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(54) MACHINING METHOD AND MACHINING DEVICE HAVING HIGH EFFICIENCY AND LOW

DAMAGE

(567) Disclosed are a machining method and a ma-
chining device improving machining efficiency and pre-
serving workpiece surface integrity. The machining
method improving machining efficiency and preserving
workpiece surface integrity includes: setting a workpiece
(300) and a machining unit (400); and machining the
workpiece (300) by the machining unit (400) at a preset
machining speed, wherein the preset machining speed
is not lower than a machining speed corresponding to
the embrittlement of the workpiece material. The machin-
ing device improving machining efficiency and preserv-
ing workpiece surface integrity is used for executing the
machining method having the same merits. The machin-
ing device includes: a base (100) used for mounting the
workpiece (300) and the machining unit (400), and a driv-
ing unit (200) connected to the machining unit (400) and
used for driving the machining unit (400) to the preset
machining speed. By the machining method, the machin-
ing speed of the machining unit (400) is set during ma-
chining, which results in "skin effect" of subsurface dam-
age caused by the embrittlement of the workpiece ma-
terial (300) and enables the damage depth of the work-
piece (300) to be confined in a shallow subsurface layer,
so that the damage depth of the workpiece (300) is re-

duced, the workpiece integrity is preserved, and the ma-
chining quality and the machining efficiency are im-
proved.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of material machining, and in particular, to a machin-
ing method and a machining device improving machining
efficiency and preserving workpiece surface integrity.

BACKGROUND

[0002] Materials, such as ductile materials, hard and
brittle materials, and composite materials, have good me-
chanical and physical properties, and are widely used in
the fields of aerospace, defense, semiconductors, auto-
mobiles, cutting tools, and the like. The abovementioned
materials are difficult to machine, and have the defects
of low machining efficiency, low precision, and poor sur-
face quality during machining.

SUMMARY

[0003] The present disclosure aims to solve at least
one of the technical problems in the prior art. In view of
this, the presentdisclosure provides a machining method
that can have a high efficiency and simultaneously pre-
serve surface integrity of a workpiece during machining.
[0004] The present disclosure further provides a ma-
chining device for executing the machining method that
can have a high efficiency and simultaneously preserve
surface integrity of a workpiece.

[0005] Inafirstaspect, one embodiment of the present
disclosure provides a machining method improving ma-
chining efficiency and preserving workpiece surface in-
tegrity, which includes:

setting a workpiece and a machining unit; and
machining the workpiece by the machining unit at a
preset machining speed, where the preset machin-
ing speed is not lower than the machining speed cor-
responding to the embrittlement of the workpiece.

[0006] The machining methodimproving machining ef-
ficiency and preserving workpiece surface integrity in the
embodiment of the present disclosure at least has the
following beneficial effects.

[0007] In the embodiment of the present disclosure,
the workpiece is machined by the machining unit at the
preset machining speed, which results in the embrittle-
ment of the workpiece material, causes the "skin effect"
of subsurface damage, and enables the damage depth
of the workpiece to be in a shallow subsurface layer. As
a result, the damage depth of the workpiece is reduced,
the workpiece surface integrity is preserved, and the ma-
chining quality and the machining efficiency are im-
proved.

[0008] According to the machining method improving
machining efficiency and preserving workpiece surface
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integrity of some other embodiments of the present dis-
closure, the preset machining speed is that correspond-
ing to the embrittlement of a material or the ductile matrix
component in a composite material, or is not less than
150 m/s.

[0009] According to the machining method improving
machining efficiency and preserving workpiece surface
integrity of some other embodiments of the present dis-
closure, the workpiece is machined in one or more forms
of grinding, turning, and milling.

[0010] According to the machining method improving
machining efficiency and workpiece surface integrity of
some other embodiments of the present disclosure, the
workpiece is machined repeatedly for a plurality of times,
and the machining depth of the machining unitis different
each time.

