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respective one or more electrodes (20) and be assembled onto the spindle (21) of the machining tool (11). The machining system
(10) further comprises one or more adapters (13) and one or more power sources (15) configured to electrically connect to the
respective one or more adapters (13) and the workpiece (101). The one or more adapters (13) are configured to conductively
contact the respective one or more tool holding elements (12). Further, the machining system (10) comprises one or more

machining solution sources (16) provided to pass one or more machining solutions between the workpiece (101) and the
respective one or more electrodes (20). A tool adapter assembly Is also presented.
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FIG. 1

a machining tool (11) comprising a spindle (21), one or more elec-
y trodes (20) configured to perform the electromachinmg, and one or
more tool holding elements (12) configure to conductively hold
he respective one or more electrodes (20) and be assembled onto
e spindle (21) of the machining tool (11). The machining system

(10) turther comprises one or more adapters (13) and one or more
23 power sources (15) configured to electrically connect to the re-
spective one or more adapters (13) and the workpiece (101). The
one or more adapters (13) are configured to conductively contact
the respective one or more tool holding elements (12). Further, the
machining system (10) comprises one or more machining solution
sources (16) provided to pass one or more machining solutions be-
tween the workpiece (101) and the respective one or more elec-
trodes (20). A tool adapter assembly is also presented.
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TOOL ADAPTER ASSEMBLY AND MACHINING SYSTEM

BACKGROUND

[0001] This 1mvention relates generally to tool adapter assemblies and
machining systems employing the tool adapter assemblies. More particularly, this
invention relates to tool adapter assemblies and machining systems employing the

tool adapter assemblies for electromachining.

[0002] Machining systems, such as computer numerical controlled (CNC)
machines (or “machining centers’) are widely used for machining workpieces. Due
to noncontact machining, higher efficiency and lower cutting tool cost,
clectromachining capacities are being embedded into the machining systems for

machining workpieces, such as workpieces having higher hardness.

[0003] Electromachining, such as c¢lectro discharge machining (EDM),
clectrochemical machining (ECM) or clectrochemical discharging machining
(ECDM) 1s a process in which a cathodic electrode 1s positioned atop an electrically
conductive workpiece, and a machining solution 1s channeled therebetween.
Electrical current passes between the clectrode and the workpiece, and locally

removes the workpiece for forming desired features thercon.

[0004] However, in current applications, 1t 1s difficult to embed machining
systems with the electromachining capabilities, it 1S time-consuming for preparation
of such clectromachining and 1nefficient to exchange cutting tools with different

machining capabilities.

[0005] Therefore, there 1s a need for a new and improved tool adapter
assembly and machining system employing the tool adapter assembly for

clectromachining.
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BRIEF DESCRIPTION

[0006] A machining system for electromachining of a workpiece 1s provided
in accordance with one embodiment of the invention. The machining system
comprises a machining tool comprising a spindle, one or more electrodes configured
to perform the electromachining, and one or more tool holding elements configure to
conductively hold the respective one or more clectrodes and be assembled onto the
spindle of the machming tool. The machining system further comprises one or more
adapters, and one or more power sources configured to electrically connect to the
respective one or more adapters and the workpiece so as to energize the workpiece
and the respective one or more electrodes to opposite electrical polarities. The one or
more adapter 18 configured to conductively contact the respective one or more tool
holding elements. Further, the machining system comprises one or more machining
solution sources provided to pass onc or more machining solutions between the

workpiece and the respective one or more electrodes.

[0007] A tool adapter assembly 1s provided in accordance with another
embodiment of the invention. The tool adapter assembly comprises a tool holding
clement configured to conductively hold an e¢lectrode for electromachining of a
workpiece, and comprising a holding head configured to be assembled onto a
machining tool and a holding body connected to the holding head and configured to
hold the electrode. The tool adapter assembly further comprises one or more adapters
configured for electrical connection to a power source and the tool holding clement so

as to provide an electrical connection between the power source and the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The above and other aspects, features, and advantages of the present
disclosure will become more apparent in light of the subsequent detailed description

when taken 1n conjunction with the accompanying drawings in which:

[0009] FIGS. 1-4 are schematic diagrams of a machining system 1n

accordance with various embodiments of the invention;

2
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[0010] FIG. 5 1s a schematic diagram of a tool adapter assembly holding an
clectrode of the machining system i1n accordance with one embodiment of the

Invention;

[0011] FIG. 6 1s a schematic diagram of the tool adapter assembly holding the

clectrode 1n accordance with another embodiment of the invention;

[0012] FIG. 7 1s a perspective view of the tool adapter assembly holding the

electrode 1n accordance with one embodiment of the invention; and

[0013] FIG. 8 1s a cross sectional view of the tool adapter assembly shown 1n

FIG. 7.
DETAILED DESCRIPTION OF THE INVENTION

[0014] Embodiments of the present disclosure are described herein with
reference to the accompanying drawings. In the subsequent description, well-known
functions or constructions are not described 1 detail to avoid obscuring the disclosure

in unnecessary detail.

