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(57) A machining apparatus (100) is provided with:
high-pressure water piping (10) that is capable of sup-
plying high-pressure water (WH); abrasive grain piping
(20) that is capable of supplying abrasive grains (AB); a
spraying part (30) having a high-pressure water introduc-
tion part by which the high-pressure water (WH) is intro-
duced, an abrasive grain introduction part by which the
abrasive grains (AB) are introduced, a mixing part that

FIG. 1
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mixes the high-pressure water (WH) and the abrasive
grains (AB), and a nozzle that sprays the high-pressure
water (WH) with which the abrasive grains (AB) have
been mixed onto an object to be machined (OBJ); and a
detection part (40) that measures the pressure (PM) in-
side the abrasive grain piping (20) and detects when the
pressure (PM) is less than a lower-limit threshold value.
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Description
Technical Field

[0001] The present invention relates to a machining
apparatus and a machining method.

[0002] This application claims the priority of Japanese
Patent Application No. 2018-014975 filed in Japan on
January 31, 2018, the contents of which are incorporated
herein by reference.

Background Art

[0003] As one of machining apparatuses, there is an
apparatus which vigorously injects high-pressure water
mixed with an abrasive from a nozzle to cut or machine
an object.

[0004] For example, PTL 1 discloses a cutting device
using an abrasive water jet which mixes an abrasive into
ultrahigh-pressure jet water.

Citation List
Patent Literature

[0005] [PTL 1] Japanese Unexamined Utility Model
Registration Application Publication No. 02-19466

Summary of Invention
Technical Problem

[0006] In the cutting device disclosed in PTL 1, the
abrasive introduced from a supply portion is mixed with
the ultrahigh-pressure jet water inside the supply portion.
[0007] When the abrasive is abrasive grains, the abra-
sive grains may be clogged inside the supply portion.
When the abrasive grains are clogged inside the supply
portion, a supply amount of the abrasive grains decreas-
es, and machining ability decreases.

[0008] However, the cutting device disclosed in PTL 1
cannot detect clogging of the abrasive grains.

[0009] An object of the present invention is to provide
a machining apparatus and a machining method capable
of detecting the clogging of abrasive grains in consider-
ation of the above-described problems.

Solution to problem

[0010] According to a first aspect, there is provided a
machining apparatus including: a high-pressure water
pipe through which high-pressure water is supplied; an
abrasive grain pipe through which abrasive grains are
supplied; an injection unit which includes a high-pressure
water introduction portion into which the high-pressure
waterisintroduced, an abrasive grainintroduction portion
into which the abrasive grains are introduced, a mixing
portionin which the high-pressure water and the abrasive
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grains are mixed with each other, and a nozzle which
injects the high-pressure water having the mixed abra-
sive grains to an object to be machined; and a detection
unit which measures a pressure inside the abrasive grain
pipe and detects that the pressure is lower than a lower
threshold value.

[0011] According to this aspect, the machining appa-
ratus detects that the measured pressure is lower than
the lower threshold value. Accordingly, the machining
apparatus can detect that the abrasive grains are clogged
on at least a downstream side of a pressure measure-
ment location. Therefore, the machining apparatus can
detect the clogging of the abrasive grains.

[0012] Moreover, according to a second aspect, in the
machining apparatus according to the first aspect, the
detection unit further detects that the pressure is higher
than an upper threshold value.

[0013] Further, according to a third aspect, in the ma-
chining apparatus according to the first or second aspect,
the detection unit specifies that an abnormality is present
on an upstream side of a pressure measurement location
by the detection unitin a case where the pressure s lower
than the lower threshold value.

[0014] Inaddition, according to afourth aspect, the ma-
chining apparatus of according to any one of the first to
third aspects further includes a partition pipe which sep-
arates a first space extending in one direction from the
high-pressure water introduction portion to the nozzle
and a second space around the first space from each
other, inside the mixing portion and includes an opening
on an introduction straight line extending in an introduc-
tion direction of the abrasive grains from the abrasive
grain introduction portion; and

an exhaust portion which is provided at a position facing
the abrasive grain introduction portion across the first
space and exhausts air inside the second space.
[0015] Further, according to a fifth aspect, there is pro-
vided a machining apparatus including: a high-pressure
water pipe through which high-pressure water is sup-
plied; an abrasive grain pipe through which abrasive
grains are supplied; an injection unit which includes a
high-pressure water introduction portion into which the
high-pressure water is introduced, an abrasive grain in-
troduction portion into which the abrasive grains are in-
troduced, a mixing portion in which the high-pressure wa-
ter and the abrasive grains are mixed with each other,
and a nozzle which injects the high-pressure water hav-
ing the mixed abrasive grains to an object to be ma-
chined; and a partition pipe which separates a first space
extending in one direction from the high-pressure water
introduction portion to the nozzle and a second space
around the first space from each other, inside the mixing
portion and includes an opening on an introduction
straight line extending in an introduction direction of the
abrasive grains from the abrasive grain introduction por-
tion; and an exhaust portion which is provided at a posi-
tion facing the abrasive grain introduction portion across
the first space and exhausts air inside the second space.
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[0016] According to this aspect, in the machining ap-
paratus, the exhaust portion is provided at the position
facing the abrasive grain introduction portion across the
first space and exhausts the air inside the second space.
Therefore, the machining apparatus can keep a flow rate
of the abrasive grains in the injection unit large. Accord-
ingly, it is possible to suppress the clogging of the abra-
sive grains.