[0011] According to the machining method improving
machining efficiency and workpiece surface integrity of
some other embodiments of the present disclosure, the
workpiece is machined repeatedly for a plurality of times,
and the machining depth of the machining unit is gradu-
ally reduced time by time.

[0012] According to the machining method improving
machining efficiency and workpiece surface integrity of
some other embodiments of the present disclosure, the
workpiece is machined repeatedly for a plurality of times,
and the particle size of the machining unit is gradually
reduced step by step.

[0013] According to the machining method improving
machining efficiency and workpiece surface integrity of
some other embodiments of the present disclosure, ul-
trasonic vibration is performed while machining the work-
piece.

[0014] In a second aspect, one embodiment of the
present disclosure provides a machining device improv-
ing machining efficiency and preserving workpiece sur-
face integrity, which is used for executing the machining
method having the same merits. The machining device
includes:

a base, used for mounting the workpiece and the
machining unit; and

a driving unit, connected to the machining unit and
used for driving the machining unit to the preset ma-
chining speed.

[0015] The machining device improving machining ef-
ficiency and preserving workpiece surface integrity in the
embodiment of the present disclosure at least has the
following beneficial effects.

[0016] In the embodiment of the present disclosure,
the machining speed of the machining unit is increased
through power driving of the driving unit to the machining
unit, so that the damage depth of the workpiece is con-
fined in a shallow subsurface layer, and the damage
depth of a machined workpiece subsurface is reduced,
thereby improving the machining quality of the work-
piece.
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[0017] According to the machining device improving
machining efficiency and workpiece surface integrity of
some other embodiments of the present disclosure, the
machining device further includes an ultrasonic unit. The
ultrasonic unit is connected to the machining unit, so that
the machining unit performs ultrasonic vibration.

[0018] According to the machining device improving
machining efficiency and preserving workpiece surface
integrity of some other embodiments of the present dis-
closure, the machining device further includes a detec-
tion element used for detecting the machining speed of
the machining unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1is a schematic flowchart of a material machin-
ing method in the embodiments of the present dis-
closure;

FIG. 2illustrates fitting curves of material strain-rates
and material brittleness changes;

FIG. 3illustrates fitting curves of material strain-rates
and material damage depths; and

FIG. 4 is a structural schematic diagram of a material
machining device in the embodiments of the present
disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] The conception and the achieved technical ef-
fects of the present disclosure will be described below
clearly and completely in combination with the embodi-
ments, so as to fully understand the purposes, the fea-
tures, and the effects of the present disclosure. Appar-
ently, the described embodiments are merely part rather
than all of the embodiments of the present disclosure.
Based on the embodiments of the present disclosure, all
other embodiments obtained by those skilled in the art
without creative work belong to the scope of protection
of the present disclosure.

[0021] In the description of the present disclosure, if
orientation description is involved, for example, orienta-
tions or positional relationships indicated by "upper”,
"lower", "front", "rear", "left ", "right", etc. are orientations
or positional relationships shown based on the accom-
panying drawings, they are merely used for the conven-
ience of describing the presentdisclosure and simplifying
the description, rather than indicating or implying that the
devices or elements must have particular orientations,
and constructed and operated in particular orientations.
Thus, it cannot be construed as a limitation to the present
disclosure.

[0022] In the description of the embodiments of the
present disclosure, if a certain feature is called "ar-
ranged", "fixed", "connected", or "mounted" on another
feature, it can be directly arranged, fixed, or connected
to another feature, or can also be indirectly arranged,
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fixed, connected, or mounted on another feature. In the
description of the present disclosure, if "a plurality of" is
involved, it means more than one; if "multiple" is involved,
it means more than two; if "greater than", "less than", and
"more than" are involved, it should be construed as ex-
cluding the number; and if "above", "below", and "within"
are involved, it should be construed as including the
number. If "first" and "second" are involved, it should be
construed as distinguishing technical features, but can-
not be construed as indicating or implying relative impor-
tance orimplicitly indicating the number of indicated tech-
nical features or implicitly indicating the precedence re-
lationship of the indicated technical features.

