H GH PRESSURE WATER JET SURFACE CUTTI NG DEVI CE AND
CUTTI NG METHOD BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to a

hi gh pressure water jet surface cutting device and a
surface cutting nmethod. Mdre specifically, the present
invention relates to a novel surface cutting device by
nmeans of a high pressure 3 water jet useful for an

i r EGH BRESSURE WATER JEIf SGREACROS UTTING DEVIGEIANDe
to be used as a building material, e.g., an interior
or an exterior wall GEUEINGMERHMAvenent, an
artificial stone for a nonunent or the |ike, or useful
for surface finishing of a relief pattern, and a

BACKEROURDIGF THETERVe oG this novel surface
cutting device. Description of the Related Art
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2. Description of the Related Art ;

I
Conventionally, there are known composite moldéd articles made of a

mixture of a resin component, a natural stone or its grom.ld 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 varieus 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.
Dyring 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,




1 During the conventional nolding of the conposite
article consisting of the artificial stone or the
like, for exanple, a thin filmresin nmatrix. surface
| ayer 2 as shown in Fig.1l is present on the surface of
the conposite nolded article 1. Therefore, this resin
matrix surface layer 2 is renoved by the high
pressure water jet, a dissolving treatnent using
cherpiidhé 11 conientibfl mdldisy of Qi BuifRkitk hratikBafisting of
layer 2 is forned, follow ng cast nolding using this
the Rtiticia sebnR-orlthe llikieffdr%ihﬂlﬂmtd fhin Sl racia hatedf surthée
| eft, the surface of the conposite nolding article 1
laysmkus sledwy hgFiek ipreeaiton tHeankfady of thd toeposik molded
prevent this, this resin matrix surface layer 2 is
articknby eTherefdrectiibyesix podeixtsmefaca kiyer 2| is semoeed byvdbe high
and mneral particles contained in the conposite
pregayred atitemjet, « lissolving trstmend usingt dhendeals pi theliket oThis
or the like. The dissolving treatment using chenicals
resipgyptrinsonipen lager 3 eﬁwfosmcde?ﬁli'x@nzrsmt melding weingthigast e
|iquid or the like and is_not, therefore,
moldingdier o ff this resin mpdrixisyrfacgdaxeridis leficthe sysface of the
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perforned; however, the surface cutting in an inclined
considered to be practical to cut away the resin matrix Sn;rface layer 2 by the
high pressure water jet that exhibits a good resin matrix sarface layer removal
effect.

Although this kigh pressure water jet is basically effective as cutting
means for the resin matrix surface layer 2, it leaves much room for
improvement for a surface finishing treatment to the com'boslte molded article
1 at higher quality with a sense of high end, For the cmrlpusite 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 resalt, it is

disadvantageously difficult to provide a high-quality composite molded article




portion 13 is conventionally, unavoi dably
insufficient. Due to this, the resin matrix surface

| ayer 21s left in the inclined portion 13. As a
result, it is disadvantageously difficult to provide
a high-quality conposite nolded article 2 that inparts
a three-di nensional shading, a texture of a natura

stone, an excellent design form and a good aesthetic
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by nmeans of a high pressure water jet, and effectively
cutting away a resin matrix surface layer in an

SUMMARYOFBSE IRVENTRINI ' regul ar surface shape or a
relief pattern. According to the first aspect of the
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water jet surface cutting device that conprises a high
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nol ded article consisting of inorganic particles and a

awxyes resin aiuriachnefdce daydrrin anHatclivedpontin efamirregulhr surface
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shape oy a relighppterysure water jet centers of at |east one
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.that a plurality of high pressure water jet nozzles are arranged on the nozzle

head, high pressore water jet centers of at least one or more nozzles being
arranged at inclined angles with respect to perpendicular positions to a
foundation layer surface of the composite molded article, respectively.
According to the second aspect of the present invention, there is
provided the high pressure water jet surface cutting deviée characterized in
that the inclined angles of the at least one or more nozzle‘s are within a range of
45®. According to the third aspect of the present invention, there is provided
the high pressnre water jet surface cutting device characterized in that the at
lesst one or more nozzles axranged at the inclined angles are at erthogonal
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 a fourth aspect of the present invention, there is provided the