[0017] Moreover, according to a sixth aspect, there is
provided a machining method including: a step of meas-
uring a pressure inside an abrasive grain pipe of a ma-
chining apparatus including a high-pressure water pipe
through which high-pressure water is supplied, the abra-
sive grain pipe through which abrasive grains are sup-
plied, and a nozzle which is connected to the high-pres-
sure water pipe and the abrasive grain pipe and injects
the high-pressure water mixed with the abrasive grains
to an object to be machined; and a step of detecting that
the pressure is lower than a lower threshold value.
[0018] Accordingto this aspect, the machining method
detects that the measured pressure is lower than the low-
er threshold value. Accordingly, the machining method
can detect that the abrasive grains are clogged on at
least a downstream side of a pressure measurement lo-
cation. Therefore, the machining method can detect the
clogging of the abrasive grains.

Advantageous Effects of Invention

[0019] Accordingtoan aspect of the presentinvention,
it is possible to detect clogging of abrasive grains.

Brief Description of Drawings
[0020]

Fig. 1is an overall schematic diagram of a machining
apparatus according to a first embodiment.

Fig. 2 is a cross-sectional diagram of an injection
unit according to the first embodiment.

Fig. 3 is a diagram for explaining an operation of the
machining apparatus of the first embodiment.

Fig. 4 is a diagram for explaining an operation of a
detection unit according to the first embodiment.
Fig. 5 is a diagram for explaining an operation of a
modification example of the detection unit of the first
embodiment.

Fig. 6 is an overall schematic diagram of a machining
apparatus according to a second embodiment.

Fig. 7 is a cross-sectional diagram of an injection
unit according to the second embodiment.

Fig. 8 is a flowchart of a machining method in each
embodiment.

Description of Embodiments

[0021] Hereinafter, various embodiments according to
the present invention will be described with reference to
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the drawings.
<First Embodiment>

[0022] Hereinafter, a machining apparatus according
to a first embodiment of the present invention will be de-
scribed with reference to Figs. 1 to 5.

[0023] A machining apparatus 100 of the present em-
bodiment is a cutting apparatus using an abrasive water
jet and cuts an object to be machined OBJ.

(Constitution)

[0024] Asillustratedin Fig. 1, the machining apparatus
100 includes a high-pressure water pipe 10, an abrasive
grain pipe 20, an injection unit 30, a detection unit 40, a
high-pressure pump 50, and a hopper 60. The machining
apparatus 100 injects high-pressure mixed water MH
containing abrasive grains AB to the object to be ma-
chined OBJ.

[0025] The high-pressure water pipe 10 connects the
high-pressure pump 50 and the injection unit 30 to each
other.

[0026] The high-pressure pump 50 pressurizes water
into high-pressure water WH and supplies the high-pres-
sure water WH to the injection unit 30 via the high-pres-
sure water pipe 10.

[0027] Therefore, the high-pressure water WH can be
supplied to the injection unit 30 through the high-pressure
water pipe 10.

[0028] The abrasive grain pipe 20 connects a lower
portion of the hopper 60 and the injection unit 30 to each
other.

[0029] Aninside ofthe hopper60 is filled with the abra-
sive grains AB. The abrasive grains AB are supplied into
the hopper 60 from an opening on an upper portion of
the hopper 60 by another device or an operator.

[0030] In the abrasive grains AB in the hopper 60, the
abrasive grains AB located in a lower portion of the hop-
per 60 are pressurized by the gravity and extruded to the
abrasive grain pipe 20 connected to the lower portion of
the hopper 60. Thereby, the hopper 60 supplies the ex-
truded abrasive grains AB to the injection unit 30 via the
abrasive grain pipe 20.

[0031] Therefore, the abrasive grains AB can be sup-
plied to the injection unit 30 through the abrasive grain
pipe 20.

[0032] The abrasive grain pipe 20 has a main pipe 20A
and a branch pipe 20B. The main pipe 20A extends from
the hopper 60 toward the injection unit 30. The branch
pipe 20B branches off from the main pipe 20A in a middle
of the main pipe 20A.

[0033] The injection unit 30 mixes the supplied high-
pressure water WH with the abrasive grains AB inside
the injection unit 30 to inject the high-pressure mixed
water MH.

[0034] The detection unit 40 measures a pressure PM
inside the abrasive grain pipe 20 at a measurement lo-
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cation, detects that the pressure PM is lower than a lower
threshold value, and further detects that the pressure PM
is higher than the upper threshold value.

