HIGH PRESSURE WATER JET SURFACE CUTTING DEVICE AND
CUTTING METHOD BACKGROUND OF THE INVENTION 1. Field of
the Invention The present invention relates to a high pressure water jet
surface cutting device and a surface cutting method. More specifically,
the present invention relates to a novel surface cutting device by means
of a high pressure water jet useful for an irregular surface shape of a
composite molded article to be used as a building material, e.g., an
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monument or the like, or useful%f#ré%ce finishing of a relief pattern,
and a surface cutting method using this "hovel surface cutting device. 2.
Description of the Related Art Conventionally, there are known composite
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or its ground powders, and inorganic particles such as particles of a
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useful for surface finishing of a relief pattern, and a surface cutting method using this

novel surface cutting device.

2, Description of the Related Art

Conventionally, there are known composite molded articles made of a mixture of
a resin component, a natural stone or its ground powders, and inorganic particles such as
particles of a synthetic inorganic compound and similar to marble, an artificial stone
similar to a natural stone, and the like. Various blending ratios of materials, various color
tones, and various uses of these composite. molded articles have been also proposed.

Normally, each of the composite molded articles is provided as a product by
injecting the resin mixture into a molding die, hardening the resin mixture, and detaching
the hardened resin mixture from the molding die. During the molding, an irregular shape
or a relief pattern is added to a surface of the composite molded article so as to realize a
texture of a natural stone or a three-dimension of the surface, or a shading depth.

During the conventional molding of the composite article consisting of the
artificial stone or the like, for example, a thin film resin matrix surface layer 2 as shown in

Fig.1 is present on the surface of the composite molded article 1. Therefore, this resin



During the conventional molding of the composite article consisting of the
artificial stone or the like, for example, a thin film resin matrix surface layer
2 as shown in Fig.! is present on the surface of the composite molded
article 1. Therefore, this resin 1 matrix surface layer 2 is removed by the
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relief surface pattern as shown in Fig. 1, for example, the surface cutting
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provide a high-quality
composite molded article 1 that has the irregular surface shape or the relief surface pattern as
shown in Fig. 1, for example, the surface cutting in a vertex portion 11 and a flat portion 12 can
be satisfactorily performed; however, the surface cutting in an inclined portion 13 is
conventionally, unavoidably insufficient. Due to this, the resin matrix surface layer 2 is left in
the inclined portion 13. As a result, it is disadvantageously difficult to provide a high-quality

composite molded article that imparts a three-dimensional shading, a texture of a natural stone,

an excellent design form, and a good aesthetic sense.

SUMMARY OF THE INVENTION

Example embodiments of the present invention seek to provide novel technical

measures capable of solving the disadvantages of conventional surface cutting devices by



composite molded article that imparts a three-dimensional shading, a
texture of a natural stone, an excellent design form, and a good aesthetic
sense. SUMMARY OF THE INVENTION Example embodiments of the
present invention seek to provide novel technical measures capable of
solving the disadvantages of conventional.surface cutting devices by, 2
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a relief pattern. According to the first aspect of the present invention, there
is providedia:highefiassipet watergetsuifacetcutting dievioeitled high pressure
comprises a high pressure waterjet nozzle head which can be moved in X
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jet centers of at least one or more nozzles being arranged at inclined
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surface of the composite molded article, resgectively. According to an
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resRORIBET embodiment of the present invention, there is provided the high
pressure water jet surface cutting device characterized in that the at least
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one or more nozzles are within a range of 45°. According to another embodiment of the present
invention, there is provided the high pressure water jet surface cutting device characterized in
that the at least one or more nozzles arranged at the inclined angles are at orthogonal positions
to a tangent of the nozzle head to be directed outward of a rotation center of the nozzle head or
directed inward toward the rotation center. According to another embodiment of the present
invention, there is provided the high pressure water jet surface cutting device characterized in
that the at least one or more nozzles are arranged so that the jet centers are at perpendicular

positions at the inclined angles of 0° with respect to the foundation layer surface.