the high pressure water jet surface cutting device
characterized in that the at |east one or nore
nozzl es 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
nozzl e head or directed inward toward the notation
center. According to a fourth aspect of the present
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| ayer surface. According to the fifth aspect of the
sunfiicesent i nvention, there is provided the high
pressure water jet surface cutting device
char Acdoedinpcia the fiftinbspiehtof teprakent\invéntiony fhereds prodded
water jet nozzles are arranged at at |east two or nore
thediigh préssnenwatdr Jobsirfacseprtting dagiceichprgcdenized in that the
fromthe rotation center of the nozzle head.
plunality of hgh pressmee wplarrebnprzdes are arpangedadatdeast two or more
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I nvention, there is provided the high pressure water
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nozzl es arranged' at a plurality of :

at the same inclined angle or equally perpendicularly, and form an equal
arrangement angle with respect to a tangent. According to the eighth aspect
of the present invention, there is provided the high pressure water jet surface )
cutting device characterized in that the nozzles arrangedi at a plurality of
cirenmferential positions, respectively, differ in inclined angle,

According to a ninth aspect of the present invention, there is provided
a surface cutting method using the serface cutting device according to any one
of the first to the eighth aspects of the present invention, charaeterized by
. comprising a step of cutting the resin matrix portion on ihe 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 agalnst which a jet




circunferential positions, respectively, differ in

i nclined angle. According to a ninth aspect of the
present invention, there is provided a surface
cutting nethod using the surface cutting device
according to any one of the first to the eighth
aspects of the present invention, characterized by
conprising a step of cutting the resin matrix portion
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away the resin matrix portion having a thickness
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devi ce characterized by conprising a step of cutting
irregrdasurfanee bavinghehaghpiront thefohddaticn layer eutfaed within a
Includes irregular surfaces having a height fromthe
range whdatei 9@ mmyer surface within a range of 1 to 100
mm The invention according to the present invention
consthe invention aecoxding tothe paesent inyeptionsonetiinses an staged
f ol | ow n? new know edge.  obtained as a result of
aboye:is roop esebased axy the Tollowingsneyp kaewledge phtained as a result
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conventional high pressure water jet, the nunber of
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the resin matrix surface Iayer 2 is cut by the conveational high pressure water
Jjet, the number of jet nozzles provided on the rotary disk is increased and the
number of revolutions (circumferential speed) of each nozzle is increased. By
50 increasing, the Impact energy of (he high pressure water, with which the high
pressure water is stricken against the surface of the composite molded article 1,
is nniformly distributed to the vertex portion 11, the flat portion 12, and the
_im':lined portion 13, However, there Is a limit to the removal of the resin
matrix surface layer 2 in the inclined portion 13 by cutting, The same thing is
true when the 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,




nunber of revolutions (circunferential speed) of each
nozzle is increased. By } so increasing, the inpact
energy of the high pressure water, with which the high
pressure water is stricken against the surface of the
conposite nolded article 1, is uniformy distributed
to the vertex portion 11, the flat portion 12, and the
i nclined portion 13. However, there is a limt to the
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decoration portion 1B, as shown in Fi 1, that is, at
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fromthe conventional know edge and experience.
embbdBuentfle present invention is conpleted based on this
know edge, and conpleted further by deepening this
know edge and consi dering nost preferred
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross=sectional view and a partially enlarged view which
show one example of a composite molded article;
Fig. 2 is a bottom view which shows a nozzle head;
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

hend.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
An embodiment of the present invention will be described hereinafter

with reference to the drawings.