(Injection Unit)

[0035] As illustrated in Fig. 2, the injection unit 30 in-
cludes a high-pressure water introduction portion 31, an
abrasive grain introduction portion 32, an orifice 34, a
chamber 35 (mixing portion), and a nozzle 36.

[0036] The chamber 35 is a pressure vessel having a
substantially hollow cylindrical shape extending in an axis
AX direction with an axis AX as a cylindrical axis. The
chamber 35 is sealed except for various openings, and
a pressure inside the chamber 35 can be a low pressure
by closing the various openings.

[0037] Inthe chamber 35, the high-pressure water WH
introduced from the high-pressure water introduction por-
tion 31 and the abrasive grains AB introduced from the
abrasive grain introduction portion 32 are mixed with
each other in a space between the orifice 34 and a lower
surface of the chamber 35, and thus, become the high-
pressure mixed water MH.

[0038] The high-pressure waterintroduction portion 31
includes an opening which is provided on an upper sur-
face of the chamber 35 and has the axis AX as a center.
By connecting the high-pressure water pipe 10 to the
high-pressure water introduction portion 31, the high-
pressure water WH is introduced from the high-pressure
water introduction portion 31 into the injection unit 30.
[0039] The introduced high-pressure water WH is sup-
plied to the orifice 34 via the high-pressure water intro-
duction portion 31.

[0040] The abrasive grain introduction portion 32 is
provided in an opening on an upper portion of an outer
periphery of the chamber 35. By connecting the abrasive
grain pipe 20 to the abrasive grain introduction portion
32, the abrasive grains AB are introduced from the abra-
sive grain introduction portion 32 into the injection unit 30.
[0041] The orifice 34 has a through hole 34H which
extends from the high-pressure water introduction por-
tion 31 toward the nozzle 36 about the axis AX. A base
end of the orifice 34 is connected to the high-pressure
water introduction portion 31. A tip of the orifice 34 is
directed toward the nozzle 36. The through hole 34H on
a tip side of the orifice 34 faces the nozzle 36. The tip of
the orifice 34 and the nozzle 36 are separated from each
other across a space.

[0042] The through hole 34H is a hole which opens
from a base end side of the orifice 34 toward a tip side
of the orifice 34.

[0043] As an example, the through hole 34H may be
a hole of an inner diameter decreases from the base end
side of the orifice 34 toward the tip side of the orifice 34.
[0044] As another example, the through hole 34H may
be a small-diameter hole which opens to have a simply
fixed hole diameter from the base end side of the orifice
34 toward the tip side of the orifice 34.
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[0045] In any case, the orifice 34 is made of a hard
material such as diamond or ruby to suppress wear. As
a result, the orifice 34 injects the high-pressure water
introduced into the high-pressure water introduction por-
tion 31 toward the nozzle 36 from the tip side of the orifice
34.

[0046] The nozzle 36 protrudes downward from an
opening on the lower surface of the chamber 35.
[0047] The nozzle 36 extends toward a tip which pro-
trudes from a base end on a lower surface side of the
chamber 35. An upper end of the nozzle 36 is connected
to the opening on the lower surface of the chamber 35.
The nozzle 36 has a nozzle hole 36H which penetrates
from an upper end toward a lower end about the axis AX.
[0048] The nozzle 36 has a tubular shape in which the
nozzle hole 36H generally has a constant diameter from
a base end to a tip without changing an inner diameter
of the nozzle hole 36H. The nozzle hole 36H has a certain
length, and thus, has a function of rectifying the high-
pressure mixed water MH to make the high-pressure
mixed water to a narrowed flow which is not diffused.
Thereby, the nozzle 36 injects the narrowed high-pres-
sure mixed water MH toward the object to be machined
OBJ from the tip of the nozzle 36.

[0049] Here, the high-pressure water WH is injected
from the orifice 34 ata high pressure. Therefore, the high-
pressure mixed water MH is also injected from the nozzle
36 at a high pressure without a change in pressure.

(Detection Unit)

[0050] Returning to Fig. 1, the detection unit 40 in-
cludes a measurement unit 41 and a determination unit
42,

[0051] The measurement unit 41 measures the pres-
sure PM inside the abrasive grain pipe 20. In the present
embodiment, the measurement unit 41 is connected to
a branch end of the branch pipe 20B. For this reason,
the measurement unit 41 measures the pressure PM in-
side the branch pipe 20B at the branch end of the branch
pipe 20B which is a measurement location.

[0052] The measurement unit 41 provides the meas-
ured pressure PM to the determination unit 42.

[0053] The determination unit 42 detects that the ob-
tained pressure PM is small. Specifically, the determina-
tion unit 42 compares the obtained pressure PM with a
preset lower threshold value PL. Then, in a case where
the pressure PM is lower than the lower threshold value
PL, the determination unit 42 detects the intention.
[0054] The determination unit 42 detects that the ob-
tained pressure PM is large. Specifically, the determina-
tion unit 42 further compares the pressure PM with a
preset upper threshold value PH. Then, in a case where
the obtained pressure PMis higher than the upper thresh-
old value PH, the determination unit 42 detects the in-
tention.