[0015] FIG. 1 illustrates a schematic diagram of a machining system 10 for
machining a workpiece 101 1n accordance with one embodiment of the invention. In
non-limiting examples, the machining system 10 may comprise a computer numerical
controlled (CNC) machine (or “machining center”) and may automatically machine
the workpiece 101 according to preset control programs therein with one or more
cutting tools, which may be carried 1n a tool storage or magazine of the machining

system. In certain applications, the tool storage or magazine may not be employed.

[0016] As 1llustrated in FIG. 1, the machining system 10 comprises a machine
tool 11, a tool adapter assembly (not labeled) comprising an adapter 13 and a tool
holding element 12 holding a cutting tool 20, a tool delivery apparatus 14, a power
source 15, a machining solution source 16, and a controller 17. It should be noted that
the arrangement 1n FIG. 1 1s merely 1llustrative. The same numerals in FIGS. 1-7 may

indicate similar elements. For some arrangements, one or more power sources, one or
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more tool adapter assemblies, one or more tool delivery apparatuses, one or more

machining solution sources, and/or one or more controllers may be employed.

[0017] For the arrangements of the imnvention, the tool holding element 12 1s
disposed on the machine tool 11 for performing desired machining for the workpiece
101. The machining tool 11 may perform certain operations, such as movement
operations. In one non-limiting example, the cutting tool 20 comprises an electrode
configured to perform clectromachining. As used herein, 1n some applications, the
term “clectromachining” may indicate e¢lectro discharge machining (EDM),
clectrochemical machining (ECM), electrochemical discharging machining (ECDM),
clectro arc machining (ECAM) or electroerosion machining. In one example, the tool

holding element 12 performs ECDM.

[0018] In the 1illustrated example, the tool holding element 12 comprises a
holding head 18 and a holding body 19 connected to the holding head 18 with an
upper end thercof. The machine tool 11 comprises a spindle 21 defining a fitting
recess (not labeled) for securcly accommodating at least a portion of the holding head
18, so that the tool holding element 12 1s assembled onto the machine tool 11 fixedly
via cooperation of the holding head 18 and the spindle 21. Thus, the tool holding
clement 12 moves with the movement of the spindle 21. In one example, the tool

holding element 12 rotates with the rotation of the spindle 21.

[0019] The electrode 20 1s disposed at a lower end of the holding body 19.
Additionally, a collet 22 1s provided to hold the electrode 20 onto the holding body 19.
In certain applications, other suitable holding eclements may be employed to hold the

clectrode 20 onto the holding body 19 fixedly.

[0020] For some arrangements, the adapter 13 and the workpiece 101 may be
clectrically connected to the power source 15. In some non-limiting examples, the
adapter 13 and the workpiece 101 may be clectrically connected to negative and

positive terminals of the power source 135, respectively.

[0021] In the example 1llustrated in FIG. 1, the adapter 13 comprises a base 23
fixedly and detachably assembled onto the spindle 21, and an arm 24 with one end

4
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pivotally connected to the base 23 and configured to electrically contact the holding
body 19. In some non-limiting examples, the adapter 23 may not be assembled onto
the spindle 21. Each of the arm 24, the holding body 19 and the clectrode 20 may
comprise onc or more ¢lectrically conductive materials and be connected 1n turn, so
that an electrical current from the power source 15 may pass through the arm 24 and

the holding body 19 to reach the electrode 20 for electromachining.

[0022] Thus, 1n non-limiting examples, the electrode 20 may function as a
cathode and the workpiece 101 may act as an anode during operation. Non-limiting
examples of the one or more clectrically conductive materials include metal, metal

alloys or other suitable materials.

[0023] In certain applications, the base 23 and the holding head 18 may also
be electrically conductive. As illustrated in FIG. 1, electrically insulating elements 25,
26 may be provided between the holding head 18 and the holding body 19, and
between the spindle 21 and the base 23 respectively for electrical insulation. Each of
the elements 25, 26 may comprise on¢ or more ¢lectrically insulating materials. Non-
[imiting examples of the one or more of the electrically insulating materials including

polyethylene, ceramics, rubbers materials or other suitable materials.

[0024] In other applications, the base 23 and/or the holding head 18 may
comprise on¢ or more clectrically insulating materials. Thus, the element 25 and/or
26 may not be employed. In some examples, the arm 24 may be actuated using a
pneumatic driving mechanism (not shown) to pivot relative to the base 23 to
conductively contact and detach from the holding body 19. Alternatively, other
suitable driving mechanisms including, without limitation, convex mechanisms may

be employed to drive the arm 24 to move toward and away from the holding body 19.

