contemplated, and which fall within the scope of the
invention as determined by the appended claims, and all equivalents
thereof, when interpreted in accordance with the breadth t§ which

they are fairly, legally, and equitably entitled.
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CLAIMS

1. An electrochemical machining tool for machining a
workpiece, the electrochemical machining tool comprising:

an electrode body configured to simultaneously conduct at
least two of: a first electrochemical machining of an axial dynamic
pressure generating groove on the workpiece; a second
electrochemical machining of a radial dynamic pressure generating
groove located on the workpiece; and an electrochemical removing
of a burr located on the workpiece; and

aninsulatedguidingtoolconfiguraitopositiontheelectrode
body in relation to the workpiece and simultaneously form an

electrolyte passage.

5. An electrochemical machining tool as set forth in claim
1, wherein when two of the first electrochemical machining, the
second electrochemical machining, and the electrochemical removing
of the burr are simultaneously conducted, the other of the first
electrochemical machining, the second electrochemical machining,
and the electrochemical removing of the burr is conducted

separately.



WO 2006/033758 PCT/US2005/030072
36

3. An electrochemical machining tool as set forth in claim
1, wherein:

the workpiece is supported by a supporting tool; and

the insulated guiding tool includes an edge configured to
press against one of a top surface of the supporting tool, and an
edge of the workpiece, so as to secure the flow of electrolyte in

the electrolyte passage.

4. An electrochemical machining tool as set forth in claim
1, wherein:

the workpiece is supported by a supporting tool; and

the insulated guiding tool includes a projecting portion and
is further configured to press the projecting portion against one
of a top surface of the supporting tool and an edge of the workpiece
associated with the first electrochemical machining of the axial
dynamic pressure generating groove so as to secure the flow of
electrolyte in the electrolyte passage, the electrolyte passage
associated with the first electrochemical machining of the axial

dynamic pressure generating groove.

5. An electrochemical machining tool as set forth in claim
1, wherein the first electrochemical machining of the axial dynamic

pressure generating groove is performed on an edge of the workpiece.
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6. An electrochemical machining tool as set forth in claim
1, wherein the second electrochemical machining of the radial
dynamic pressure generating groove is performed on an inner

circumferential surface of the workpiece.

7. An electrochemical machining tool as set forth in claim
1, wherein the electrode body is configured to simultaneously
conduct:

the first electrochemical machining of the axial dynamic
pressure generating groove on an edge of the workpiece, and

the deburring electrochemical machining of the burr.

8. An electrochemical machining tool as set forth in claim
1, wherein the electrode body is configured to simultaneously
conduct:

the first electrochemical machining of the axial dynamic
pressure generating groove on an edge of the workpiece, and

the second electrochemical machining of the radial dynamic
pressure generating groove on an inner circumferential surface of

the workpiece.

9. An electrochemical machining tool as set forth in claim
1, wherein the insulated guiding tool and the electrode body are

movable relative to each other.

10. A method of performing electrochemical machining of a
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workpiece using an electrochemical machining tool, comprising:
simultaneously performing at least two of:
a first electrochemical machining of an axial dynamic pressure
generating groove on the workpiece,
a second electrochemical machining of a radial dynamic
pressure generating groove on the workpiece, and
a deburring electrochemical machining of a burr located on

the workpiece.

11. A method as set forth in claim 10, wherein the
electrochemical machining tool includes an electrode body, the
method further comprising positioning the electrode body and the

workpiece to form an electrolyte passage therebetween.

12. A method as set forth in claim 10, further comprising
separately performing a remaining one of the first electrochemical
machining of the axial dynamic pressure generating groove, the
second electrochemical machining of the radial dynamic pressure
generating groove, and the deburring electrochemical machining of

the burr.

13. A method as set forth in claim 10, wherein the first
electrochemical machining of the axial dynamic pressure generating
groove and the deburring electrochemical machining of the burr are

simultaneously performed.
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14. A method as set forth in claim 10, wherein the first
electrochemical machining of the axial dynamic pressure generating
groove and the second electrochemical machining of the radial

dynamic pressure generating groove are gsimultaneously performed.