[0055] As the lower threshold value PL and the upper
threshold value PH, a lower limit and an upper limit of
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the pressure PM when a desired machining ability is ob-
tained are set, respectively. The lower limit value and the
upper limit value of the pressure PM at which a desired
machining ability can be obtained are determined in ad-
vance by experience, results, experiments, or the like.
[0056] For example, the measurement unit 41 is a
Bourdon tube pressure gauge, and as illustrated in Fig.
3, sets a pressure at the time of the atmospheric pressure
to 0 kPa and measures a pressure difference from the
atmospheric pressure as the pressure. In the presentem-
bodiment, in the determination unit 42, -50 kPa is set as
the upper threshold value PH, and -70 kPa is set as the
lower threshold value PL.

[0057] In a case where the detection unit 40 detects
that the obtained pressure PM is lower than the lower
threshold value PL or in a case where the detection unit
40 detects that the obtained pressure PM is higher than
the upper threshold value PH, the detection unit 40 may
immediately output a command to stop a supply of the
high-pressure water to the high-pressure pump 50.
[0058] Moreover, in a case where the detection unit 40
detects that the pressure PM is lower than the lower
threshold value PL or in a case where the detection unit
40 detects that the obtained pressure PM is higher than
the upper threshold value PH, the detection unit 40 may
output a command to a high-pressure valve 37 which is
provided immediately before the high-pressure water in-
troduction portion 31 in the middle of the high-pressure
water pipe 10 and may control the high-pressure valve
so that the high-pressure valve is blocked immediately
after the detection.

(Operation)

[0059] The machining apparatus 100 supplies the
high-pressure water WH from the high-pressure water
pipe 10 and the abrasive grains AB from the abrasive
grain pipe 20 to the injection unit 30, respectively. The
high-pressure water WH and the abrasive grains AB in-
troduced into the injection unit 30 are mixed with each
other inside the chamber 35 and become the high-pres-
sure mixed water MH. The machining apparatus 100 in-
jects the mixed high-pressure mixed water MH toward
the object to be machined OBJ from the tip of the nozzle
36.

[0060] At this time, in a case where the detection unit
40 measures the pressure PM inside the abrasive grain
pipe 20 and detects that the pressure PM is lower than
the lower threshold value PL, the detection unit40 detects
the intention. Meanwhile, in a case where the pressure
PM is higher than the upper threshold value PH, the de-
tection unit 40 detects the intention.

(Action and Effect)
[0061] In the present embodiment, the detection unit

40 measures the pressure PM inside the abrasive grain
pipe 20.
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[0062] In this case, the hopper 60 supplies the extrud-
ed abrasive grains AB to the injection unit 30 via the abra-
sive grain pipe 20. Therefore, The pressure in the abra-
sive grain pipe 20 at least at the upstream end of the
abrasive grain pipe 20 is higher than the downstream
end connected to the injection part 30 due to pressure
loss in the pipe, but is lower than the atmospheric pres-
sure.

[0063] Meanwhile, the high-pressure water WH intro-
duced from the high-pressure water introduction portion
31 is injected from the orifice 34. Accordingly, a negative
pressure is formed immediately below the orifice 34 by
a Venturi effect, and the abrasive grains AB introduced
from the abrasive grain introduction portion 32 are
sucked. For this reason, a pressure inside the abrasive
grain pipe 20 in atleast a downstream end of the abrasive
grain pipe 20 is at least lower than the atmospheric pres-
sure.

[0064] Forexample, ifthe abrasive grain AB is clogged
in the abrasive grain pipe 20 on the upstream side of the
connecting portion of the branch pipe 20B,the pressure
PM is lower than that when the abrasive grains AB are
not clogged. The same applies to clogging in the hopper
60.

[0065] Therefore, when the detection unit 40 detects
that the measured pressure is lower than the lower
threshold value PL, it is possible to detect that the abra-
sive grains AB are clogged on the upstream side (includ-
ing the hopper 60) of the branch pipe 20B.

[0066] For example, if the abrasive grains AB are
clogged in the abrasive grain pipe 20 on a downstream
side of the branch pipe 20B and the abrasive grain pipe
20 is blocked on the downstream side of the branch pipe
20B, the pressure PM is higher than that when the abra-
sive grains AB are not clogged. The same applies to clog-
ging in the nozzle 36, clogging in the abrasive grain in-
troduction portion 32, or the like.

[0067] Therefore, if the detection unit 40 detects that
the measured pressure is higher than the upper threshold
value PH, itis possible to detect that the abrasive grains
AB are clogged on the downstream side (including the
nozzle 36) of the branch pipe 20B.

[0068] Therefore, the machining apparatus 100 can
detect the clogging of the abrasive grains AB.

[0069] The machining apparatus 100 using the abra-
sive water jet as in the present embodiment can vigor-
ously inject the high-pressure water mixed with abrasive
grains AB from a nozzle to perform trimming (trimming
machining). Further, in general, the machining apparatus
100 using the abrasive water jet as in the present em-
bodiment is usually used for cutting a hard-to-cut mate-
rial, and, for example, can perform trimming (trimming
machining) of a wing skin.