According to another embodiment of the present invention, there is provided the high
pressure water jet surface cutting device characterized in that the plurality of high pressure
water jet nozzles are arranged at at least two or more circumferential positions having different
distances from the rotation center of the nozzle head. According to another embodiment of the
present invention, there is provided the high pressure water jet surface cutting device

characterized in that the plurality of nozzles arranged at an equal



directed inward toward the rotation center. According to another
embodiment of the present invention, there is provided the high pressure
water jet surface cutting device characterized in that the at least one or
more nozzles are arranged so that the jet centers are at perpendicular
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comprising a step of cutting the resin
layer surface of the composite molded article against which a jet water from the nozzles is
stricken are uniform. According to another embodiment of the present invention, there is
provided the high pressure water jet surface cutting device characterized by comprising a step
of cutting away the resin matrix portion having a thickness within a range of 10pum to 10 mm.
According to a further embodiment of the present invention, there is provided the high
pressure water jet surface cutting device characterized by comprising a step of cutting the

surface of the composite molded article that includes irregular surfaces having a height from

the foundation layer surface within a range of 1 to 100 mm.

Embodiments of the present invention constituted as stated above have been
completed based on the following new knowledge obtained as a result of detailed and specific
studies conducted by the inventors of the present invention.

According to the studies by the inventors of the present invention, when the resin



matrix portion on the surface of the composite molded article while moving
the nozzle head in the X and Y directions so that areas among loci of the
jet centers with respect to the foundation layer surface of the composite
molded article against which ajet water from the nozzles is stricken are
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is cut by the conventional high pressure water jet, the number of jet
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removal of the resin matrix surface layer 2 in the inclined portion 13 by
that GuttipgrpEnbestame thing is thadlavhenithd 2, shown in Fig. 1, in place of the
conventional jet nozzles that are arranged perpendicularly, that is, arranged so that the high
pressure water can be stricken against the inclined portion 13 substantially perpendicularly, the
resin matrix surface layer 2 in the inclined portion 13 can be satisfactorily cut away. It is also
discovered from the studies that, if nozzles for injecting the high pressure water in a
perpendicular direction to the foundation layer surface, i.e., the flat portion 12 are additionally
provided, the resin matrix surface layer 2 in the vertex portion 11 and the flat portion 12 can be
also, satisfactorily cut away. This cannot be predicted at all from the conventional knowledge
and experience.

Thus, embodiments of the present invention have been completed based on this

knowledge, and completed further by deepening this knowledge and considering most

preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view and a partially enlarged view which show one



pressure of the jet water is increased. If the pressure is excessively
increased, the vertex portion 11 and the flat portion 12 may possibly be
damaged. By contrast, if the centers of the high pressure water jet
nozzles are arranged at the inclined angles with respect to perpendicular
positions to the foundation layer surface of the composite molded article 1,
which is composed. by the foundation layer portion IA and an additional
decoration portion 1B, as shown in Fig. 1, that is, at perpendicular

exa[ﬂB’é’iﬂBﬁéﬁ“ﬁB’?ﬂgtﬂéﬁJgFﬂ&{tﬁ;shown in Fig. 1, in place of the
conviglional ighngzzies IRLALGALANAsHPRIRgNdicularly, that s,

arranged so that the high pressure water can be stricken against the
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layer 2 in the inclined portion 13 can be satisfactorily cut away. It is also
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water in a perpendicular direction to the foundation layer surface, i.e., the
flat portion 12 are additionally provided, the resin matrix surface layer 2 in

DETASESEPORRTIAE therfARRFRRAB FAREED plBRNgatisfactorily cut
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completed based on this knowledge, and completed further by deepening
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are located at inclined angles with respect to perpendicular positions. This feature can be

embodied by, for example, Figs. 2 and 3.

Fig. 2 is a bottom view which shows an example of a state in which a plurality of
high pressure water jet nozzles 3 are arralnged on a rotary disk 4. Fig. 3 is a cross-
sectional view taken along A-A of Fig. 2.

According to this embodiment, for example, in the high pressure water jet
surface cutting device, a plurality of high pressure water jet nozzles 3 are arranged on the
rotary disk 4 of the nozzle head. At least one or more nozzles 3., eg., high pressure water
jet centers of at least one or more nozzles 3AC and 3BC of high pressure water jet nozzles
3A and 3B shown in Fig. 3 are arranged at inclined angles 8, and 05 with respect to
perpendicular positions to a foundation layer surface of the composite molded article,
respectively.

