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COMBINED PROCESSING HEAD CAPABLE OF EMITTING LASER AND LIQUID JET
TO PRODUCE ABRASIVE FLOW AND WORKING METHOD THEREOF

BACKGROUND

Technical Field

The present invention relates to the technical field of laser processing devices, and
specifically, to a combined processing head capable of emitting a laser and a liquid jet to
produce an abrasive flow and a working method.

Related Art

Laser processing is non-contact processing, which requires no tool, features high
processing speed and small surface deformation, and is suitable for processing various
materials. It is found that most of existing laser processes is based on a single technique, that
is, melting and vaporizing the material only by using high temperature of the laser, which
inevitably leads to the formation a recast layer, undoubtedly lowering the precision of the laser
processing. An existing laser processing head can only be used for laser processing, and cannot

implement combined processing. As a result, the laser processing industry is still at a low level.

SUMMARY

The present invention aims to overcome disadvantages in the prior art, and provides a
combined processing head capable of emitting a laser and a liquid jet to produce an abrasive
flow, which can effectively remove a recast layer formed during laser processing, improve the
precision of the laser processing, and reduce the surface roughness of a workpiece.

To achieve the above objective, the following technical solutions are used in the present
invention:

A combined processing head capable of emitting a laser and a liquid jet to produce an
abrasive flow includes:

a jetting mechanism including a connection portion, where the connection portion is
provided with a passage in communication with a nozzle and inner space of a lens cylinder,
one end of the connection portion is connected to the lens cylinder, the other end of the
connection portion is connected to the nozzle and extends into the nozzle, the part of the
connection portion extending into the nozzle is provided with a flange in close contact with a
side wall of the nozzle, the part of the connection portion extending into the nozzle and the side
wall of the nozzle form an annular cavity, the flange is provided with a plurality of through

holes, the through holes are in communication with the annular cavity and inner space of the
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nozzle, a liquid injection port configured to inject a saturated salt solution at a set pressure into
the annular cavity is provided at a position on the side wall of the nozzle at which position the
annular cavity is located, and after the annular cavity is filled with the saturated salt solution,
the saturated salt solution flows through the through holes and is ejected from the nozzle,
preventing the solution from forming turbulence to affect irradiation and propagation of a laser
beam; and

a cooling mechanism including a cooling cylinder having openings at two ends, where
the cooling cylinder is provided therein with a cooling tube configured to cool the saturated
salt solution ejected from the nozzle and flowing through the cooling cylinder, so that fine
grains are precipitated from the saturated salt solution.

By disposing the nozzle and the cooling mechanism, the laser processing can be
performed while the saturated salt solution can be ejected. The fine grains are precipitated from
the saturated salt solution by using the cooling mechanism to form an abrasive flow to impact
and grind a workpiece surface, improving quality of the workpiece surface.

Further, one end of the lens cylinder is connected to the connection portion, the other
end of the lens cylinder is connected to an end cover, the end cover is provided with an interface,
and the interface is configured to connect to a laser transmission cable.

Further, a lens frame is mounted inside the lens cylinder, a collimating lens and a
focusing lens are mounted on the lens frame, and the collimating lens is mounted close to the
interface.

Further, the connection portion includes a first connecting section, a second connecting
section, and an extension section, the first connecting section is threadedly connected to a lens
cylinder, the second connecting section is threadedly connected to a nozzle, the extension
section extends into the nozzle, an outer diameter of the extension section is less than an inner
diameter of the side wall of the nozzle, and the extension section and the side wall of the nozzle
form the annular cavity.

Further, a contact surface between the flange and the nozzle is conical to ensure a
sealing effect of the flange and the nozzle.

Further, the flange is detachably connected to a hollow isolation pipe, and inner space
of the hollow isolation pipe is in communication with the passage to isolate the laser beam
from the liquid jet.

Further, the lens cylinder is fixedly connected to a first connecting plate, and the cooling

mechanism is connected to the first connecting plate by a second connecting plate.
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Further, the second connecting plate is provided with an adjustment slot, an adjustment
bolt passes through the adjustment slot, and the second connecting plate is fixedly connected
to the first connecting plate by the adjustment bolt.

Further, the cooling tube is a spiral structure fixed to an inner side surface of the cooling
cylinder.

The present invention further discloses a working method of the combined processing
head capable of emitting a laser and a liquid jet to produce an abrasive flow. A laser beam is
emitted out through the lens cylinder and the nozzle to laser process a workpiece, and a
saturated salt solution at a set pressure is caused to flow through the annular cavity and the
through holes and then to be ejected from the nozzle, and the cooling mechanism cools the
ejected solution jet so that fine grains are precipitated from the saturated salt solution to impact
and grind the workpiece.