enbodi nents. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
Is a cross-sectional view and a partially enlarged
vi ew whi ch show one exanpl e of a conposite nol ded
article; Fig. 2 is a bottom view which shows a nozzle
head; Fig. 3 is a cross-sectional view taken along AA
of Fig. 2; and Fig. 4 shows |oci fornmed foll ow ng
rot ational nmovenment of the nozzle head. DETAILED
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pressure jet centers o ['east out or nore no

positichs. OTMIEfbadire dadl w&dbmea 8, fr leRamPP Hifs. 2and 3.
per pendi cul ar positions. This feature can be enbodi ed

by, Higs2 RXRbPitém viewwhich siéwsan Exdinplé dfa AafOin! ﬁmeh a
vi ew whi ch shows an exanple of a state in which

plupdlityafiigh pfesbingwitee Jsiluicxzlka 3aire jafiar}Rdzdes r&:a@y Qisk 4,
arranged on a rotary disk 4. Fig. 3is a
Figc3 s csssectimial wiontdkenalong A oPFig. @ Fig. 2.
According to this enbodiment, for exanple, in the high
pr esngording e this Jembisﬁimf:m @on:uampig, iokcthiediigh aressure water
Iuralltzl of high pressure water jet nozzles 3 are
jet ﬁ‘Frf%Wg‘éﬁ Ba dm@ef wbnryliar skhkhdrresqm mater jot pozzles Amre
g‘% or nore nozzles B‘Pfg hi gh pressure
ﬂ"‘m rotaFy gk dfof&be Pezlt bt oAt leaplbon mose apgzles
BC of e et nozzles 3 d 3B
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31?-@ Bfi hfﬁl Wegﬁrr St }ettn%zﬁgsr 355 Id%LH &l vpnolsnl H are arranged
at Inclined angles 6, and 0y with respect to perpendicular positions to a
foundation Iayer surface of the composite molded article, respectively.

More specifically, the high pressure water jut nozzle 3A is arranged at
the inclined angle 6, 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 65 while being directed toward the rotation center thereof, The
cutting device according to the present invention has preferably the inclined
angles 8, and 05 within a range of 45°.

In the cutting device, each nozzle arraunged at sach an inclined angle
may form an arbitrary angle within a range of 360°, ¢.g., an angle of 0°, with
respect to, for example, o 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 nozzle 3A that forms an angle of

+90° with respect to the tangent H, i.e., that is arranged at an orthogonal

position to the tangent H while being radiated ontward of the rotation center of




foundation | ayer surface of the conposite nol ded
article, respectively. Mre specifically, the high
pressure water jet nozzle 3Ais arranged at the
inclined angle QA 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 ON while being directed toward the
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shown in Fig. 2 in plane arrangenent. Figs. 2
walepjet npzzales Jape pfeferablly anmnged BEDVo of nfive Circhmfereanil e
in which the nozzle 3A that forns an angle of +90
positions pbdiftarent distances frogetlie ndtatiorecentehel thesotunyadig d of
at an orthogonal position to the tangent H while
the;nezsle head, thecirewmigrential pasitionsaliffierent in dneloredaingle.t HEhe
rQqtary disk 4, and in which the nozzle 331 that forns
M%Fﬁeﬂa%g? thegrameir¢ymierential positionane prefesablyrarrangdd o |
t ha -iﬁ arranged at an orthg&onal position to the
’Y'Pﬁﬁéfé\'—ﬂ 1y, pkant the pefatign septes of dbe sotary diskt, apd-atithe same
center.thereof. Actuglly, accordi to {he present
piaig Poflten with gesnse, o fhe thugeiiil ok ohsamie Incfinga nghsy 2 o
3 ar b ry.anged.at ,t r re
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disk 4, and at the sane plane position with respect
a distahdeefrbmne Fotdtichl cenbr GRAE ohfte|cirtathreniaic® shown in Fig. 2 is
200 mm, a nozzle injection caliber is 0.2 mm, and that thti inclined angles 6,
and B are 20° is provided. Further, the surface cutting idevice in which
circumferential positions of the twv nvzzles arranged at ss’mmetric 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 incindes such a nozzle head, the nozzle head is rotated
to be moved in X and Y directions. In this case, as shown in, for example, Fig.
4, maximum widths A, Buaxy Comaxs 80d Dpa, of loci of nozzles A, B, C, and D