[0023] Referring to FIG. 1, the embodiments of the
present disclosure provide a machining method improv-
ing machining efficiency and preserving workpiece sur-
face integrity, which includes the following machining
steps:

first, a workpiece to be machined and a machining
unit used for machining the workpiece are set; and
then, the workpiece is machined by the machining
unit at a preset machining speed, where the preset
machining speed is not lower than the machining
speed corresponding to the material embrittlement
of the workpiece.

[0024] It should be noted that, during high-speed ma-
chining of a material, internal defects of the material are
activated under an impact load, which results in the nu-
cleation, propagation, and intersection of micro-cracks,
and produces more cracks in a surface layer of the ma-
terial, thereby resulting in the embrittlement of the mate-
rial. The material resistance at the tip of a produced crack
of the material will increase with the increase of a strain-
rate, which hinders the propagation of the crack and re-
duces the damage depth, thereby resulting in the "skin
effect" of subsurface damage caused by the embrittle-
ment of the material. FIG. 2 lists fitting curves between
the damage depths of several materials and the brittle-
ness change of the materials. The horizontal coordinate
axis is the brittleness change of the materials, and the
longitudinal coordinate axis is the damage depths of the
materials. It can be seen that the material brittleness in-
creases along with the increase of the machining speed
or the strain-rate, and the subsurface damage introduced
by machining is only distributed in a shallow subsurface
layer of the workpiece, so as to reduce the damage depth
of the material during machining and improve the ma-
chining efficiency.

[0025] In addition, by fitting relation curves between
the subsurface damage depths and the strain-rates of
the materials, referring to FIG. 3, the horizontal coordi-
nate axis represents the strain-rate of the material, and
the longitudinal coordinate axis represents the subsur-
face damage depth of the material. In mathematical ex-
pression, the relationship between the subsurface dam-
age depth and strain-rate of the material is:
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[0026] The relationship between the machining speed
of the material and the strain-rate of the material is:

de
—=kv (2
dr )

where, ¢ represents the damage depth, k; and k, are
dimensionless parameters, ds/ dtis the strain-rate of the
workpiece material, and v is the machining speed of the
workpiece.

[0027] It can be seen from Formula (2) that the strain-
rate of the material is in direct proportion to the machining
speed, and the strain-rate of the workpiece material is
increased due to the increase of the speed of the ma-
chining unit. ks is related to the size of the material and
the machining depth, and can be calculated by deriving
a formula.

[0028] It can be seen from Formula (1) that the sub-
surface damage depth of the material is in direct propor-
tion to a negative exponent of the strain-rate, that is, the
subsurface damage depth of the workpiece decreases
with the increase of the machining speed and gradually
trends to the surface layer, so that the "skin effect" of
subsurface damage of the workpiece is achieved. By in-
creasing the machining speed, the subsurface damage
of the workpiece can be reduced, the machining efficien-
cy of the workpiece can be improved, and the machining
quality can be ensured.

[0029] The damage "skin effect" is an inherent char-
acteristic of an engineering material, that is, in a high
strain-rate loading process of a workpiece, the damages
(such as crack, dislocation, and phase change) and the
like of the material are concentrated in a local loading
regime without extensive propagation, so that the sub-
surface damage depth decreases with the increase of
the machining speed or the strain-rate. In the present
disclosure, the workpiece is machined at the preset ma-
chining speed, so as to reduce the subsurface damage
depth. The preset machining speed is the machining
speed corresponding to the embrittlement of the work-
piece material. For a ductile material, the preset machin-
ing speed refers to the machining speed corresponding
to the embrittlement thereof. For a hard and brittle ma-
terial, the preset machining speed refers to the conven-
tional high speed machining speed (the machining speed
is over 150 m/s). For a composite material, the preset
machining speed refers to the machining speed corre-
sponding to the embrittlement of the ductile matrix com-
ponent in the material.