The present invention has the following beneficial effects:

1. The combined processing head of the present invention can be connected to a laser
transmission cable, and can inject a saturated salt solution at a set pressure into the nozzle
through the liquid injection port, and therefore can emit a laser beam and eject a solution jet at
the same time. The combined processing head has a cooling mechanism that can cool the
saturated salt solution ejected from the nozzle, so that fine grains are precipitated from the
saturated salt solution. By using the fine grains to impact and grind the surface of the workpiece,
the recast layer on the surface of the workpiece can be effectively removed, thereby reducing
the surface roughness of the workpiece, and improving the processing quality of the workpiece.

2. For the combined processing head of the present invention, the injected saturated salt
solution first fills up the annular cavity, flows out through the through holes, and then is evenly
ejected from the nozzle, preventing the saturated salt solution from forming turbulence to affect
irradiation and propagation of a laser beam.

3. The combined processing head of the present invention has the hollow isolation pipe
to isolate the saturated salt solution from the laser beam, thereby further reducing the effect of
the saturated salt solution on the propagation of the laser beam.

4. For the combined processing head of the present invention, the flange is in contact
with the side wall of the nozzle through an inclined surface, so that when the nozzle and the
connection portion are screwed, sealing of the flange and the side wall of the nozzle can be
ensured, so that the saturated salt solution only flows out through the through holes.

5. The combined processing head of the present invention, by means of the adjustment

slot and the adjustment bolt, allows for the adjustment of relative positions of the cooling
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mechanism and the jetting mechanism, so that the liquid jet can be cooled at different positions,
and fine grains are precipitated from the jet liquid jet at different positions, thus forming an

abrasive flow.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings constituting a part of this application are used for
providing further understanding for this application. Exemplary embodiments of this
application and descriptions thereof are used for explaining this application and do not
constitute a limitation to this application.

FIG. 1 is a schematic diagram of an overall structure according to Embodiment 1 of the
present invention;

FIG. 2 is a schematic diagram of an internal structure of a jetting mechanism according
to Embodiment 1 of the present invention;

FIG. 3 is a schematic structural diagram of an end cover according to Embodiment 1 of
the present invention;

FIG. 4 is a schematic structural diagram of a lens cylinder according to Embodiment 1
of the present invention;

FIG. 5 is a schematic structural diagram of a connection portion according to
Embodiment 1 of the present invention;

FIG. 6 is a schematic structural diagram of a nozzle according to Embodiment 1 of the
present invention;

FIG. 7 is a schematic structural diagram of a first connecting plate according to
Embodiment 1 of the present invention; and

FIG. 8 is a schematic structural diagram of a cooling mechanism according to
Embodiment 1 of the present invention.

1. Lens cylinder; 1-1. Fixing plate; 2. End cover; 3. Interface; 4. Lens frame; 5. Boss
structure; 6. Collimating lens; 7. Focusing lens; 8. Connection portion; 8-1. First connecting
section; 8-2. Second connecting section; 8-3. Extension section; 8-4. Flange; 8-5. Through hole;
9. Liquid injection port; 10. Nozzle; 11. Hollow isolation pipe; 12. Cooling cylinder; 13.
Cooling tube; 14. First connecting plate; 15. Second connecting plate; and 15-1. Adjustment

slot.

DETAILED DESCRIPTION
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It is to be noted that the following detailed descriptions are all exemplary and are
intended to provide a further understanding of this application. Unless otherwise specified, all
technical and scientific terms used herein have the same meaning as commonly understood by
those of ordinary skill in the art to which this application belongs.

It should be noted that terms used herein are only for describing specific
implementations and are not intended to limit exemplary implementations according to this
application. As used herein, the singular form is also intended to include the plural form unless
the context clearly dictates otherwise. In addition, it should be further understood that, terms
"comprise" and/or "include" used in this specification indicate that there are features, steps,
operations, devices, components, and/or combinations thereof.

For convenience of description, the words "above", "below", "left", and "right" only
indicate directions consistent with those of the accompanying drawings, are not intended to
limit the structure, and are used only for ease and brevity of illustration and description, rather
than indicating or implying that the mentioned device or element needs to have a particular
orientation or needs to be constructed and operated in a particular orientation. Therefore, such
terms should not be construed as a limitation on the present invention.

As introduced in the related art section, existing laser processing heads cannot
implement combined processing, and lead to the formation of a recast layer on the workpiece
surface during laser processing, which has high roughness. In view of the above problems, this
application provides a combined processing head capable of emitting a laser and a liquid jet to
produce an abrasive flow.

In a typical Embodiment 1 of this application, as shown in FIG. 1 to FIG. 8§, a combined
processing head capable of emitting a laser and a liquid jet to produce an abrasive flow includes
a jetting mechanism and a cooling mechanism. The jetting mechanism includes a lens cylinder,
a connection portion, and a nozzle.

