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

BAOK{ded1axticles maderxofenipdgure of a resin component, a natural stone
or its ground powders, and inorganic particles such as particles of a
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similir to a natural stone, and the like. Various blending ratios of
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stone or the like, for example, a thin film resin matrix surface layer Z2"as
rovehawnfadncutting 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



Fig.! is present on the surface of the composite molded article 1.
Therefore, this resin 1 matrix surface layer 2 is removed by the high
pressure water jet, a dissolving treatment using chemicals or the like.
This resin matrix surface layer 2 is formed, following cast molding using
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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



measures capable of solving the disadvantages of conventional surface
cutting devices by 2 means of a high pressure water jet, and effectively
cutting away a resin matrix surface layer in an inclined portion of an
irregular surface shape or a relief pattern. According to the first aspect of
. themprgs nt invention, thte_ren c|1s Pfr%%zid?d aﬁhigf;l ressure water |ef.surface
meags A B S A BB RS A RIgh présSire Watéret hozzle head whic
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resin matrix portion on a surface of a composite molded article consisting
of incrgandtpastisteiranthecresihe phasacterinedn,ith¢tvais arpludeditybad hpgissure
pressure water jet nozzles are arranged on the nozzle head, high
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pressure water jet surface cutting device characterized in that the inclined
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According to another embodiment of the present invention, there is
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are at'orthogonal positions to a tangent of the nozzle head to be directed

resfRéfv@rd of a rotation center of the nozzle head or directed inward toward
the rotation center. According to another embodiment of the present
inventiopgrthieg eoisnprobidédeth o Highrpressre wate ihiee supfarided g eh
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to another embodiment of the present invention, there is provided the high
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of high pressure
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



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
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position are arrangeacrirat Symirietric positions about the rotation center of
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invention, there is provided the high pressure water jet surface cutting
highghesapeectistradterizbdenuitiag theiphalalityterised 2z ibst Gearpligady st threadtfual
circumferential position are arranged at the same inclined angle or
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composite molded article while moving the nozzle head in the X and Y
surfairegtionsrsalihbtare de ambogaoadhgfithedekcediegsovith sespeidettrthe the
~ foundation_layer surface of the composite molded article against which
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water jet surface cuﬁlng device charac erlzedcby comprising a step o
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10m to 10 mm. According to a further embodiment of the present
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_device characterized by comprising a step of cutting the, _ .
stricken are uniform. According to another embodiment of the présent 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



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
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inventors of the present invention. According to the studies by the
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SO increasing, the impact energy of the high pressure water, with which
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molded article 1, may be uniformly distributed to the vertex portion 11, the
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and the flat portion 12 may possibly be damaged. By contrast, if the
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perpendicularly, that is, arranged so that the high pressure water can be
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resin matrix surface layer 2 in the inclined portion 13 can be satisfactorily
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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



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

exapple @ SRISNIROSE BHEMIVINGS Fig. 1 is a cross-sectional view and
a paﬁ{g.”yigglgg%q,\(jgw WOISIEROW, ANS.12 fxample of a composite

molded article; Fig. 2 is a bottom view which shows a nozzle head; Fig. 3
iS a @igsSisactionaladiemibkien alRagafoy AL Kigt Picamdchirdy. 4 shows loci
formed following rotational movement of the nozzle head. DETAILED
DESHR Psho lor frrmePRimERREREM BOD e PiAkeawisisdinadnt of
the present invention will be described hereinafter with reference to the
drawings. A high pressure water jet surface cutting device according to
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at least one or more nozzles are located at inclined angles with respect to
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Figs. 2 and 3. Fig. 2'is a bottom view which shows an example of a state
refepgnfmierihy ArardfPof high pressure water jet nozzles 3 are arranged on a
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invention is characterized in that high pressure jet centers of at least one or more nozzles
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°.