More specifically, the high pressure water jet nozzle 3A is arranged at the
inclined angle 0, while being radiated outward of the rotation center of the rotary disk 4.
The high pressure water jet nozzle 3B is arranged at the inclined angle 85 while being

directed toward the rotation center thereof. The cutting device according to the present

invention has preferably the inclined angles 6, and 0, within a range of 45°.



Fig. 3 is a cross-sectional view taken along A-A of Fig. 2; and Fig. 4
shows loci formed following rotational movement of the nozzle head.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT An
embodiment of the present invention will be described hereinafter with
reference to the drawings. A high pressure water jet surface cutting device
according to the present invention is characterized in that high pressure
jet centers of at least one or more nozzles are located at inclined angles
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along A-A of Fig. 2. According to this embodiment, for example, in the
Figsplgmbietaivt saersbrrsdradodiment deetficeplomeitiporigiprassdes A
ater jet nozzles 3 are arranged on the rotary disk 4 .of the nozzle head.
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nozzles 3A and 3B shown in Fig. 3 are arranged at inclined angles 0OA
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surface of the composite molded article, respectively. More specifically,
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The ?ﬂg pressure water jet nozzle 3B is arranged at the inclined angle Oa
while &QiNg, according to the present invention, the plural high pressure water jet
nozzles 3 are prefefébly arranged at two or more circamferential positions at different
distances from the rotation center of the rotary disk 4 of the nozzie head, the
circumferential positions different in inclined angle. The nozzles 3 at the same
circumferential position are preferably arranged symmetrically about the rotation center
of the rotary disk 4, and at the same plane position with respect to the tangent H at the
same inclined angle. |
For instance, the surface cutting device that includes the nozzle head
corresponding to th-e-exaﬁii’i‘ie of Figs. 2 and 3 and being constituted of such conditions that
the rotary disk 4 has an outside diameter of 220 mm, a distance from the rotation center
on an inner circumference shown in Fig. 2 is 175 mm, a distance from the rotation center
on an oufer circumference shown in Fig. 2 is 200 mm, a nozzle injection caliber is 0.2 mm,
and that the inclined angles 0, and O are 20° is provided. Further, the surface cutting
device in which circumferential positions of the two nozzles arranged at symmetric
positions from the rotation center are divided to six stages of 160, 165, 175, 185, 190, and
200 mm, is specifically provided.
According to the present invention, when the surface of the composite molded

article consisting of the inorganic particles and the resin is cut using the cutting device that



directed toward the rotation center thereof. The cutting device according
to the present invention has preferably the inclined angles 8A and 8e
within a range of 45. 6 In the cutting device, each nozzle arranged at such
an inclined angle may form an arbitrary angle within a range of 360, e.g.,
an angle of 0, with respect to, for example, a tangent H of the rotary disk
4 of the nozzle head as shown in Fig. 2 in plane arrangement. Figs. 2 and
3 depict, as a preferred embodiment, a specific example in which the
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step-FHCltepangitigRsthat the rotary disk 4 has an outside diameter of 220 mm,

a distance from the rotation center
- For example, the instance of using the nozzle head in which the circumferential

positions are divided to the six positions set forth above will be described. For tlﬁs nozzle
head, the following conditions are set.

A height of the nozzle from the surface of the composite molded article: 35 mm

A jet water pressure: 1,500 kgf/em®

A Y-direction feeding velocity: 15,000 mmfmi.n

An X-direction feeding velocity: 60 mm/min

The number of revolutions of the nozzle head: 750 rpm,

By satisfying these conditions, 2a PMAA resin matrix surface layer (at a thickness
of 200 pm) can be satisfactorily cut in all of the vertex portion, the flat perti?m, and the
inclined portion of the irregular surface shape. If the conventional nozzle head having as
many nozzles as those according to the present invention is employed, and it is set that a
predetermined matrix surface layer can be cut in the flat portion, then the matrix surface
layer in the inclined portion is hardly cut but left within the same time. If a setting is
made that the water jet pressure is higher and the distance between each nozzle and the
molded article is shorter so that the inclined portion is cut by a predetermined cutting