[0025] Thus, 1n some examples, the arm 24 and the holding body 19 may be
clectrically connected so as to conduct an ¢lectrical current therebetween. Similarly,
the holding body 19 may conductively hold (electrically connect) the cutting tool 20,

so that an electrical current may be conducted therebetween.
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[0026] In some examples, 1n order to reinforce the electrical conduction from
the arm 24 to the holding body 19, one or more ¢lectrically conductive elements may
be provided between the arm and the holding body. For the arrangement 1llustrated in
FIG. 1, one or more first electrically conductive elements 27 are disposed at another
end opposite to the one end of the arm 24, which 1s connected to the base 23, to
transfer the electrical power from the arm 24 to the holding body 19. In one non-
limiting example, an eclectrical wire (not shown) may be provided to clectrically
connect the first conductive element 27 and the arm 24 to improve the clectrical
conduction between the arm 24 and the first conductive element 27 since the electrical
resistance of the electrical wire may be lower than that of the arm 24. In non-limiting
examples, the one or more first electrically conductive elements 27 may comprise one

or more carbon brushes.

[0027] In certain applications, as depicted in FIG. 1, one or more second
clectrically conductive elements 28 may also be employed. The one or more second
clectrically conductive elements 28 are disposed on the holding body 19 to reinforce
the eclectrical conduction between the holding body 19 and the one or more first
conductive clements 27. In one example, the one or more second conductive
clements 28 comprise one or more copper elements. In other applications, the first

and second conductive elements 27, 28 may not be employed.

[0028] Thus, during operation, the electrical power from the power source 15
passes through the arm 24, the first and second conductive elements 27, 28, and the
holding body 19 so as to reach the electrode 20. In certain application, one or more
springs 29 may also be disposed on the arm 24 to urge the one or more first
conductive elements 27 to ensure a certain pressure between the one or more first

conductive elements 27 and the respective one or more second conductive elements

28 and/or the holding body 19.

[0029] In some examples, the machining solution source 16 1s configured to
provide one or more machining solutions passing between the electrode 20 and the

workpiece 101 during the electromachining. In non-limiting examples, the machining
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solution(s) may include one or more diclectric solutions or one or more clectrolytes.

In one example, the machining solution(s) comprise one or more electrolytes.

[0030] Stmilar to some current machining systems, 1n the example 1llustrated
in FIG. 1, the machining solution source 16 1s in fluid communication with the spindle
21. The tool holding clement 12 1s assembled onto the spindle 21 and defines a first
passage 30 passing through the holding head 18 and the holding body 19. The
clectrode 20 defines an internal channel 31 in fluild communication with the first
passage 30. As a result, the machining solution from the machining solution source
16 may pass through the first passage 30 and the mternal channel 31 so as to flow
between the electrode 20 and the workpiece 101, which may be referred to as internal

flushing, as indicated by the arrow 102.

[0031] As mentioned above, in some applications, the tool holding element 12
may rotate with the rotation of the spindle 21, and the arm 24 contacts the holding
body 19 to deliver the electrical power. Accordingly, in some examples, due to the
friction between the rotary holding body 19 and the arm 24 during operation, as
illustrated in FIG. 1, the holding body 19 may further define a first chamber 32
therein configured to accommodate the machining solution from an upper portion of
the first passage 30, so as to cool the holding body 19. Then, the machining solution
from the first chamber 31 1s distributed into a lower portion of the first passage 30 to

enter 1nto the internal channel 31 of the electrode 20 for the internal flushing.

[0032] For some arrangements, one or more controllers may be configured to
control the electromachining operation, such as the movement of some components
according to preset control programs. In the example illustrated in FIG. 1, the
controller 17 controls at least the operation of the machine tool 11. Alternatively, the
adapter 13, the tool delivery apparatus 14, the power source 15 and/or the machining
solution source 16 may also be controlled by the controller 17 or may have separate

controllers.

[0033] In certain applications, cach of the one or more controllers may
comprise at least one of a computer, a database, and/or a processor. It should be
noted that the present invention 1s not limited to any particular computer, database or

7
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processor for performing the processing tasks of the invention. The term "computer”,
as that term 1s used herein, 1s intended to denote any machine capable of performing
the calculations, or computations, necessary to perform the tasks of the invention.
The term "computer” 1s intended to denote any machine that 1s capable of accepting a
structured mput and of processing the input in accordance with prescribed rules to
produce an output. It should also be noted that the phrase "configured to" as used
herein means that the computer 158 equipped with a combination of hardware and

software for performing the tasks of the invention.