15. A method as set forth in claim 10, wherein the workpiece
includes a sleeve associated with a hydrodynamic pressure bearing.
16. A method as set forth in claim 15, wherein the

hydrodynamic pressure bearing is associated with a spindle motor.

17. An electrochemical machining apparatus for performing
one or simultaneously two or more of: an electrochemical machining
of an axial dynamic pressure generating groove, an electrochemical
machining of a radial dynamic pressure generating groove, and an
elect rochemical machining for removing burrs, the electrochemical
machining of the axial dynamic pressure generating groove being
perfoxrmed at a predetermined location on an end surface of a sleeve,
the electrochemical machining of the radial dynamic pressure
generating groove being performed at a first predetermined location
onan inner peripheral surface of the sleeve, and the burrs occurring
from & mechanical machining process performed separately at a second
predetermined location on the inner peripheral surface of the sleeve,
the electrochemical machining apparatus comprising:

a sleeve holding device for holding the sleeve;
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an electrode unit configured to perform the one or
simultaneous two or more electrochemical machining processes; and
an insulatimng guide tool configured to:
form a pathway with the electrode unit and the sleeve
for an electrochemical solution associated with the electrochemical
machining processes, and
determine a position of an electrode relative to the
sleeve,
wherein the electrochemical machining apparatus is configured
to move along an axis so as to ensure that an end surface of the
insulated guide tool is contacted under a pressure to one of an end
surface of the axial dynamic pressure generating groove side of the
sleeve and an upper end surface of the sleeve-holding device, and

wherein an electrochemical solution thereby flows into the pathway.

18. The electrochemical machining apparatus according to
claim 17, wherein the electrode unit comprises:

a machining electrode for performing the electrochemically
machining the axial dynamic pressure generating groove on the end
gsurface of the sleeve; and

a burr removal machining electrode for performing the
electrochemically machining to remove the burrs occurring from the
separate mechanical machining process, the second predetermined
location including an oil containing section on the inner peripheral

gurface of the sleeve.
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19. The electrochemical machining apparatus according to
claim 17, wherein the electrode unit comprises:

a first machining electrode for performing the
electrochemically machining the axial dynamic pressure generating
groove on the end surface of the sleeve; and

a second machining electrode for performing the
electrochemically machining the radial dynamic pressure generating

groove on the inner peripheral surface of the sleeve.

20. The electrochemical machining apparatus according to
claim 17, wherein the electrode unit comprises:

a machining electrode for performing the electrochemically
machining the radial dynamic pressure generating groove on the inner
peripheral surface of the sleeve; and

a burr removal machining electrode for performing the
electrochemically machining to remove the burrs occurring from the
separate mechanical machining process, the second predetermined
location including an 0oil containing section on the inner peripheral

surface of the sleeve.

21. The electrochemical machining apparatus according to
claim 17, wherein the el ectrode unit comprises:

a first machining electrode for performing the
electrochemically machining the axial dynamic pressure generating
groove on the end surface of the sleeve;

a second machining electrode for performing the
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electrochemically machining the radial dynamic pressure generating
groove on the inner peripheral surface of the sleeve; and

a burr removal machining electrode for performing the
electrochemically machining to remove the burrs occurring from the
separate mechanical machining process, the second predetermined
location including an oil containing section on the inner peripheral

surface of the sleeve.

22. The electrochemical machining apparatus according to
claim 17, wherein the insulated guide tool includes a convex portion
for assuring a gap for performing the machining process for forming
axial dynamic pressure generating groove, the convex portion being
contacted under the pressure to either the end surface of the axial
dynamic pressure generating groove side of the sleeve or the upper

end surface of the sleeve holding device.

23. The electrochemical machining apparatus according to
claim 17, wherein the insulated guide tool and the electrode unit

are relatively movable.
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