Cutting Apparatus This nonprovisional. application is based on Japanese

Pat ent Application No. 2005-276904 filed with the Japan Patent O fice on
Sept enber 22, 2005, the entire 5 contents of which are hereby incorporated
by reference. BACKGROUND OF THE I NVENTION Field of the Invention The
present invention relates to a cutting apparatus using water containing
abrasive grains. 10 Description of the Background Art A description is given
of conventional cutting apparatus and cutting nmethod using water containing
abrasive grains. This nethod was invented for the purpose of inproving
machi ning efficiency of a nethod of cutting a workpiece by jetting

hi gh- pressure water to the workpi ece (so-called waterjet cutting) (for
exanpl e, Japanese 15 Patent Layi ng-Copéig Appar(90- 000767, pages 2-4, Figs.
1-4). The nmethod uses, as an abrasive (abrasive grains), garnet, silica
sand or cast steel grit for exanple. The abrasive in wet state is supplied
from an abrasive J .8 Lve . | f rasive
supply inlet, in?§§§5W¥??ﬁ§5§%§k@%%%§f§%§8£ ?Qi.5%%E%§§fé-ﬁ@%§3n§§}e, t he

wet abr asi veo0ss2 16904 ekl fiR-Tapdh) Patétt @ ffibeomB¥ptBEb& B20De0s, he &tit@gh- pr essur e
air 20 _generated by a conpressor. In the m xing chanber, the abrasive is
m xed & t h eontentgpl whieh gre kerehytinggrperatedbytraleraneeul t ant abr asi ve waterj et

cont ai ni ng i i i f,om an abrasive nozzle. The abrasive
wat er j et ha@?ﬁéﬁggﬁﬁbﬁzg%ﬁT%Eqkﬁﬁﬁ?ﬂﬁﬁ?s passed t hrough grooves in a table
(fixing tabkld Wihehverpperts a work (material to be cut) and thereafter
coll ected by a catcher (see Japanese Patent Layi ng-Open No. 25 2000-000767,
pp. 2-4, particulhe pseséiitgnventiof refébtepsto alcutfing apiperagisnapigweatérscontdiniagt ed by a
sieve and the collected abrasive still in the wet state is returned as it is
to the abra®0¥8VC 84 for reuse (see Japanese Patent Layi ng-Cpen No.

2000- 990767De&?igti3ﬁ6fth%%a§k§r&{uﬂ&'A)‘t Fig. I of Figs. 1 to 4). -1 In recent

years, the above-describe ting method using water containing
A description is given of conventional cutting apparatus and cutting method

using water containing abrasive grains. This method was invented for the purpose of
improving machining efficiency of a method of cutting a workpiece by jetting
high-pressure water to the workpiece (so-called waterjet cutting) (for example, Japanese

15 Patent Laying-Open No. 2000-000767, pages 2-4, Figs. 1-4). The method uses, as an
abrasive (abrasive grains), garnet, silica sand or cast steel grit for example. The
abrasive in wet state is supplied from an abrasive tank via an abrasive supply pipe and,
from an abrasive supply inlet, into a mixing chamber of an abrasive nozzle head. Here,
the wet abrasive is fed (pressure-fed) into the mixing chamber by high-pressure air

20 generated by a compressor. In the mixing chamber, the abrasive is mixed with a
high-pressure waterjet and the resultant abrasive waterjet containing the abrasive is
emitted from an abrasive nozzle. The abrasive waterjet having been used for cutting is
passed through grooves in a table (fixing table) which supports a work (material to be
cut) and thereafter collected by a catcher (see Japanese Patent Laying-Open No.

25 2000-000767, pp. 2-4, particularly Fig. 4 of Figs. 1-4). The abrasive is collected by a
sieve and the collected abrasive still in the wet state is returned as it is to the abrasive
tank for reuse (see Japanese Patent Laying-Open No. 2000-000767, pp. 2-4, particularly
Fig. 1 of Figs. 1 to 4).



abrasive grains has al so been applied to the case where an encapsul at ed body
in which chip-like conponents (sem conductor chips and the |ike) nounted on
a circuit board are encapsulated all together in resin is cut along cutting
lines intersecting at right angles in 5 a grid pattern. In this case,

hi gh-preci sion cutting positions and a cutting width of approximtely 200 m
are requi red. However, according to the conventional technique, in the case
where an encapsul ated body as descri bed above is out, it is necessary to
repl ace, after cutting the encapsulated body along cutting lines in one
direction, the original table having grooves 10 with a new tabl e having
grooves extending in a direction different fromthat of the grooves of the