[0034] In the example 1llustrated in FIG. 1, the tool delivery apparatus 14 1s
configured to automatically deliver one or more cutting tools between one or more
tool delivery apparatuses and the machine tool according to certain control programs,
for example using a controller. In other examples, the tool delivery apparatus may not

be employed.

[0035] Stmilar to some current machining systems, in some non-limiting
examples, the tool delivery apparatus may comprise a tool magazine and/or a tool
cxchange apparatus (not shown). The tool magazine 1s configured to store one or
more cutting tools. The tool exchange apparatus 1s configured to assemble and detach
a desired cutting tool onto and from the machine tool 11, respectively. Non-limiting
examples of the tool exchange apparatus include rotating arms, convex mechanisms
or other suitable mechanisms, which may be readily implemented by one skilled 1n

the art.

[0036] In some applications, the tool exchange apparatus may be assembled
onto the tool magazine, so that the tool magazine may assemble and detach the cutting
tool onto and from the machine tool automatically as well as store the cutting tools.
Alternatively, the tool exchange apparatus may be provided separately from the tool

magazine, as will be understood by those skilled 1n the art.

[0037] In other applications, the tool magazine may not be employed. For
example, one cutting tool 1s provided, and the tool exchange apparatus 1s provided to
assemble and detach the one cutting tool onto and from the machining tool,

respectively. In other examples, 1n addition to assembling and detaching the cutting

3
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tool, the tool exchange apparatus may function as a tool magazine for storing one or

more cutting tools.

[0038] Additionally, as depicted in FIG. 1, the tool holding element 12 further
comprises a notch element 33, so that the tool delivery apparatus 14 clamps the notch
clement 33 to deliver the tool holding element 12. In certain applications, the notch
clement 33 may be unitary with the holding head 18 or may be provided separately
from and/or located below the holding head 18.

[0039] Accordingly, for some arrangements, during operation, according to
certain control programs preset in one or more controllers 17, the tool delivery
apparatus 14 holds a desired cutting tool, such as the tool holding element 12 and
assembles the tool holding eclement 12 onto the spindle 21 of the machine tool 11.
Subsequently, the adapter 13 1s controlled to automatically move to contact the
holding body 19 for electrical connection to the power source 15 and the electrode 20.
Then, an c¢lectric current from the power source 15 passes through the workpiece 101
and the clectrode 22 to remove materials from the workpiece 101 to form desired
features, while the machining solution from the solution source 16 passes through the

first passage 30 and the internal channel 31 to carry the removed materials away.

[0040] In certain examples, after the electromachining 1s completed, the tool
delivery apparatus 14 may detach the tool holding element 12 from the spindle 21. In
other examples, the tool delivery apparatus 14 holds another cutting tool for
assembling onto the spindle 21 while detaching the former tool holding element 12 to

perform other machining, such as milling or hybrid machining.

[0041] As can be seen, for some arrangements, the tool holding element 12 18
automatically assembled onto and/or detached from the spindle 21 so as to improve
the machining efficiency. For other arrangements, regardless of whether the tool
holding clement 12 1s automatically or 1s manually assembled onto the spindle 21, the
adapter 13 may automatically contact the holding body 19, so that the clectrical
connection between the power source 15 and the electrode 20 may be automatically

provided, which may enhance the efficiency of the machining.
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[0042] FIG. 2 1s a schematic diagram of the machining system 10 1n
accordance with another embodiment of the invention. It should be noted the
arrangements 1llustrated 1n FIGS. 2-8 are merely 1llustrative. For ease of 1llustration,
the one or more tool delivery apparatus, the one or more power sources, the one or
mor¢ machining solution sources and the one or more controllers are not 1llustrated 1n

the arrangements 1n FIGS. 2-8.

(004 3] As 1llustrated in FIG. 2, the arrangement 1s similar to the arrangement
in FIG. 1. The two arrangements in FIGS. 1-2 differ 1n that the tool adapter assembly
in FIG. 2 comprises multiple adapters 13 assembled onto the spindle 21. Each of the
adapters 13 comprises a base 23 and an arm 24 pivotally connected to the base 23,
and defines onc or more passages 34 at least passing through the arm 24 along the
contour thercof and in fluild communication with the machining solution source 16

(shown 1n FIG. 1). In certain applications, one adapter may be employed.

[0044] Thus, 1n addition to a first passage 30 defined within the tool holding
clement 12 and an internal channel 31 defined within the electrode 20 for the internal
flushing, 1n some examples, the machining solution from the machining solution
source 16 may pass through the respective one or more passages 34 in the respective
on¢ or more adapters 13 so as to project between the electrode 20 and the workpiece
101 from an outside of the electrode 20, which may be referred to as external flushing,
as indicated by the arrow 103, since the machining solution i1s delivered between the
clectrode 20 and the workpiece 101 from a periphery of the electrode 20 1nstead of
through the internal channel 31 1n the electrode 20.