thickness, then the flat portion is excessively cut,



on an inner circumference shown in Fig. 2 is 175 mm, a distance from the
rotation center on an outer circumference shown in Fig. 2 is 200 mm, a
nozzle injection caliber is 0.2 mm, and that the inclined angles BA and 0"
are 20 is provided. Further, the surface cutting device in which
circumferential positions of the two nozzles arranged at symmetric
positions from the rotation center are divided to six stages of 160, 165,
175, 185, 190, and 200 mm, is specifically provided. According to the
preserieiess ftisn, Msanatatdnredionfthetdbnitsddindhn otdelisntitiand
consistin the ingrganic partjcles and the resin is cut using the cutting
vangevice ‘%ﬁ%eir%: ﬁ‘g%gsps?ﬁ'&%"a%SﬁYé’ﬁ@&iafhE‘*ﬁé’??fé%ead is rotated to
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Fig. 4, maximum widths Ama:, Bmax, Cmax, and Dmax of loci of nozzles
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and D in the Y direction are determined according to arrangement _
away (hapsain gl redpectveriszbicachrefaratipnpietirire sHarasiaesshree
or tﬁ\gr!%pgtelgesqt 'ositions different in distance from the rotation center of the
nozzle head as much as possible, thereby making areas among the loci
small and uniform. Further, by setting a movement pitch in the X direction
to be small, the areas among the loci can be made smaller and more
uniform. The movement of the nozzle head may be either a continuous
movement or a step-by-step movement. For example, the instance of
using the nozzle head in which the circumferential positions are divided to
. the six positions set forth above will be described. For this nozzle head,
the following conditions are set.



A height of the nozzle from the surface of the composite molded article: 35
mm A jet water pressure: 1,500 kgf/cm 2 A'Y -direction feeding velocity:
15,000 mm/min An X-direction feeding velocity: 60 mm/min The number
of revolutions of the nozzle head: 750 rpm. By satisfying these conditions,
a PMAA resin matrix surface layer (at a thickness of 200 m) can be
satisfactorily cut in all of the vertex portion, the flat portion, and the
inclined portion of the irregular surface shape. If the conventional nozzle
Whddalh Ky ED Hhany nozzles as those according to the present invention
: is emplqyed, and it is set that a g)redetermin_ed matrix surface layer can
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predetermined cutting thickness, then the flat portion is excessively cut. 8
inonganigRaditlsand e pPeddsteHvention is not limited to the embodiment,
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composite molded article, respectively.

2. The high pressure water jet surface cutting device according to claim 1, wherein

the inclined angles of the at least one or more nozzles are within a range of 45°,

3, ‘The high pressure water jet surface cutting device according to claim 1 or 2,
wherein

the at least one or more nozzles arrahged at the inclined angles are at orthogonal
positions to a tangent of the nozzle head to be directed outward of a rotation center of the

nozzle head or directed inward toward the rotation center.

4, The high pressure water jet surface cutting device according to any one of claims
1 to 3, wherein

the at least one or more nozzles are arranged so that the jet centers are at
perpendicular positions at the inclined angles of 0° with respect to the foundation layer

surface.

5. The high pressure water jet surface cutting device according to any one of claims

1 to 4, wherein
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WHAT IS CLAIMED IS: 1. A high pressure water jet surface cutting device
that comprises a high pressure water jet nozzle head which can be
moved in X and Y directions while being rotated, and that cuts a resin
matrix portion on a surface of a composite molded article consisting of
inorganic particles and a resin, wherein a plurality of high pressure water
jet nozzles are arranged on said nozzle head, high pressure water jet
centers of at least one or more nozzles being arranged at inclined angles

with esplugekidy sl fHeh arestarepnaitioitd verairsaneationded et sibdertdvof or

said composite molded.article, respectively. 2. The high pressure water

o R S TR R R TR oo

nozz8 8. of the at least one or more nozzles are within a range of 45. 3.
The high pressure water jet surface cutting device according to claim 1 or
2, wherein the at least one or more nozzles arranged at the inclined