[0030] The "skin effect" of the material damage exists
in the machining of the hard and brittle material, the duc-
tile material, the composite material, and the like. It
should be noted that the present disclosure aims at the
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workpiece materials, including the hard and brittle mate-
rial, the ductile material, the composite material, and the
like. During the machining of hard and brittle materials,
with the increase of the machining speed, the brittleness
increases, the machining chips become smaller, the sub-
surface damage depth decreases. For the ductile mate-
rial, the plastic deformation of the material is inhibited by
machining at a high speed, the material is removed in a
brittle fracture form, the temperature of a machining re-
gime is suppressed, and the thickness of a metamorphic
layer in the workpiece subsurface is reduced. During ma-
chining at a high speed, the material is in a high-strain-
rate state. The embrittlement of the ductile material or
the brittleness of the hard and brittle material can be im-
proved due to the strain-rate hardening effect during the
machining, so that the subsurface damage depth is re-
duced by the "skin effect" of the workpiece subsurface
damage.

[0031] The machining speed corresponding to the em-
brittlement of a ductile material or the ductile matrix com-
ponent in a composite material may be judged by ob-
serving the shapes of machining chips, the morphology
of the chips, the workpiece surface hardening degree,
the workpiece surface quality, and the like at different
machining speeds (machining strain-rates), soas toiden-
tify that the material is in a plastic fracture state or a brittle
fracture state. For example, during the machining of the
ductile material, with the increase of the machining
speed, the machining chips change from continuous to
discontinuous, reflecting the characteristics of brittle frac-
ture. At this moment, the workpiece material within the
machining zone is embrittled, so that the machining state
of the workpiece is characterized by the shapes of the
chips.

[0032] Ina general low-speed machining situation, the
chip of a ductile material is typically continuous, while the
chip of a brittle material is in a fragmented shape. With
gradual increase of the machining speed, the ductile ma-
terial will be embrittled, and the chips thereof are changed
from continuous bands into a serrated or a fragmented
shape. Taking 7050-T7451 aluminum alloy as an exam-
ple, the aluminum alloy is a typical ductile material. When
the aluminum alloy is machined at the cutting speed of
1,257 m/min, the chips are in an obvious serrated shape.
At this moment, the aluminum alloy is embrittled.
[0033] The embrittlement of the workpiece material is
related to the factors, such as the machining temperature
of the workpiece, the machining load applied by the ma-
chining unit, the machining depth, the machining speed,
the workpiece material, and the like. The machining
speed corresponding to the embrittlement of the work-
piece material may be experimentally obtained by fixing
other parameters and adjusting the machining speed of
the machining unit.

[0034] The machining unit and/or the workpiece may
also be positioned before the workpiece is machined, so
that the machining unit performs machining at a preset
machining depth and a corresponding machining posi-
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tion of the workpiece, so as to ensure the machining ac-
curacy. The machining mode of the abovementioned ma-
chining unit on the workpiece may be selected according
to a specific machining process of the workpiece, such
as grinding, turning, and milling. The type of the machin-
ing unit may also be selected according to a specific ma-
chining process of the workpiece, such as a grinding
wheel, a turning tool, a milling tool. The machining speed
of the machining unit may refer to the moving speed and
the feeding speed of the machining unit relative to the
workpiece, the rotating speed of the machining unit, and
the like.