[0070] The abrasive grains AB are mixed in order to
increase power of the abrasive water jet, and an abrasive
such as SiC or Al,O4 having a particle size of about sev-
eral hundred of um is used in many cases.

[0071] In order to transport the abrasive grains AB,
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vacuum transport performed by an aspirator using the
Venturi effect of a water jet is often used as in the ma-
chining apparatus 100 of the present embodiment. The
reason for using the vacuum transport performed by an
aspirator is that there is no need to use a new power for
transporting the abrasive grains, and the apparatus can
be simplified.

[0072] However, if the abrasive grains AB are clogged
in the nozzle 36 or the abrasive grains AB are instanta-
neously clogged in the abrasive grain pipe 20, the pres-
sure of the jet may temporarily decrease. In this state,
not only does a "sharpness" of the trim become poor and
cutting quality sharply decreases, but also the cutting is
impossible if a pressure decrease time of the jet is long.
[0073] The abrasive grains AB have a sharp shape in
order to improve cutting performance and quality, and
because of this shape, fluidity is poor and the clogging
is likely to occur essentially.

[0074] As illustrated in Fig. 3, it is assumed that the
abrasive grains AB are clogged and the main pipe 20A
is blocked at a position XL on the downstream side of
the branch pipe 20B. In this case, the pressure detected
by the detection unit 40 is higher than that in a normal
state,since the negative pressure of the venturi effect
sucked by the injection unit 30 decreases.

[0075] Therefore, when the detection unit 40 detects
that the pressure PM is higher than the upper threshold
value PH, the detection unit 40 can detect the blockage
on the downstream side of the detection unit 4.

[0076] However, in actual, as illustrated in Fig. 3, the
blockage by the abrasive grains AB may occur not only
on a downstream side than the branch pipe 20B, but also
at a position XH on an upstream side of the branch pipe
20B.

[0077] Itis assumed that the main pipe 20A is blocked
by the abrasive grains AB at the position XH. In this case,
due to the negative pressure of the Venturi effect, the
pressure detected by the detection unit 40 is lower than
that in the normal state. That is, the change is opposite
to a case where the abrasive grains AB is clogged on the
downstream side of the branch pipe 20B.

[0078] Therefore, the detection unit40 notonly detects
that the pressure PM is higher than the upper threshold
value PH, but also detects that the pressure PM is lower
than the lower threshold value PL.

[0079] Thatis, as illustrated in Fig. 4, the detection unit
40 determines that the pressure PM is not in a range
(normal range) in which the pressure PM is the lower
threshold value PL or more and the upper threshold value
PH or less, and the detection unit 40 determines that the
pressure PMis in a range lower than the lower threshold
value PL or in a range (abnormal range) more than the
upper threshold value PH.

[0080] In general, in the abrasive water jet, the pres-
sure in the abrasive grain pipe 20 fluctuates according
to apressure fluctuation of a high-pressure pump, awater
temperature which determines the negative pressure of
the Venturi effect, and flow conditions of the abrasive
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grains AB. Therefore, itis necessary to determine arange
which is not abnormal.

[0081] As in the present embodiment, for example,
when the upper threshold value PH is set to -50 kPa and
the lower threshold value PL is setto-70 kPa, itis possible
to cope with the fluctuation. This value may vary depend-
ing on various conditions.

[0082] If there is a blockage on an upstream side of a
pressure measurement location (branch pipe 20B) by the
detection unit 40, the flows of the abrasive grains AB stop
or an amount of the flow decreases. Accordingly, a sharp-
ness of the jet injected from the machining apparatus 100
deteriorates, and a cut surface of the object to be ma-
chined OBJ is rough or the object to be machined OBJ
cannot be cut.

[0083] Meanwhile, if there is a blockage on a down-
stream side of the pressure measurement location
(branch pipe 20B) by the detection unit 40, at least one
of the blockage of the abrasive grain pipe 20 and the
blockage of the injection unit 30 occurs. When the abra-
sive grain pipe 20 is blocked, the flows of the abrasive
grains AB are stopped as described above. When the
injection unit 30 is blocked, the jet injected from the ma-
chining apparatus 100 stops.

[0084] When the flows of the abrasive grains AB are
stopped or the jet injected from the machining apparatus
100 is stopped, the sharpness of the jet becomes dete-
riorates as described above, and the cut surface of the
workpiece is rough or the workpiece cannot be cut.
[0085] In this situation, the trimming cannot be restart-
ed immediately after the blockage is eliminated, and the
rough cut surface needs to be repaired by any method.
[0086] Meanwhile, the machining apparatus 100 of the
present embodiment can detect the clogging of the abra-
sive grains AB. Further, it is possible to detect whether
the clogged location of the abrasive grains AB is the up-
stream side or the downstream side of the branch pipe
20B which is the pressure detection location of the de-
tection unit 40. For this reason, it is possible to cope be-
fore the cut surface is rough or cannot be cut, and thus,
an impact is extremely large in terms of cost and a de-
livery date.