[0045] Additionally, one or more sealing elements 35, such as rubber rings
may be disposed around the adapters 13 and the tool holding element 12 for sealing to
avold leaks and dispersion of the machining solution. Similarly, one or more first and
second electrically conductive elements 27, 28 may also be provided so as to facilitate

forming the electrical connection between the electrode 20 and the power source 15.

[0046] Accordingly, similar to the arrangement 1n FIG. 1, in operation, after
the tool holding element 12 carrying the electrode 20 1s assembled onto the spindle 21,

the one or more adapters 13 are controlled to automatically move to contact the

10
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respective one or more second conductive clements 28 to form the clectrical
connection between the electrode 20 and the power source 15 for the
clectromachining. In the meantime, the machining solution passes through the one or
more passages 34 within the one or more adapters 13 for the external flushing while
passing through the first passage 30 in the tool holding clement 12 and the internal

channel 31 m the electrode 20 for the internal flushing.

[0047] After the clectromachining, the one or more adapters 13 release the
tool holding element 12, and the tool holding element 12 carrying the electrode 20
may be detached from the spindle 21 and stored, for example 1n a tool magazine. In
certain applications, another cutting tool (not shown) may be selected and assembled
on the spindle 21 for a next machining while detaching the former tool holding

clement 12 carrying the electrode 20.

[0048] As 1llustrated 1in FIG. 3, the arrangement 1s similar to the arrangement
shown 1 FIG. 1. The two arrangements shown 1n FIGS. 1 and 3 differ in that an
adapter 36 1n FIG. 3 comprises a pair of bases 37 and an arm 38. The bases 37 are
diclectrically assembled onto the spindle 21 of the machine tool 11 and connected to
the power source 15. The arm 38 15 conductively assembled onto the holding body 19.
In some applications, the adapter 36 may comprise on¢ or more bases 37 and on¢ or

more arms 3.

[0049] In some applications, the bases 37 and the arm 38 are clectrically
conductive, so that when the tool holding element 12 1s assembled onto the spindle 21,
the bases 37 mate with the arm 38 to form the eclectrical connection between the

power source 15 and the electrode 20.

[0050] In the example 1llustrated in FIG. 3, each of the bases 37 comprise an
clectrically conductive member 39, and a spring 40 1s disposed between the machine
tool 11 and the eclectrically conductive member 39 to urge the electrically conductive
member 39 under a certain pressure to contact the arm(s) 38. In one example, the
clectrically conductive member 39 comprises a carbon brush. The arm 38 has a
toroidal shape and 1s disposed around the holding body 19. In other applications, the

arm 38 may have other shapes, such as a rectangular shape.

11
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[0051] For the arrangement 1llustrated in FIG. 3, in addition to the first
passage 30 defined within the tool holding element 12 and the internal channel 31
defined within the electrode 20, the tool holding element 12 further defines one or
more second passages 41 disposed besides the first passage 30 to be mn fluid
communication with the machining solution source 16, so that the machining solution
passes through the one or more second passages 41 defined within the tool holding
clement 12 to flow between the electrode 20 and the workpiece 101 from a periphery

of the electrode 20 to perform the external flushing.

[0052] Additionally, the tool holding clement 12 further defines a second
chamber 42 within the holding head 18 to distribute the machining solution into the
first and second passages 30, 41, and a second notch clement 43 disposed on the
holding body 19 for clamping of the tool delivery apparatus 14. In some applications,
the first and second chambers 32, 42 may not be employed. A first notch element 33

may not be employed for certain arrangements.

[0053] Accordingly, 1n operation, after the tool holding clement 12 1s
assembled onto the spindle 21, the clectrically conductive bases 37 contact the
clectrically conductive arm 38 so as to form the e¢lectrical connection between the
clectrode 20 and the power source 15. The machining solution from the solution
source 16 enters mnto the second chamber 42 for distribution. Then, a portion of the
machining solution passes through the first passage 30 and the internal channel 31 for
the internal flushing. Simultancously, another portion of the machining solution
passes through the one or more second passages 41 to flow outside the electrode for

the external flushing.

[0054] FIG. 4 1s a schematic diagram of the machining system 10 1n
accordance with yet another embodiment of the invention. As 1llustrated 1n FIG. 4, an
adapter 44 comprises a base 45 and an arm 46 configured to mate with the base 45 so

as to provide the electrical connection and/or the machining solution connection.

[0055] The base 45 1s assembled onto the spindle 21 and comprises a first
connection c¢lement (not labeled). The first connection element comprises an

clectrical element 47 defining a fitting recess 48 and celectrically connected to the
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power source 15, and a fluid communication element 49 defining a fitting passage 50
to be 1n fluid communication with the machining solution source 16 (shown 1n FIG. 1).
In some applications, the electrical element 47 and the fluild communication element

49 may be unitary or may be provided separately from each other.