A top end of the lens cylinder 1 is threadedly connected to an end cover 2. A central
part of the end cover is provided with an interface 3. The lens cylinder can be connected to a
laser transmission cable through the interface. A laser beam transmitted from the laser
transmission cable can enter the lens cylinder through the interface and then be emitted from
the nozzle.

A lens frame 4 is connected to and located inside the lens cylinder. An outer wall of the
lens frame is a hollow structure. A bottom end of the lens frame is placed on a boss structure 5

disposed on an inner surface of a bottom portion of the lens cylinder. A top end of the lens
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frame is fixedly connected to a collimating lens 6, and a bottom end of the lens frame is fixedly
connected to a focusing lens 7.

The connection portion 8 includes a first connecting section 8-1, a second connecting
section 8-2, and an extension section 8-3 integrally connected. The first connecting section has
an internal thread structure, which is threadedly connected to the lens cylinder through an
external thread structure of an end portion of the lens cylinder. An outer diameter of the second
connecting section is less than an outer diameter of the first connecting section. The second
connecting section is provided with an external thread structure, which is threadedly connected
to the nozzle 10 through an internal thread structure disposed at an end portion of the nozzle.
The extension section extends into the nozzle, and a bottom end of the extension section is
provided with a flange 8-4 in close contact with an inner side surface of a side wall of the
nozzle. An outer diameter of the extension section is less than an inner diameter of the nozzle
at the corresponding position. The extension section and the side wall of the nozzle form an
annular cavity. In this embodiment, the annular cavity may be circular, or may be in other
shapes. A liquid injection port 9 is provided at a position on the side wall of the nozzle at which
position the annular cavity is located. A saturated salt solution at a set pressure can be injected
into the annular cavity through the liquid injection port. The saturated salt solution may be
saturated sodium chloride solution, or may be other saturated salt solutions. The flange is
provided with a plurality of through holes 8-5 evenly distributed circumferentially. The
saturated salt solution in the annular cavity may flow out through the through holes and be
ejected from a jet port at a bottom portion of the nozzle.

The flange is an inverted cone structure, and a contact surface between the flange and
the inner side surface of the side wall of the nozzle is conical. In this way, when the connection
portion and the nozzle are threadedly connected together, the oblique contact surface can
ensure the sealing effect the greatest extent, so that the saturated salt solution can only flow out
through the through holes.

Because the second connecting section and the inner wall of the nozzle form the annular
cavity, the jet liquid jet transmitted from a single direction may first fill up the annular cavity,
flow out through the through holes evenly distributed circumferentially on the flange, and be
evenly ejected out through the nozzle, preventing the liquid jet from forming turbulence to
affect irradiation and propagation of a laser beam.

A central part of the flange is threadedly connected to a hollow isolation pipe 11, and

inner space of the hollow isolation pipe is in communication with a passage to isolate the
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solution jet from the laser beam, further reducing the effect of the solution jet on the
propagation of the laser beam.

The cooling mechanism is disposed below the jetting mechanism. The cooling
mechanism includes a cooling cylinder 12 having openings at two ends. A cooling tube 13 of
a spiral structure is fixed to an inner surface of the cooling cylinder. The cooling cylinder can
receive the saturated salt solution ejected from the jetting mechanism. A coolant may be fed
into the cooling tube, with an upper end of the cooling tube being a coolant outlet and a lower
end of the cooling tube being a coolant inlet. The cooling tube is configured to cool the
saturated salt solution entering the cooling cylinder, so that fine grains are precipitated from
the saturated salt solution to form an abrasive flow.

Fixing plates 1-1 symmetrically distributed are fixed to an outer side surface of a wall
of the lens cylinder, and the fixing plate is provided with a threaded hole. The lens cylinder is
fixedly connected to a first connecting plate 14 through the threaded hole on the fixing plate
and a fixing bolt. The first connecting plate is an L-shaped structure and is configured to
connect the lens cylinder, the nozzle, and the connection portion with other devices.

The cooling cylinder is connected to a second connecting plate 15 through bolts, the
second connecting plate is provided with an adjustment slot 15-1, an adjustment bolt passes
through the adjustment slot, and the second connecting plate is connected to the first connecting
plate by the adjustment bolt. Through the adjustment slot and the adjustment bolt, adjustment
of relative positions of the nozzle and the cooling mechanism can be implemented, and cooling
of the jet liquid jet at different positions can further be implemented, so that the fine grains are

precipitated from the jet liquid jet at different positions to form the abrasive flow.