[0035] The machining mode of the workpiece by the
machining unit may adopt a mode that the machining unit
moves or rotates or moves and rotates relative to the
workpiece. For example, the machining unit is set as the
milling tool, the milling tool moves relative to the work-
piece according to a predetermined trajectory, so as to
realize the milling of the workpiece; or the machining unit
is set as the turning tool, the turning tool feeds gradually
relative to the workpiece, so as to realize the turning of
the workpiece; or the machining unit is set as the grinding
wheel which applies a continuous grinding force to the
workpiece while rotating and moving relative to the work-
piece, so as to realize the material removal of the work-
piece. The application range of the machining method
provided by the embodiments of the present disclosure
is wide, and a corresponding machining mode may be
selected to machine the workpiece according to different
machining requirements.

[0036] The machining depth of the workpiece has an
upper limit. When the machining depth of the workpiece
is great, if a preset machining depth is reached by only
performing single machining, the damage degree of the
workpiece is serious, and the machined workpiece is also
easily damaged. In order to meet the process require-
ments of the machining depth and the machining quality
at the same time, the workpiece needs to be machined
circularly for a plurality of times and gradually feeds to a
preset thickness.

[0037] Specifically, a single machining depth is set to
machine the workpiece time by time until the preset ma-
chining depth is reached according to the machining
depth requirement of the workpiece. The single machin-
ing refers to that the machining unit completes the ma-
chining of the whole surface to be machined of the work-
piece on the premise of the preset machining depth of
this time. According to the characters of the material and
specific machining requirements, different machining
depths may be set for the machining unit each time, so
that the machining depth adapts to the machining situa-
tion of the workpiece of this time, and the workpiece ma-
chining flexibility is improved. Following the principle of
rough machining before finish machining, a great ma-
chining depth may be set first, and the machining depth
may be reduced step by step with the increase of ma-
chining times, so as to reduce the workpiece damage
depth and improve the quality of the workpiece surface
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on the premise of ensuring that the workpiece has suffi-
cient machining depth. In addition, different machining
depths may be executed by selecting different machining
workpieces, for example, the workpiece is ground after
being cut by a certain thickness by using a cutting tool,
which takes both the machining efficiency and the ma-
chining quality into consideration.

[0038] In actual production, machining units with dif-
ferent particle sizes and hardness may be selected to
machine the workpiece according to the specific machin-
ing requirements of the workpiece. The particle size re-
fers to the size of the particles in the machining unit for
performing main machining on the workpiece. The small-
er the particle size of the machining unit, the smaller the
damage depth of the workpiece. The machining unit with
a larger particle size can realize the rough machining of
the workpiece, and can quickly eliminate the defects on
the workpiece surface or the damage caused in the pre-
vious process, so that the workpiece surface has certain
flatness. The machining unit with a smaller particle size
can realize the finish machining of the workpiece, ensure
the integrity and the flatness of the workpiece surface,
reduce subsequent machining processes, and shortens
the machining time. Inthe presentembodiment, the work-
piece is machined repeatedly for a plurality of times, and
the particle size of the machining unit is reduced step by
step, so as to ensure the machining efficiency of the work-
piece and the surface quality of the workpiece.

[0039] Inordertofurther optimize the machining quality
of the workpiece, the machining unit with the smaller par-
ticle size can be selected, so as to improve the machining
speed of the machining unit. The machining speed does
not exceed the machining speed corresponding to the
embrittlement of the workpiece material, and a single ma-
chining depth is reduced, so as to realize high-efficiency
and low-damage machining and improve the surface
quality of the workpiece.

[0040] In another embodiment, during the machining
of workpieces, an ultrasonic vibration unitis added, which
can reduce the grinding force, improve the stability of a
machining system, reduce a friction force between a cut-
ting tool and the workpiece, reduce the generation of
grinding heat, reduce or avoid a problem of burning of
the workpiece surface, can also reduce the roughness
of the workpiece surface, and improve the machining
quality of the workpiece surface.