following the rotation movement of the nozzles A, B, C, and Din the Y

direction are determined according to arrangement positions of the respective




For instance, the surface cutting device that Includes
the nozzle head corresponding to the exanple of Figs.
2 and 3 and being'constituted of such conditions that
the rotary disk 4 has an outside dianeter of 220 mm a
di stance fromthe rotation center on an inner
circunference shown in Fig. 2 is 175 nm a distance
fromthe rotation center on an outer circunference
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I norganic particles and the resin is cut using the
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nozzle head is rotated to be noved in X a
or distepbyetep mbverhdrits case, as shown In, for exanpl e,
Fig. 4, maximumw dths Am,, Bsax, Cmx, and Dm x of
| oci For exmuplecthe AnstBredS6T asidg the hadzlohésdint WRichahat i on
nmovenent of the nozzles AL B, C, and Din the Y
cirgumnferendal posllieiuiare dividedd so the sixpysitwnasecfugtimabhove will be
positions of the respective 8 nozzles. Preferably,
descgiheds o For thig aopgle head, thefolowinpeaditionsaretsebns
dlffﬁrent in distance fromthe rotation center of the
nozzfdeiy of she pozzie frompthessusface of the pampositaamelped-article:
35 4M0Ng the loci small and uniform Further, by setting
P ovenent pitch inthe X direction to be smal |, the
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An X-direction feeding velocity: 60 mm/min

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

By satisfying these conditions, 8 PMAA resin matrix surface layer (at a
thickness of 200 pm) 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 head having as many nozzles as those according to the
present invention is employed, and 1t is set that a predete;mined matrix surface
layer can be cut in the fiat portion, then the matrix sarfaée 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.

Needless to say, the present invention is not limited to the embodiment,




For exanple, the instance of using the nozzle head in
which the <circunferential positions are divided to
the six positions set forth above will be described.
For this nozzle head, the follow ng conditions are
set. A height of the nozzle fromthe surface of the
conposite nolded article: 35 mmA jet water pressure:
1,500 kgf/cn2 A Y-direction feeding velocity 15, 000
andWhilbits fobhsbtdhé QeidinRa ﬂa‘i‘-?éjbm&iﬁ&‘iﬁhycg pied. The
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surface | ayer (at a i ckness of 200 pm) can
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waterrjety aindreffegtively eut hwpp the fesfin matrienurface NWI‘ inahé ixclined
head havi ng as many nozzl es as those according to the

poytionsedrthe iirregnlar snriase ehapeogrethe ralief desigis set that a
predeterm ned matrix surface |ayer can be cut in the
flat portion, then the matrix surface layer in the
inclined portionis hardly cut but left within the
same time. If a setting is nmade that the water jet
pressure is higher and the distance between each
nozzle and the nolded article is shorter so that the
inclined portion is cut by a predetermined cutting fa)
thi ckness, then the flat portion is excessively cut. -~
Needl ess to say, the present invention is not limted
to the enbodinent, 9 and various forns of the
detailed parts of the invention can be adopted. As
described so for in detail, the present invention can
sol ve the di sadvantages of the conventional surface
cutting neans by the high pressure water jet, and
effectively cut away the resin matrix surface layer in
the inclined
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portion of the irregular surface shape or the relief
design. 10 WHAT IS CLAIMED IS: 1. A high pressure
water jet surface cutting device that conprises a high
pressure water jet nozzle head which can be noved in X
and Y directions while being rotated, and that cuts a
resin matrix portion on a surface of a conposite

nol ded article consisting of inorganic particles and a

WHEF IS cAfRDy® plurality of high pressure water jet
nozzl es are arranged on said nozzle head, high