Embodiment 2

This embodiment discloses a working method of the combined processing head capable
of emitting a laser and a liquid jet to produce an abrasive flow. A saturated salt solution
(saturated sodium chloride solution) at a set pressure is injected into the nozzle through the
liquid injection port. The lens cylinder is connected to a laser transmission cable through the
interface. A laser beam transmitted from the laser transmission cable enters the lens cylinder
through the interface, enters the passage through the collimating lens and the focusing lens,
and then is emitted out through the jet port at the bottom portion of the nozzle after passing
through the inner cavity of the hollow isolation pipe, to laser process a workpiece. At the same
time, the saturated salt solution at the set pressure is injected into the annular cavity through

the liquid injection port. After filling up the annular cavity, the saturated salt solution flows out
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through the through holes. The saturated salt solution at the set pressure is ejected out through
the nozzle. After the solution jet flows through the cooling cylinder, the cooling tube cools the
solution jet, so that fine grains are precipitated from the saturated salt solution. The fine grains
are ejected together with the saturated salt solution to grind and impact the surface of the
workpiece to remove a recast layer on the workpiece formed during laser processing, thereby
reducing surface roughness of the workpiece, and improving the processing quality of the
workpiece.

The specific implementations of the present invention are described above with
reference to the accompanying drawings, but are not intended to limit the protection scope of
the present invention. Those skilled in the art should understand that various modifications or
deformations may be made without creative efforts based on the technical solutions of the
present invention, and such modifications or deformations shall fall within the protection scope

of the present invention.



10

15

20

25

30

Attorney Docket
#14129SG

CLAIMS

What is claimed is:

1. A combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow, comprising:

a jetting mechanism comprising a connection portion, wherein the connection portion
is provided with a passage in communication with a nozzle and inner space of a lens cylinder,
one end of the connection portion is connected to the lens cylinder, the other end of the
connection portion is connected to the nozzle and extends into the nozzle, the part of the
connection portion extending into the nozzle is provided with a flange in close contact with a
side wall of the nozzle, the part of the connection portion extending into the nozzle and the side
wall of the nozzle form an annular cavity, the flange is provided with a plurality of through
holes, the through holes are in communication with the annular cavity and inner space of the
nozzle, a liquid injection port configured to inject a saturated salt solution at a set pressure into
the annular cavity is provided at a position on the side wall of the nozzle at which position the
annular cavity is located, and after the annular cavity is filled with the saturated salt solution,
the saturated salt solution flows through the through holes and is ejected from the nozzle,
preventing the solution from forming turbulence to affect irradiation and propagation of a laser
beam; and

a cooling mechanism comprising a cooling cylinder having openings at two ends,
wherein the cooling cylinder is provided therein with a cooling tube configured to cool the
saturated salt solution ejected from the nozzle and flowing through the cooling cylinder, so that

fine grains are precipitated from the saturated salt solution.

2. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 1, wherein one end of the lens cylinder is connected to the
connection portion, the other end of the lens cylinder is connected to an end cover, the end
cover is provided with an interface, and the interface is configured to connect to a laser

transmission cable.

3. The combined processing head capable of emitting a laser and a liquid jet to produce

an abrasive flow according to claim 2, wherein a lens frame is mounted inside the lens cylinder,
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a collimating lens and a focusing lens are mounted on the lens frame, and the collimating lens

1s mounted close to the interface.

4. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 1, wherein the connection portion comprises a first
connecting section, a second connecting section, and an extension section, the first connecting
section is threadedly connected to the lens cylinder, the second connecting section is threadedly
connected to the nozzle, the extension section extends into the nozzle, an outer diameter of the
extension section is less than an inner diameter of the side wall of the nozzle, and the extension

section and the side wall of the nozzle form the annular cavity.

5. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 1, wherein a contact surface between the flange and the

nozzle is conical.

6. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 1, wherein the flange is detachably connected to a hollow
isolation pipe, and inner space of the hollow isolation pipe is in communication with the

passage.

7. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 1, wherein the lens cylinder is fixedly connected to a first
connecting plate, and the cooling mechanism is connected to the first connecting plate by a

second connecting plate.

8. The combined processing head capable of emitting a laser and a liquid jet to produce
an abrasive flow according to claim 7, wherein the second connecting plate is provided with
an adjustment slot, an adjustment bolt passes through the adjustment slot, and the second

connecting plate is fixedly connected to the first connecting plate by the adjustment bolt.
9. The combined processing head capable of emitting a laser and a liquid jet to produce

an abrasive flow according to claim 1, wherein the cooling tube is a spiral structure fixed to an

inner side surface of the cooling cylinder.
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10. A working method of the combined processing head capable of emitting a laser and
a liquid jet to produce an abrasive flow according to any one of claims 1 to 9, wherein a laser
beam is emitted out through the lens cylinder and the nozzle to laser process a workpiece, and
a saturated salt solution at a set pressure is caused to flow through the annular cavity and the
through holes and then to be ejected from the nozzle, and the cooling mechanism cools the
ejected solution jet so that fine grains precipitate from the saturated salt solution to impact and

grind the workpiece.
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