[0041] Referring to FIG. 4, the embodiments of the
present disclosure further provide a machining device
improving machining efficiency and preserving work-
piece surface integrity. The machining device is used for
executing the abovementioned material machining meth-
od. The material machining device includes a base 100
and a driving unit 200. The base 100 is used for mounting
aworkpiece 300 and a machining unit400. The base 100
provides an operation platform for the movement of the
machining unit 400 and the machining of the workpiece
300. The driving unit 200 is connected to the machining
unit 400 and provides power support for the machining
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unit 400, so that the machining unit 400 machines the
workpiece 300 at a preset machining speed.

[0042] The machining speed of the machining unit 400
is increased through power driving of the driving unit 200
to the machining unit 400, so that the damage depth of
the workpiece 300 is confined in a surface layer, and
high-efficiency and low-damage machining is realized.
By limiting the machining speed of the machining unit
400, the workpiece 300 is prevented from brittle fracture,
and the surface integrity of the workpiece 300 is affected.
[0043] The machining unit400 may move and/or rotate
relative to the workpiece 300. The driving unit 200 may
be one or a combination of more of an electric machine,
amotor, a cylinder, and the like, so as torealize the move-
ment and/or rotation of the machining unit 400 relative
to the workpiece 300. The type of the machining unit 400
may be selected according to actual use requirements,
such as a grinding wheel, a turning tool, and a milling tool.
[0044] A fixture for clamping or fixing the workpiece
300 may be arranged on the base 100, so that the work-
piece 300 is keptin a static state during machining, there-
by improving the machining precision. The fixture may
be a platform for providing a placement plane for the
workpiece 300, or afixture capable of adsorbing the work-
piece 300, or a manipulator capable of clamping the work-
piece 300, or the like. A plurality of workpieces 300 may
be arranged on the fixture at one time, so that the ma-
chining unit 400 can machine the plurality of workpieces
300 at one time, thereby improving the machining effi-
ciency of the machining device.

[0045] Afirstmoving module 110 may also be mounted
on the base 100. A clamp is mounted on the first moving
module 110, and is driven to move through the first mov-
ingmodule 110, so as to facilitate the positioning between
the machining unit 400 and the workpiece 300. Thus, the
machining unit 400 may machine different areas of the
workpiece 300. The first moving module 110 may be pro-
vided with not less than two groups of moving compo-
nents. The extension directions of moving guide rails in
different moving components are different, so that the
position of the workpiece 300 can be adjusted in different
directions.

[0046] A second moving module 120 may also be ar-
ranged on the base 100. The second moving module 120
may drive the machining unit 400 to move in the vertical
direction, so that the machining unit 400 feeds close to
the workpiece 300, or moves away from the workpiece
300 to avoid for the movement of the workpiece 300. The
machining depth of the workpiece 300 by the machining
unit 400 can be adjusted by moving the machining unit
400 in the vertical direction, so that the machining device
adapts to different machining requirements. The second
moving module 120 may also include a plurality of groups
of moving components. The machining unit 400 is mount-
ed on the moving components, and the position of the
machining unit may be adjusted in a horizontal plane un-
derthe driving of the moving components, so as torealize
the movement of the machining unit 400 relative to the
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workpiece 300, thereby enabling the machining unit 400
to machine different areas of the workpiece 300.

[0047] On the premise of meeting the moving require-
ment of the machining unit 400 and the workpiece 300,
the abovementioned firstmoving module 110 and second
moving module 120 may select the existing automatic or
manual moving modules.

[0048] In another embodiment, an ultrasonic unit 130
is also arranged on the driving unit 200. The machining
unit 400 forms ultrasonic vibration under the influence of
the ultrasonic unit 130. The ultrasonic vibration assists
in machining the workpiece 300 by the machining unit
400, which can effectively reduce or avoid the problem
of surface burning of the workpiece 300, and improve the
surface machining quality of the workpiece 300.