(Modification Example)

[0087] In the present embodiment, the detection unit
40 detects that the pressure PM is in the range lower
than the lower threshold value PL or in the range (abnor-
mal range) higher than the upper threshold value PH. As
a modification example, as illustrated in Fig. 5, the de-
tection unit 40 may separately detect that the pressure
PM is in the range (abnormal range (l)) lower than the
lower threshold value PL and the pressure PM is in the
range higher than the upper threshold value PH (abnor-
mal range (l).)

[0088] Furthermore, when the pressure PM is in the
abnormal range (1), the detection unit 40 may specify that
there is an abnormality (blockage) on the upstream side



11 EP 3 747 601 A1 12

of the pressure measurement location by the detection
unit 40, and when the pressure PM is in the abnormal
range (ll), the detection unit 40 may specify that there is
an abnormality (blockage) on the downstream side of the
pressure measurement location by the detection unit 40.

<Second Embodiment>

[0089] Hereinafter, a machining apparatus according
to a second embodiment of the present invention will be
described with reference to Fig. 6.

[0090] A machining apparatus 200 of the present em-
bodiment is basically the same as that of the firstembod-
iment, but is different from that of the first embodiment
in that a vacuum pump is provided. Moreover, constitu-
tions of injection units are different from each other.

(Constitution)

[0091] The machining apparatus 200 includes the
high-pressure water pipe 10, the abrasive grain pipe 20,
an injection unit 230, the detection unit 40, the high-pres-
sure pump 50, and the hopper 60. As illustrated in Fig.
6, the machining apparatus 200 further includes a vacu-
um pump 80.

[0092] Asillustratedin Fig. 7, the injection unit 230 mix-
es the supplied high-pressure water WH with the abra-
sive grains AB inside the injection unit 30 to inject the
high-pressure mixed water MH.

[0093] Theinjection unit 230 include the high-pressure
water introduction portion 31, the abrasive grain intro-
duction portion 32, an exhaust portion 33, the orifice 34,
a chamber 235 (mixing portion), the nozzle 36, and a
partition pipe 70.

[0094] The partition pipe 70 is provided inside the
chamber 235. The partition pipe 70 separates a first
space SP1 extending in one direction from the high-pres-
sure water introduction portion 31 to the nozzle 36 and
the second space SP2 around the first space SP1.
[0095] The partition pipe 70 has an opening 70H on an
introduction straight line Li extending in introduction di-
rections of the abrasive grains AB from the abrasive grain
introduction portion 32.

[0096] The exhaust portion 33 is provided at a position
facing the abrasive grain introduction portion 32 across
the first space SP1. This position is best. However, the
second space SP2 may be provided anywhere as long
as it is a place where the second space SP2 can be ex-
hausted and does not affect the flow of abrasive grains
passing through the opening 70H. A vacuum pump 80 is
connected to the exhaust portion 33. The vacuum pump
80 exhausts gas in the second space SP2 from the ex-
haust portion 33.

(Operation)

[0097] A pressure inside the chamber 235 is reduced
by the vacuum pump 80. Therefore, most of the abrasive
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grains AB introduced from the abrasive grain introduction
portion 32 are accelerated in the direction of the intro-
duction straight line Li so as to be sucked into the cham-
ber 235. Moreover, most of the accelerated abrasive
grains AB rush into the opening 70H due to inertial mo-
tion, are mixed with the high-pressure water WH to be
the high-pressure mixed water MH, and are injected from
the nozzle 36.

(Action and Effect)

[0098] In general, the negative pressure formed by the
Venturi effect has many small fluctuations. Accordingly,
when the abrasive grains AB are transported into the
injection unit using the Venturi effect as in the first em-
bodiment, a transport amount of the abrasive grains AB
may be unstable. When the transport amount of the abra-
sive grains AB is unstable, itis difficult to keep a transport
flow rate of the abrasive grains AB into the injection unit
high.

[0099] Further, the negative pressure due to the Ven-
turi effect of the high-pressure jet is small. In this case,
when the vacuum pump 80 is separately provided and
the abrasive grains AB are transported by decompressed
air, it is possible to increase the flow rate.

[0100] Therefore, in the present embodiment, the air
inside the second space SP2 is exhausted using an in-
dependent dedicated system for introducing the abrasive
grains, and in the machining apparatus 200, the separate
vacuum pump 80 is provided to transport the abrasive
grains AB by decompressed air.

[0101] For this reason, it is possible to keep the flow
rate of the abrasive grains AB into the injection unit 230
large.

[0102] In addition, effects of suppressing the negative
pressure fluctuation of the high-pressure jet can be ex-
pected.

[0103] Therefore, it is possible to suppress the clog-

ging of the abrasive grains AB.