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 OA and Oa with respect to
perpendicular, positions to a foundation layer surface of the composite
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4 of the nozzle head as shown in Fig. 2 in plane arrangement. Figs. 2 and
the r8tdepiitkas apiefelet dmbodimthatdpeeiicexaieple-o Wwhithr-éhgect to
__nhozzle 3A that forms an angle of +90 with respect to the tangent H, i.e.,
the fangent grr’a"n’g‘é‘ﬁtdf &Waﬁgﬁfﬁﬁé‘ﬁa‘]rﬂ&?ﬂﬁﬁl R RIS EATIISORTIE iy being
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the nozzle 3B that forms an a%rSPe'of -90 with respect to the tangent H, i.e.,
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directed toward the rotation center thereof. Actually, according to the
nozzbrekare jrekenaioy athengled al highr pressucrarattn jetiaipezitens ardifferent
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circumferential positions different in inclined angle. The nozéles 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



distances from the rotation center of the rotary disk 4 of the nozzle 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 the example of Figs. 2 and 3 and being constituted of
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_making areas among the loci small and uniform. Further, by setting a
POS‘?HB%FﬁéﬁH‘f‘ﬁ?ﬁEﬁ"iH‘Pr?é")("’sm‘ms set forth above will be described. For this nozzle

max

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,



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 tegfiRsmtRsayythe peeseohiraenting Veiotipnital 000 erambailimant, and
X-di ectipnff e ing,[vglocitly: ?O m,m/mitr_l The r:*gjmger of revolutions of the
VA e AR B I A3y L SRy AN BB SRR PMAA resin
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all of the vertex portion, the flat portion, and the inclined portion of the
the mreguiawslsiadecshapid ithenc bnveatiigiop riesinie weard jha wing et ctivaly\tcut
nozzles as those according to the present invention is employed, and it is
awaydhesbin prEietrAfsdavRT AR sheinttived Roerenel Sae durerivespince shape
or ¢ &r,ti@r},gpserg}the matrix surface layer in the inclined portion is hardly cut
Ut 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. 8 Needless to
say, the present invention is not limited to the embodiment, and various
forms of the detailed parts of the invention can be adopted. As described
. so far in detail, the present invention can solve the disadvantages of



the conventional surface cutting means by the high pressure water jet,
and effectively cut away the resin matrix surface layer in the inclined
portion of the irregular surface shape or the relief design. 9 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
Whadritles- ARd B d8in, wherein a plurality of high pressure water jet nozzles

are arranged on said nozzle head, high pressure water jet centers of at
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molded article, respectively. 2. The high pressure water jet surface cutting
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one or more nozzles are within a range of 45. 3. The high pressure water
inogandp pacticles il dstiRe"i6E8Ring to claim 1 or 2, wherein the at least
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center. 4. The high pressure water jet surface cutting device according to
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arranged so that the jet centers are at perpendicular positions at the
compesifeoliiglaLtisto LEmesE¥ct to the foundation layer

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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surface. 5. The high pressure water jet surface cutting device according to
any one of claims 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 riBg PR RERHOTDiIghRIRISH Hredeniet werdejars arasged atinglestio or
according to claim 5 or 6, whergjn the plurality of nozzles arranged at the
more Circ mrt]g'en aP‘B(r)&i% ns%avm ({ﬁ'ygren% gisL%a %ét rom é”ﬁ er%actﬁ%gg%@(éf 6lPe

equal circumteréntial positiorr are “arrange at the'8a

nozZBOK&lY, 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.

S 9. A ShifAIED Bt MIStOL | NIHE ther tikede Bitigdinade detbrbingqerin
any_araepﬂrrak@mﬁn%mugpaq;gm@%e%;h&gq Cf% sumt%agg&? Jesi matrix

portion on the surface of the composite ed article while moving the

arrangeaie beachibribpotand MelitastioomaodhatRRASIRAONE RGOf the jet
centers with respect to the foundation layer surface of said composite

molded article -

7. The high pressure water jgt 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



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 sm to 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
.arange of 1to 100 mm. 12 ABSTRACT OF THE DISCLOSURE This
resith ALty A PR deEine thish sy it igq 9ié¢ kenfgl bressure water
jet nozzle head capable of being moved in X and Y directions while being
rotated, and which cuts a resin matrix portion on a surface of a composite
11. moldereasiiifzGarHeti e O diNOIgANICPATICIS BRD ARSI 3 NBRing the
pressure water jet, wherein a plurality of high pressure water jet nozzles
surfgee ofrthh epunesitsanebied ettishot han th bigde p ressursuivaten fete benbeys dkight
" least one or.mare nozzles are arranged at inclined angles with respect to
o '5@?1‘8186151“86%‘?58%%83& Fotinddaoga st dred AABEf the composite
molded article. Even a resin matrix surface layer in an inclined portion of
an irregular surface shape or a relief pattern can be effectively cut away.
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