[0049] A detection elementfor detecting machining pa-
rameters of the machining unit 400 may also be arranged
on the base 100, for example, a displacement sensor is
arranged for detecting the machining depth of the ma-
chining unit400, a pressure sensor is arranged for testing
an acting force of the machining unit 400 applied to the
workpiece 300, and a speed sensor is arranged for de-
tecting the machining speed of the machining unit 400,
so as to facilitate the acquisition of real-time machining
parameters of the machining unit 400, thereby ensuring
the machining precision of the workpiece 300.

[0050] The abovementioned machining device im-
proving machining efficiency and preserving workpiece
surface integrity may be applied to machining equipment,
such as a turning machine, a milling machine, and a
grinding machine, so as to enable the workpiece 300 to
adapt to different machining requirements, and improve
the machining quality of the workpiece 300 in different
machining environments.

[0051] The embodiments of the present disclosure are
described in detail in combination with the accompanying
drawings above, but the present disclosure is not limited
to the abovementioned embodiments. Within the scope
of knowledge possessed by those of ordinary skill in the
art, various changes can be made without departing from
the purpose of the present disclosure. In addition, the
embodiments of the present disclosure and the features
in the embodiments may be combined with each other
without conflict.

Claims

1. A machining method improving machining efficiency
and preserving workpiece surface integrity, compris-
ing:

setting a workpiece and a machining unit; and
machining the workpiece by the machining unit
ata preset machining speed, wherein the preset
machining speed s notlower than the machining
speed corresponding to the embrittlement of the
workpiece.
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The machining method improving machining effi-
ciency and preserving workpiece surface integrity
according to claim 1, wherein the preset machining
speed is the machining speed corresponding to the
embrittlement of a material or the ductile matrix com-
ponent in a composite material, or is not less than
150 m/s.

The machining method improving machining effi-
ciency and preserving workpiece surface integrity
according to claim 1, wherein the workpiece is ma-
chined in one or more forms of grinding, turning, and
milling.

The machining method improving machining effi-
ciency and workpiece surface integrity according to
any one of claims 1 to 3, wherein the workpiece is
machined repeatedly for a plurality of times, and the
machining depth of the machining unit is different
each time.

The machining method improving machining effi-
ciency and workpiece surface integrity according to
any one of claims 1 to 3, wherein the workpiece is
machined repeatedly for a plurality of times, and the
machining depth of the machining unit is gradually
reduced time by time.

The machining method improving machining effi-
ciency and workpiece surface integrity according to
any one of claims 1 to 3, wherein the workpiece is
machined repeatedly for a plurality of times, and the
particle size of the machining unit is gradually re-
duced step by step.

The machining method improving machining effi-
ciency and workpiece surface integrity according to
any one of claims 1 to 3, wherein ultrasonic vibration
is performed while machining the workpiece.

A machining device improving machining efficiency
and preserving workpiece surface integrity, used for
executing the machining method improving machin-
ing efficiency and workpiece surface integrity having
the same merits according to any one of claims 1 to
7, comprising:

a base, used for mounting the workpiece and
the machining unit; and

a driving unit, connected to the machining unit
and used for driving the machining unit to the
preset machining speed.

The machining device improving machining efficien-
cy and workpiece surface integrity according to claim
8, further comprising an ultrasonic unit, wherein the
ultrasonic unitis connected to the machining unit, so
that the machining unit performs ultrasonic vibration.
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10. The machining device improving machining efficien-

cy and preserving workpiece surface integrity ac-
cording to claim 8, further comprising a detection el-
ement used for detecting the machining speed of the
machining unit.



EP 4 155 024 A1

DRAWINGS

Set a workpiece and a machining
unit

The machining unit machines the
workpiece at a preset machining speed

FIG. 1

—

-S10



SSD depth 6. um

EP

4 155 024 A1

a,=0.91 pm

0.64 |

— Analytical
O Si,N, (experimental)
O Al O, (experimental)

® SiC (experimental)

raand
100

Brittleness B. x 10°/m*

FIG. 2

500



SSD depth 4, ym

EP 4 155 024 A1

108

1ol

10

e E 18100 020

10
103

1ot 10° 106 17
Stramn rate defdt, s

FIG. 3

10

108

10¢



EP 4 155 024 A1

Upper
120 Lower
™~
200 —|
B
130 |
400 |

FIG. 4

1"



10

15

20

25

30

35

40

45

50

55

EP 4 155 024 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2020/132300

A.