[0056] The arm 46 comprises a supporting clement 51 assembled onto the
holding body 19 and a second connection clement (not labeled). The second
connection c¢lement comprises an clectrical connection element 52 and a fluid
connection clement 53 disposed on the supporting clement 51 to mate with the
respective electrical element 47 and the fluid communication element 49 of the first
connection element. One or more bearings 54 are provided between the arm 46 and
the holding body 19 for facilitating rotation of the tool holding clement 12 relative to
the arm 46.

[0057] In some examples, the electrical connection element 52 and/or the fluid
connection clement 53 may be unitary with or provided separately from the
supporting c¢lement 51. In certain applications, the electrical connection element 52
and the fluid connection element 53 may be spaced separately from each other or be

disposed on the same one element.

[0058] In the illustrated example 1n FIG. 4, each of the electrical connection
clement 52 and the fluid connection element 53 comprises a connection portion 55
protruding from an upper surface of the supporting element 51 so as to assure accurate
mating with the respective electrical element 47 and the fluid communication element
48. A first element 56 and a second element 57 are moveably held in and extend
beyond the respective connection portions 55. The second element 57 defines a
connection passage 58 to be in fluid communication with the fitting passage 50 in the
fluild communication element 49. A pair of springs (not labeled) are also disposed
within the connection portions 355, so as to enhance the connection between the
clectrical element 47 and the first element 56, and between the connection passage 58
and the fitting passage 50. In certain applications, the first and second elements 56,
57 may not be employed. The connection portions 55 may be directly connected to

the respective electrical element 47 and the fluid communication element 49.
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[0059] Similarly, in addition to the first passage 30 defined within the tool
holding element 12 and the internal channel 31 defined within the electrode 20 for the
internal flushing, the holding body 19 further defines one or more passages 59 beside
the first passage 30 to be m fluid communication with the fitting passage 50, and a
first chamber 60 for distributing the machining solution into the one or more passages

59 and/or cooling the holding body 19.

[0060] Thus, during operation, after the tool holding element 12 1s assembled
onto the spindle 21, the electrical current passes through the electrical element 47, the
clectrical connection element 52, the supporting element 51 and the holding body 19
to recach the clectrode 20, so as to provide the clectrical connection between the
clectrode 20 and the power source 15 (shown in FIG. 1). Meanwhile, the fluid
connection clement 53 mates with the fluid communication element 49 to form a
solution connection, so that the machining solution passes through the fitting passage
50, the connection passage 58, the first chamber 60 and the passage(s) 59 to flow

outside of the electrode 20 for the external flushing.

[0061] Stmilar to the arrangement mn FIG. 1, one or more of the first and
second conductive elements may be also provided between the supporting element 51
and the holding body 19 to reinforce the clectrical conduction. In non-limiting
cxamples, one or more clectrical wires (not shown) may also be provided to
clectrically connect the one or more first conductive clements and the supporting
clement 51 or the clectrical connection clement 52 to mmprove the celectrical
conduction. Alternatively, the one or more of the first and second conductive

clements may not be employed.

[0062] For the arrangement 1illustrated in FIG. 4, the tool holding element 12
defines the one or more passages 59 therein to perform the external flushing. In some

examples, other arrangements may also be provided for the external flushing.

[0063] FIG. 5 1s a schematic diagram of a tool adapter assembly including the
tool holding element 12 and the adapter 44 1n accordance with one embodiment of the
invention. As illustrated in FIG. 5, the arrangement 1s similar to the arrangement in

FIG. 4. The two arrangements shown 1in FIGS. 4 and 5 differ in that the supporting
14
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clement 51 m FIG. 5 defines a cavity 61 in fluid communication with the connection
passage 58, and one or more projection passages 62 1n fluild communication with the
cavity 61 for projecting the machining solution from the cavity 61 between the

clectrode 20 and the workpiece 101.

[0064] As 1llustrated 1in FIG. 6, the arrangement 1s similar to the arrangement
in FIG. 5. The two arrangements shown 1in FIGS. 5 and 6 differ in that a distribution
clement 63 1n FIG. 6 1s disposed around the electrode 20. The distribution element 63
defines one or more passageways 64 and 1n fluid communication with the connection

passage(s) 58 in the fluid connection element 53.

[0065] Thus, 1n operation, the machining solution from the fitting passage 50
(shown 1n FIG. 4) passes through the one or more passageways 64 1n the distribution

clement 63 so as to flow outside of the electrode 20 for the external flushing.

[0066] For the arrangements in FIGS. 5 and 6, 1n certain examples, the
supporting clement 51 may not define the cavity 61. The one or more projection
passages 62 in FIG. 5 may be defined within the supporting element 51. Similarly,
onc or more of the first and second conductive eclements may be also provided
between the supporting element 51 and the holding body 19 to reinforce the electrical

conduction.