original table byn @Qentlytarsstht dbdweedestribedeaaing ri@hed ugig Wher eataiping at ed
body with respect to the new table for setting it again on the table and
t her eaf t er @bfesivhgraing hangsebeancapphvstp the easg whete amencrpsutated bpdyria mrhigh

di rection. reason for perform t hese erations i g that, for the

pur pose of @\’7‘8?1 Fﬁ&mﬁgréeflpso erpﬁ8n(ﬂ§fﬁrec fiaQﬁ?ﬁ}j @ﬁb)fné)}lmfg Ogl?pcbfcﬂl{t;%ﬂ@rdt%% wor k
(encapsul at ggkapafited 9l Rigeidf in rebih id ut ARGE ERNY 1ih6s Rldr QWi AR IHMEs in
waterjet to pass through the grooves provided in the table (see Japanese
Pat ent 5 Lay#®ggd @peernNo In thi0@s€) (dgh6ptecipipn cattiag pdsitbes dnd 4 eutiigwidthof Fi gs.
1-4). Accordingly, .the abrasive waterjet having been used for cutting the
wor k (encap%ﬂﬁg “ﬁbgv3“m§ﬁ%BHPFg% on the new table is passed through the

grooves and ¢ her eabliot:, Solokafl B ulbohieat SRRAREE, MLIDOM whgRLACt [N he

new table. This technique requires es a e cost for the
appar at us i sndapsulgasbedy dsudekdribied abovicie cuf], itiiSndvessasstarngplace, aftergtuttifethe
encapsul ated body with respect to the new table for setting it agalin on the
new tabl e, °chEPRIGED bedy dprmeyjtinglines dueradirectipn 1B pogiaal table hayipg Bxioyas)

accur ggy (sue i 1N .C J: forated. 25
aceur 36 LY ik, AR AR SR Rhed B SHEANPaF s Rt er 2t oo, 28
cutting apparsivesof thabriginhiStable byOOKPi B eefuphébceddhryith align Rentdpsghdct i ng at
right angles in a grid pattern, that does not require replacenent of a
fixing tabl &ody withgespess touthekasvetabledpisettingsit aigears om e talklqand thereafiat pygrthent  of
t he workpi ece with rgs&eﬁt to.an m/tixing tabl e for re-se%ting.the
encapsulated body along cutting lines in another direction. ~ A reason tor performing
these operations is that, for the purpose of avoiding wear of the table (fixing table)
15 supporting the work (encapsulated body to be cut), it is necessary to allow an abrasive
waterjet to pass through the grooves provided in the table (see Japanese Patent
Laying-Open No. 2000-000767, pp. 2-4, Table 14 in Fig. 4 of Figs. 1-4). Accordingly,
the abrasive waterjet having been used for cutting the work (encapsulated body)
supported on the new table is passed through the grooves and thereafter collected by the
20 catcher without contacting the new table. This technique requires two tables and thus
the cost for the apparatus is increased. Further, since it is necessary to align the
encapsulated body with respect to the new table for setting it again on the new table,
working efficiency is reduced. Furthermore, the dimensional accuracy (such as
position and angle) in cutting could be deteriorated.
25 SUMMARY OF THE INVENTION
An object of the present invention is to provide a cutting apparatus that cuts a

workpiece along cutting lines intersecting at right angles in a grid pattern, that does not

require replacement of a fixing table fixing the workpiece and thus does not require

.



wor kpi ece on the new fixing table, and that can prevent increase in cost for
the apparatus, reduction in working efficiency and deterioration in

di mensi onal accuracy in cutting. 5 Wth the purpose of achieving the
above-descri bed object, a cutting apparatus according to the present
invention is a cutting apparatus jetting, at a high pressure, water
contai ni ng abrasive grains froma nozzle so as to cut a workpi ece al ong
cutting lines extending in two intersecting directions. The cutting
apparatus includes: a fixing table fixing the workpiece; groove portions
provided in the fixing table at respective 10 positions below the cutting

| i nes; protruded portions provided in respective regions of the fixing

t abl e ot her alighatent ethe neripieseavitiheesprcd av & ngo fikingnsblafee rpseingleitt i n a manner
that the workpi ece contacts the protruded portions; support portions
provi ded t oWORIfcEOn thoveew, figing tehle) apd that casPrevans ingredsaln eost orpkg al lel with a

cutting lin i 0. . | L i: .1 he
ar oove por t TRL R b shor RSB A abidfalallSn B AFEHBRT ABABRY . ons
to each ot hgittihg) at | east a part of an outer periphery of the fixing table;
and protection nenbers attachably and detachably provided to cover the
suppor  porti onsWithtge puipose of ashievingishe ebavealeprived abigct o cultingwpparetuaat er