[0104] In addition, in the present embodiment, in the
machining apparatus 200, the partition pipe 70 is provid-
ed inside the chamber 235. Further, in the machining
apparatus 200, the exhaust portion 33 is provided at the
position facing the abrasive grain introduction portion 32
across the first space SP1. Accordingly, solid (abrasive
grain) - gas (air) separation can be performed inside the
injection unit 230.

[0105] If the air inside the chamber 235 is exhausted
at a pressure lower than the pressure formed by the Ven-
turi effect without providing the partition pipe 70, the flows
of the abrasive grains AB from the abrasive grain intro-
duction portion 32 to the opening 70H on the introduction
straight line Li are obstructed.

[0106] Meanwhile, in the present embodiment, since
the partition pipe 70 is provided, the flows of the abrasive
grains AB on the introduction straight line Liare not easily
obstructed. As a result, the abrasive grains AB are intro-
duced from the abrasive grain introduction portion 32 into
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the first space SP1 through the opening 70H.
[0107] Therefore, it is possible to further suppress the
clogging of the abrasive grains AB.

<Machining Method>

[0108] The machining method in each of the embodi-
ments will be described with reference to Fig. 8.

[0109] Hereinafter, a case where the machining appa-
ratus 100 is used will be described. However, the same
applies to a case where the machining apparatus 200 is
used.

[0110] First, the machining apparatus 100 measures
the pressure inside the abrasive grain pipe 20 (ST10: a
step of measuring the pressure).

[0111] Subsequentto ST10, the machining apparatus
100 compares the obtained pressure PM with the preset
lower threshold value PL (ST20: a step of comparing with
the lower threshold value).

[0112] As a result of the comparison, in a case where
the machining apparatus 100 determines that the ob-
tained pressure PM is lower than the preset lower thresh-
old value PL (ST20: YES), the process proceeds to ST40.
[0113] As a result of the comparison, when the ma-
chining apparatus 100 determines that the obtained pres-
sure PMis notlower than the presetlower threshold value
PL (ST20: NO), the process proceeds to ST30.

[0114] In ST30, the machining apparatus 100 com-
pares the pressure PM with the preset upper threshold
value PH (ST30: a step of comparing with the upper
threshold value).

[0115] As a result of the comparison, in a case where
the machining apparatus 100 determines that the ob-
tained pressure PM is not higher than the preset upper
threshold value PH (ST30: NO), the process returns to
ST10, and the pressure inside the abrasive grain pipe 20
is measured again.

[0116] As a result of the comparison, in a case where
the machining apparatus 100 determines that the ob-
tained pressure PM is higher than the preset upper
threshold value PH (ST30: YES), the process proceeds
to ST40.

[0117] In ST40, the machining apparatus 100 detects
that pressure PM is out of the range (the pressure PM is
lower than the lower threshold value PL or higher than
the upper threshold value PH).

[0118] Subsequent to ST40, when detecting that the
obtained pressure PM is lower than the lower threshold
value PL or detecting that the pressure PM is higher than
the upper threshold value PH, the detection unit 40 im-
mediately supplies high-pressure water to the high-pres-
sure pump 50. Acommand to stop is output (ST50: output
step). Further, in ST50, in a case where the detection
unit 40 detects that the pressure PM is lower than the
lowerthreshold value PL, orin a case where the detection
unit 40 detects that the pressure PM is higher than the
upper threshold value PH, the detection unit 40 may out-
put a command to the high-pressure valve 37 which is
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provided immediately before the high-pressure water in-
troduction portion 31 in the middle of the high-pressure
water pipe 10 as illustrated in Fig. 2. The high-pressure
valve 37 receiving the command stops the injection of
the high-pressure water WH, and thus, the machining
apparatus 100 stops the injection of the high-pressure
mixed water MH.

(Modification Example)

[0119] Each step of the present machining method is
performed by the machining apparatus. However, as a
modification example, atleast one of steps ST10 to ST50
may be performed by an operator.

[0120] Moreover, in steps ST20 and ST30 of the ma-
chining method, the machining apparatus compares the
obtained pressure PM with the lower threshold value PL
and also compares the obtained pressure PM with the
upper threshold value PH. However, as a modification
example, it is not necessary to compare the obtained
pressure PM with the upper threshold value PH only by
comparing the obtained pressure PM with the preset low-
er threshold value PL. In this case, in ST40, the machin-
ing apparatus detects only that the pressure PM is lower
than the lower threshold value, and does not detect that
the pressure PM is higher than the upper threshold value
PH.

[0121] Hereinbefore, some embodiments of the
present invention are described. However, the embodi-
ments are presented by way of example only, and are
not intended to limit a scope of the invention. The em-
bodiments can be implemented in other various forms,
and various omissions, replacements, and modifications
can be made within a scope which does not depart from
the gist of the invention. The embodiments and modifi-
cations thereof are included in the scope and gist of the
invention, and are also included in the invention de-
scribed in the claims and equivalents thereof.

[0122] For example, in each of the embodiments, the
machining apparatus and the machining method perform
cutting of the object to be machined OBJ, but may per-
form machining of the object to be machined OBJ even
without cutting the object to be machined OBJ.