angles are at orthogonal positions to a tanggnt of the nozzle head to be

6 directB8 YahprssBYa ek et RERtScYInG dsyiss errsdipa fofiabed wherein

invati INVAIATSR HBIAORERIEK of 1A NG NPLLRESRIEMAIEG|S Spyface

¢ na
cutting device acc_ordlng to any one of claims , wherein the aﬁeast

arra@PeJot BYRit ABRZIeS e AVANARE Beathal tbetieleeniarsAaald.
perpendicular positions at the inclined angles of 0 with respect to the

foundation layer surface. 5. The high pressure water jet surface cutting

devi;ig(?l cp%rdin to any one of claims . ] .
7. e high pressure wdter jet surface cutting device according to claim 5 or 6,

wherein
the plurality of nozzles arranged at the equal circumferential position are
arranged at the same inclined angle or equally perpendicularly, and form an equal

arrangement angle with respect to a tangent.

8. The high pressure water jet surface cutting device according to any one of claims
5 to 7, wherein
the nozzles arranged at a plurality of circumferential positions, respectively,

differ in inclined angle.

9. A surface cutting method using the surface cutting device according to any one of
claims 1 to 8, comprising a step of:

cutting the resin matrix portion on the surface of the composite molded article
while moving the nozzle head in the X and Y directions so that areas among loci of the jet
centers with respect to the foundation fayer surface of said composite molded article

against which a jet water from the nozzles is stricken are uniform.

10. The cutting method according to claim 9, comprising a step of cutting away the

11



1 to 4, wherein 10 the plurality of high pressure water jet nozzles are
arranged at at least two or more circumferential positions having different
distances from the rotation center of the nozzle head. 6. The high
pressure water jet surface cutting device according to claim 5, wherein
the plurality of nozzles arranged at an equal circumferential position are
arranged at symmetric positions about the rotation center of the nozzle
_head. 7. The high pressure water jet surface cutting device according to
resig IR BB oD Arem AR st G ha s 2Ree afrHhied al dnenequal
circumferential position are arranged at the same inclined angle or
equally perpendicularly, and form an equal arrangement angle with
11. respatfetenaiian@ettoBadbealighonresuw e matabish SuHaGa CHIHNG ARGEe
according to any one of claims 5 to 7, wherein the nozzles arranged at a
surfgpgrefityeooaimmsitfareldad aptidititng inebplstirelyegliffesinine inedngngbeight
" 9. f‘ urf%c?_ cuttin‘% method using the surface cutting device according to
rom (0P SRRSPUAR RS IS RO B HIBASIAaRe SeE ] B0 the resin matrix
portion on the surface of the composite molded article while moving the
nozzle head in the X and Y directions so that areas among loci of the jet
centers with respect to the foundation layer surface of said composite
molded article

12



against which a jet water from the nozzles is stricken are uniform. 10. The
cutting method according to claim 9, comprising a step of cutting away the
11 resin matrix portion having a thickness within a range of 10 smto 10
mm. 11. The cutting method according to claim 9 or 10, comprising a step
of cutting the surface of the composite molded article that includes an
irregular surface having a height from the foundation layer surface within

a ran%e of 1 to 100 mm. 12 ABSTRACT OF THE DISCLOSURE This

ABS] i QBWEQ%WVice which includes a high pressure water
jet AR NaAd.CARRRIE. A QriG MOYE R A aEHR DR NI DRI,
rotated, and which cuts a resin matrix portion on a surface 6fa composit

nozzZiB QR AftiBle SaRSING @t INOIganiv padicies anglanasinrBMR)Igk which
pressure water jet, wherein a plurality of high pressure water jet nozzles

cuts gree iy ARGEH partien oz oeert fan iptsite onelded walde fonsissinens of at
least one, cir more nozzl$§ gﬁe arran%ed at inclined angles with respect to

o BAS BRETIFA A BA&fIEHR B & MRS AP Sl At B ePLlg3 fdush
presm@é_qﬁgearﬂ@lsozﬁym@arﬁ%&&m%%éuﬁa@@ﬂ@y&raach%ﬁw GURGH-HRP;ef
an irregular surface shape or a relief pattern can be effectively cut away.
centers of at least one or more nozzles are arranged at inclined angles with respect to
perpendicular positions to a foundation layer surface of the composite molded article.

Even a resin matrix surface layer in an inclined portion of an irregular surface shape or a

relief patfern can be effectively cut away.
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