[0067] FIGS. 7 and 8 1illustrate a perspective view and a cross sectional view
of the tool adapter assembly of the tool holding element 12 and an adapter 65 1n
accordance with one embodiment of the invention. As 1llustrated in FIGS. 7 and &,
the configuration of the tool holding element 1s similar to the configurations of the

tool holding element shown in FIGS. 5 and 6.

[0068] The adapter 65 comprises a base 66 and an arm 67. The base 66
comprises a toroidal holding member 68 disposed around the spindle 21, and a first
connection clement 69 disposed on the holding member 68 to be conductively
connected to the power source 15, and defining one or more first channels (not shown)
to be 1 fluid connection with the machining solution source 16. In the 1illustrated

cxample, the holding member 68 and the first connection element 69 are provided
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separately from cach other. Alternatively, the holding member 68 and the first

connection element 69 may be unitary.

[0069] For the 1llustrated arrangement, the first connection eclement 69 1s
clectrically conductive to facilitate forming clectrical connection between the
clectrode 20 and the power source 15. Similar to the arrangement in FIG. 1, for
clectrical insulation, one or more ¢lectrically insulating elements 70 may be disposed
between the holding member 68 and the first connection element 69, and/or between

the holding member 68 and the spindle 21.

[0070] The arm 67 comprises a supporting clement 71 disposed around the
holding body 19 and a second connection element 72 mechanically and electrically
connected to the supporting element 71. Similar to the arrangement in FIGS.4-6, one
or more bearings 54 (shown in FIG. 8) are provided between the supporting element
71 and holding body 19 to facilitate rotating of the tool holding element 12 relative to
the adapter 65. Smmilarly, in certain applications, one or more first conductive
clements, such as carbon brushes, may also be disposed between the supporting
clement 71 and the holding body 19 for facilitating formation of the electrical
connection. In other examples, one or more second conductive elements, such as
copper clements may also or may not be disposed on the holding body 19 to

clectrically mate with the one or more first conductive elements.

[0071] For the arrangement in FIG. 7, the second connection element 72 1s
configured to mate with the first connection element 69 with one end thercof. In
some examples, for casy mating of the first and second connection elements 69, 72, a
plurality of springs (not shown) may be disposed 1 the first and/or connection parts
69, 72. Additionally, one or more electrically conductive materials (not shown), such
as copper materials may also be provided on the first and/or second connection

clements 69, 72 to reinforce the electrical connection therebetween.

[0072] As depicted 1in FIG. 7, the second connection element 72 defines one or
more second channels (not shown) and comprises a protruding portion 73. The one or
more second channels are configured to be 1n fluid communication with the respective

onec or more first channels within the first connection clement 69. In some non-
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limiting examples, the one or more second channels may protrude from the end of the
second connection element 72 cooperating with the first connection element 69 so as
to mnsert into the respective one or more first channels, which may assure accurate
mating between the first and second connection elements 69, 72. Alternatively, other
suitable configurations may be employed on the first or second connection element
for accurate mating of the first and second connection elements. For example,
without limitation, one of the first and second connection elements 1s formed with one
or more protruding pins to cooperate with respective one or more recesses defined on

the other.

[0073] For the arrangement depicted in FIG. 7, the protruding portion 73
protrudes horizontally at an approximately middle portion of the second connection
clement 72 to connect the supporting clement 71 so as to assemble the second
connection element 72 onto the tool holding element 12. Additionally, similar to the
arrangement 1n FIG. 6, a distribution element 63 1s provided around the electrode 20
and 1n fluud communication with the one or more second channels within the second

connection element 72.

[0074] Thus, during operation, the first connection element 69 1s mated with
the second connection element 72, so that the machining solution from the machining
solution source 16 passes through the one or more first channels, the one or more
second channels and the distribution element 63 for the external flushing. Since the
first and second connection elements 69, 72 are electrically conductive, the electrical
current passes through the first and second connection elements 69, 72 to reach the
clectrode 20 so as to form the electrical connection between the power source 15 and

the electrode 20.

[0075] Stmilarly, after operation, the tool holding element 12 may be detached
from the spindle 21, so that the first connection element 69 1s detached from the
second connect part 72. In the 1llustrated example, the second connection element 72
1S separated from the distribution element 63. Alternatively, the second connection

clement 72 may be unitary with the distribution element 63. Additionally, one or
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more of the arrangements in FIGS. 4-6 for the external flushing may also be deployed

for the arrangement 1n FIG. 7.