Industrial Applicability
[0123] According to an aspect of the presentinvention,

it is possible to detect clogging of abrasive grains. Ref-
erence Signs List

[0124]

10: high-pressure water pipe

20: abrasive grain pipe

20A: main pipe

20B: branch pipe

30: injection unit

31: high-pressure water introduction portion
32: abrasive grain introduction portion



33:
34:

34H:

35:
36:

36H:

37:
40:
41:
42:
50:
60:
70:

70H:

80:
100:
200:
230:
235:
AB:
AX:
Li:
MH:

OBJ:

PH:
PL:
PM:

SP1:
SP2:

WH:

Clai

15 EP 3 747 601 A1 16

exhaust portion
orifice

through hole
chamber

nozzle

nozzle hole
high-pressure valve
detection unit
measurement unit
determination unit
high-pressure pump
hopper

partition pipe

opening

vacuum pump
machining apparatus
machining apparatus
injection unit
chamber

abrasive grain

axis

introduction straight line
high-pressure mixed water
object to be machined
upper threshold value
lower threshold value
pressure

first space

second space
high-pressure water

ms

A machining apparatus comprising:

a high-pressure water pipe through which high-pres-
sure water is supplied;

an abrasive grain pipe through which abrasive grains
are supplied;

an injection unit which includes a high-pressure wa-
ter introduction portion into which the high-pressure
water is introduced, an abrasive grain introduction
portioninto which the abrasive grains are introduced,
a mixing portion in which the high-pressure water
and the abrasive grains are mixed with each other,
and a nozzle which injects the high-pressure water
having the mixed abrasive grains to an object to be
machined; and

a detection unit which measures a pressure inside
the abrasive grain pipe and detects that the pressure
is lower than a lower threshold value.

The machining apparatus according to claim 1,
wherein the detection unit further detects that the
pressure is higher than an upper threshold value.

The machining apparatus according to claim 1 or 2,
wherein the detection unit specifies that an abnor-
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mality is present on an upstream side of a pressure
measurement location by the detection unitin a case
where the pressure is lower than the lower threshold
value.

The machining apparatus according to any one of
claims 1 to 3, further comprising:

a partition pipe which separates afirst space extend-
ing in one direction from the high-pressure water in-
troduction portion to the nozzle and a second space
around the first space from each other, inside the
mixing portion and includes an opening on an intro-
duction straight line extending in an introduction di-
rection of the abrasive grains from the abrasive grain
introduction portion; and

an exhaust portion which is provided at a position
facing the abrasive grain introduction portion across
the first space and exhausts air inside the second
space.

A machining apparatus comprising:

a high-pressure water pipe through which high-pres-
sure water is supplied;

an abrasive grain pipe through which abrasive grains
are supplied;

an injection unit which includes a high-pressure wa-
ter introduction portion into which the high-pressure
water is introduced, an abrasive grain introduction
portioninto which the abrasive grains are introduced,
a mixing portion in which the high-pressure water
and the abrasive grains are mixed with each other,
and a nozzle which injects the high-pressure water
having the mixed abrasive grains to an object to be
machined; and

a partition pipe which separates afirst space extend-
ing in one direction from the high-pressure water in-
troduction portion to the nozzle and a second space
around the first space from each other, inside the
mixing portion and includes an opening on an intro-
duction straight line extending in an introduction di-
rection of the abrasive grains from the abrasive grain
introduction portion; and

an exhaust portion which is provided at a position
facing the abrasive grain introduction portion across
the first space and exhausts air inside the second
space.

A machining method comprising:

a step of measuring a pressure inside an abrasive
grain pipe of a machining apparatus including a high-
pressure water pipe through which high-pressure
water is supplied, an abrasive grain pipe through
which abrasive grains are supplied, and a nozzle
which is connected to the high-pressure water pipe
and the abrasive grain pipe and injects the high-pres-
sure water mixed with the abrasive grains to an ob-
ject to be machined; and

a step of detecting that the pressure is lower than a
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FIG. 1
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FIG. 2

Y
YJ_—36H
£~—0BJ

>

MH-

12



EP 3 747 601 A1

FIG. 3
,)) 0
50- | A8
41(40)
42(40)
- /
10\ >
XL 20 PM YH
A>B \ | _—20B \ AF
30~ < X X <=
/
20A
U ('NORMAL RAEJ(?E NORMAL RAr%lg.E )
MH \i ; _70 / ~. PH
BLOCKED :
OBJ\% . 0 : )
-100
" (AT THE TIME kPa (AT THE TIME
OF ATMOSPHERIC OF ATMOSPHERIC
L PRESSURE) PRESSURE)
('NORMAL RANGE NORMAL RANGE )

0 100 0
kPa (AT THE TIME kPa (AT THE TIME
OF ATMOSPHERIC OF ATMOSPHERIC

9 PRESSURE) PRESSURE)

13



EP 3 747 601 A1
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FIG. 8
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