1, Pr esghigh g@i‘sﬁﬁrej ﬂteFﬂ%gﬁgtﬁcgﬁnﬂnﬁeﬁﬁe £ cd Pgﬂésea high

nozzl es ng arrange I nc gl-'es w

présQEositel fetRRZPRHa@ WHAEh BEAS bt hﬁi%%?tlﬁ Yand YOHRd2on® While

| ayer surtface of said conposite nolded article,

belng Tptuted, saidythad cufgrﬁe_binﬂaaﬁﬂf?sm@; PR aSurfaet of 4coRdsite
cutting device according to claim1l, wherein the

moided antizie eongistingalf ibix@aaic prbitles N Df eshii) veheifiZ| €S
are wwthin a range of 45. 3. The high pressure water
j et sphirality eilbighnoesieri vatexdepnizie dre actaiged bn said 2,
wherein the at | east one or nore nozzles arranged at
noxzle-head; highepressuyecrater fet aentevs ofsilenst onzawi moremozziesa
t angent of the nozzle head to be directed outward of a
beipg azrangad @t inclincdiangles with pespeetctachespenlicelor @asitions tola
r“t’aav\@rd the rotation center. 4. The high pressure
oupdatipn layer suriage af sald cpmporits moldedardicls, ngshestizely. one
of claimse 1 to 3, wherein the at | east one or nore
nozzl es are arranged so that the jet centers are

at
2. D PERCREN s ot 2Tet AlrrhiiedeliGg d0ite 080r3Rue b0 it 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

Lthe ut Ieast 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 &
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 sre arranged so timt the jet centers are
at perpendicular positions at the inclined angles of 0° with respect to the

foundation layer surface.
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foundation |l ayer surface. 11 S. The high pressure

wat er jet surface cutting device according to any one
of clains 1 to 4, wherein the plurality of high
pressure water jet nozzles are arranged at at | east
two or nore circunferential positions having different
di stances fromthe rotation center of the nozzle
head. 6. The high pressure water jet surface cutting
devi ce according to claim5, wherein the plurality of
nozzl es arranged at an equal circunferential position

are [ [t gns about the.rotation
S Sont SRR Bralud XHIEY (o PR3k thille TR acsaEng Feamirone
of kREme 4'th AC S Herihi N9 devi ce according to claim5 or 6,

wherein the plurality of nozzles arranged at the equal

Ci 1 CHHE muemityalf lﬂﬁ?h“sﬁ}e water t&l?dggﬁg a af‘ﬁ%&?@% at least

i nclined angle or equally perptn y, an or m an

two @r dkord ch@0SAERAt aPHEiGotd hdvihg ANREent Qisfad Gﬁﬁ.&
S. The high pressurgw\:va?er jetssurfag{e guttci%ﬂg e\t/lli%]e

rotationrcéhtey of thanyzzbdkead, clains 5 to 7, wherein the
nozzl es arranged at a plurality of circunferential
positions, respectively, differ in inclined angle. 9.
A surface cutting nethod using the surface cutting
6. devi The highopnessuge waterajey surfecoénitingi devick dcoolling to claim 5,
conprising a step of: cutting the resin matrix portion
whereibhe surface of the conposite nolded 12
the plurality of nozzles arranged at an equal circumferential position
are arranged at symmetric positions about the rotation center of the nozzle

he‘dr

7. The high pressure water jet surface cutting deviceé according to claim §
or 6, wherein

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

an equal urrangement 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 metbod using the surface catting 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
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article while noving the nozzle head in the X and 'Y
directions so that areas anong loci of the jet
centers with respect to the foundation |ayer surface
of = said conposite nolded article against which a jet
water fromthe nozzles is stricken are uniform 10,
The cutting nethod according to claim9, conprising a
step of cutting away the resin matrix portion having

ax ek MG g th bt RGP o e X 3pR Y pfvectonaisaet arens”
kg 60 e A48 S B B RTTG  F
satl ot Posité m]&é}?ﬁ%&é‘lﬁﬁ?&ig%hme{ jet Wat& ot it dbaies s

range of 1 to
stricken are uniform,

10. The cutting method according to claim 9, compriging a step of cutting
away the resin matrix portion baving a thickness within a range of 10 pm 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 a range of 1 to

100 mm.
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