[0076] In some applications, during the assembly of the tool holding element
12 and the second connection element 72 1s delivered between the machining tool 11
and the tool delivery apparatus 14, in order to avoid vibration or movement of the tool
holding element 12 relative to the second connection element 72, a stop block 74 may
be moveably disposed on the second connection element 72 to hold the tool holding

clement 12 to be stationary relative to the second connection element 72.

[0077] In one example, the upper end of the holding body 19 defines one or
more slots (not labeled). The stop block 74 comprises an extending portion (not
shown) to extend into the one or more slots to lock the holding body 19, so that the

tool holding element 12 and the stop block 74 are stationary relative to each other.

[0078] Then, the tool holding element 12 1s assembled onto the spindle 21, the
first connection element 69 collides with and presses down on the stop block 74 while
the first and the second connection clements 69, 72 are being mated, so that the
extending portion of the stop block 74 slides out of the corresponding slot to release
the holding body 19. Accordingly, when machining, the tool holding clement 12

carrics the electrode 20 to rotate with the rotation of the spindle 21.

[0079] For arrangements of the mnvention, the tool adapter assembly may be
automatically assembled onto and detached from the spindle. The eclectrical
connection and the electrolyte connection, such as the external flushing may be
accomplished automatically in certain control programs, which 1s more efficient
compared to current machining systems for the eclectromachining. Additionally, 1t 1s
relatively easier to use the arrangements of the invention to retrofit current machining

systems for electromachining with higher efficiency.

[0080] While the disclosure has been illustrated and described in typical
embodiments, 1t 1s not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the

spirit of the present disclosure. As such, further modifications and equivalents of the
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disclosure herein disclosed may occur to persons skilled 1n the art using no more than
routine experimentation, and all such modifications and equivalents are believed to be

through the spirit and scope of the disclosure as defined by the subsequent claims.
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WHAT IS CLAIMED I5:

1. A machining system for electromachining of a workpiece, the
machining system comprising: '

a machining tool comprising a spindle;

one or more electrodes configured to perform the electromachining;

one or more tool holding elements configured to conductively hold the
respective onc or more clectrodes and be assembled onto the spindle of the machining
tool;

one or more adapters comprising one or more bases detachably assembled
onto the spindle and an arm having a first end pivotally connected to the one or more
bases and a second end opposite to the first end having one or more electrically
conductive elements configured to conductively contact the respective one or morc
tool holding elements;

one or more power sources electrically connccted to the respective one or
more adapters and the workpiece so as to energize the workpiece and the respective
onc or morc clectrodes to opposite electrical polarities; and

one or more machining solution sources provided to pass one or more
machining solutions between the workpiece and thé respective one or more |

electrodes.

2. The machining system of claim 1, further comprising one or more

controllers contigured to:

control the machining tool to carry the one or more tool holding elements

holding the respective one or more electrodes to perform the electromachining
automatically; and

control the one or more adapters to conductively contact the respective one

or more tool holding clcments automatically.

3. The machining system of claim 1, wherein the one or more tool

holding elements define one or more first passages in fluid communication with onc

or more internal channels defined within the respective one or more electrodes such

that thc onc or more machining solutions enter into the first passages and the internal
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channels through the spindle to internally flush the passages and onc or morc internal

channels.

4, The machining system of claim 3, wherein the one or more
machining solutions pass between the workpiece and the respective one or more
electrodes tfrom periphery of the one or more electrodes to éxternally flush the one or
more electrodes with the one or more machining solutions, and wherein the one or
more tool holding elements define one or more second passages located beside the
respective one or more lirst passages and in fluid communication with the one or
more machining solution sources such that the onc or morc machining solutions
passing through the one or more second passages flow between the workpiéce and the

respective onc or more ¢lectrodes to provide the external flushing.

5. The machining system of claim 1, wherein the one or more adapters
comprises one or more arms configured to cooperate with the respective onc or more

bases so as to conductively contact the respective one or more tool holding elements.

6. The machining system of claim 5, wherein the one or more arms are
assembled onto the respective one or more tool holding elements and configured to

electrically mate with the respective one or more bases.

7. The machining systcm of claim 1, wherein the one or more bases
comprise one or more first connection elements configured to electrically connect to
the respective one or morc powcr sources and in fluid communication with the
respective one or more machining solution sources, and wherein the one or more arms
comprise one or more supporting clements disposed on the respective one or more
tool holding elements and one or more second connection elements disposed on the
respective one or more supporting elements and configured to mate with the
respective one or more first connection elements for electrical connection and fluid

connection.

8. The machining system of claim 7, further comprising one or more
distribution elements disposed around the respective one or more electrodes and

defining one or more passageways in fluid communication with the respective one or

21



CA 2787630 2017-03-10

238851

more second connection elements for the one or more machining solutions passing
between the one or more electrodes and the workpiece from the periphery of the

respective one or more electrodes via the one or more passageways.
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