CLASSIFICATION OF SUBJECT MATTER

B24B 1/00(2006.01)i; B24B 1/04(2006.01)i; B24B 49/00(2012.01)i; B23C 3/00(2006.01)i; B23P 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B24B; B23C; B23P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

YENE, BB, A A MEAL, BB, I TR, WIHIEEE, 2R, IR,
¥, &, B, B, U1, ok, S, 3R, aluminium w alloy, brittl+, embrittl+, mill+, grind+, cut+, polish+, speed, velocity, crack,

EPODOC, WPL, CNPAT, CNKI: B HRIF K2, HE4,

fractur+, ultrasonic+, shak+, vibrat+, quak+

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 111618665 A (SOUTH UNIVERSITY OF SCIENCE AND TECHNOLOGY) 04 1-10

September 2020 (2020-09-04)

claims 1-10, description paragraphs 3-62, figures 1-4

X CN 104625571 A (HUNAN UNIVERSITY OF SCIENCE AND TECHNOLOGY) 20 May 1-3

2015 (2015-05-20)
description, paragraphs 21-31, figures 1-4

Y CN 104625571 A (HUNAN UNIVERSITY OF SCIENCE AND TECHNOLOGY) 20 May 4-10

2015 (2015-05-20)
description, paragraphs 21-31, figures 1-4

Y CN 105562792 A (SHAANXI GAOXIN INDUSTRY CO., LTD.) 11 May 2016 (2016-05-11) 4-6

description, paragraphs 8-10, figure 1

Y CN 102922014 A (SHENYANG AEROSPACE UNIVERSITY) 13 February 2013 7-10

(2013-02-13)
description, paragraphs 15 and 16, and figure 1

A CN 103163038 A (SHANDONG UNIVERSITY) 19 June 2013 (2013-06-19) 1-10

entire document

Further documents are listed in the continuation of Box C.

See patent family annex.

g ox s

&

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

e

wxr

oy

“g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

05 February 2021

Date of mailing of the international search report

26 February 2021

Name and mailing address of the ISA/CN

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

12




10

15

20

25

30

35

40

45

50

55

EP 4 155 024 A1

INTERNATIONAL SEARCH REPORT

International application No.

entire document

PCT/CN2020/132300
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 110355620 A (ZHEJIANG UNIVERSITY OF TECHNOLOGY) 22 October 2019 1-10
(2019-10-22)
entire document
A JP 6602148 B2 (MITSUBISHI ELECTRIC CORP.) 06 November 2019 (2019-11-06) 1-10
entire document
A JP 2013000845 A (MITSUBISHI JUKOGYO K. K.) 07 January 2013 (2013-01-07) 1-10

Form PCT/ISA/210 (second sheet) (January 2015)

13




10

15

20

25

30

35

40

45

50

55

INTERNATIONAL SEARCH REPORT
Information on patent family members

EP 4 155 024 A1

International application No.

PCT/CN2020/132300

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 111618665 A 04 September 2020 None
CN 104625571 A 20 May 2015 None
CN 105562792 A 11 May 2016 None
CN 102922014 A 13 February 2013 CN 102922014 B 01 July 2015
CN 103163038 A 19 June 2013 CN 103163038 B 26 November 2014
CN 110355620 A 22 October 2019 None
JP 6602148 B2 06 November 2019 JP 2017074650 A 20 April 2017
JP 2013000845 A 07 January 2013 None

Form PCT/ISA/210 (patent family annex) (January 2015)

14




	bibliography
	abstract
	description
	claims
	drawings
	search report