t ai ni b ' i .t o i.npi i nst the | tecgti nb d
Cher eby  pr eBSHISTHD HEPEST dRYRPH I U RL AR S RE. TAdTET RSP ng agai nst

the support wRRF tbiiRing2Brdsive WiSinS bl b 3RRE 5 & Sut AGF K ieE@alBﬁ% bitginpr esent

i nvention, the protection nbers nay be made of a materi al gher~in
har dness t hhmestelttending aisiweintgragcniag difbationsit t Thegoudtpnappacsusiododeti adixing t he

present invention further includes a wall r er. provided at the outer
peri phery ofabjafdang filpr\@r %tsqeegfwetpﬁgloaapw@gg? ther %&ﬂaghgt resPetiVer i ng of
t he er cptalni i i PERES; . l e 25
to an bdet a@ﬁ%ﬁ@ b?g)gfnﬁ t% %E{tﬁ)}%%%p?%ﬁdgﬁg)ﬁﬁ@c{n%g proe?égg?%ﬁagn/g%%%%y be
i nserted tothetflxéngable\vehep thidni regisns Whereshagreowhpsreiohdigre\padHdetle ihe mahser

detached. According to the present invention, since the protection nenbers
are at t achabay theaverkpiseeeaiants themsotreried postinsy PP POINTS BFAVidRditei ons, t he

encapsul at edohatint Sritlien b ol WarkR) AGSIERRY o o LG ThE ExERAMEI: "

least one of the two directions along the groove portions; a frame portion provided to

15 connect the support portions to each other in at least a part of an outer periphery of the
fixing table; and protection members attachably and detachably provided to cover the
support portions. The protection members are provided to allow the water containing
abrasive grains to impinge against the protection members and thereby prevent the water
containing abrasive grains from impinging against the support portions.

20 In the cutting apparatus according to the present invention, the protection
members may be made of a material higher in hardness than the abrasive grains.

The cutting apparatus according to the present invention further includes a wall
member provided at the outer periphery of the fixing table for the purpose of preventing
scattering of the water containing abrasive grains. The wall member may be attachable

25 to and detachable from the fixing table and the protection members may be inserted to
the groove portions in a state where the wall member is detached.

According to the present invention, since the protection members are attachably

and detachably provided to cover the support portions, the encapsulated body is cut
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portions. Accordingly, w thout wear of the fixing table, the encapsul ated
body is out in two intersecting directions by neans of the sanme fixing
table. In other words, in the case where the encapsulated body is cut in
two intersecting directions, it is unnecessary 5 to prepare two types of
fixing tables, to replace the fixing table and to align the encapsul ated
body. Therefore, in the case where the encapsul ated body is cut al ong
cutting lines in two intersecting directions, the cost for the fixing table
is reduced and reduction in working efficiency and deterioration in

di mensi onal accuracy (such as position and angle) in cutting are prevented.
10 Further, since the protection nenbers are nade of a material higher in
har dness t athouthmpmigementwed tigy wates cont@aing @abratikie gfainsi agginktathe supsorpr event ed
and the lifetime of the_ protection nmepbers is extended. Furthernpre, the

wal | menber PPEORE -t a%??é?Eﬁ‘?glbn‘tﬂ‘tM Heaned he fringtahl the encapsulaiedbodyis fitiRer y of

the fixing WﬂL?ergélﬂn 'dﬁ'eclti%ﬁ %ﬁlte svm sa%eﬁﬁ\@ ab CCMéthe?rv@?&@ﬁﬂ%Q the 15

pr ot ection nenpers ar |nser e gr oov

processi ng edsetihere ﬂlbéhdﬁ@sﬁlﬁbﬂboaﬁls&uv\mq{x@ 1ht6ﬁsbbtd‘lgf'tﬁrd‘c’ﬂ@n§/\/&|1é uffRRBREryl S
facilitated and thus the fixing table can be reduced in price. In addition,

such oper at FOPISPS tWAsxRes PhGXiaA trbigst to ieplageihe fiingriphle andito pligattbet i | on menbers

ot ures, - abpeRtAneERAR FreRfie b Tase e it SRGpRGRRORDA S PBECCore

nor e appar eaimﬁg fRastih ewd Htérovdting detedtaink etﬂe g6t €orl tRE iRing Qhblé ﬂ&edﬁe@%ﬂ@t
i nventi on when taken in c%g uncfion with the acconpanyi ng draw ngs. BRI EF

DESCRI PTI C]\lre@!ctmﬂanwwgl diingy and deterigratoreinrdiperseanals eccdiagy (sueh asf pi pe
systens, schenmmticall respective structures of cutting apparatuses
accordi ng tB°$?9%ﬁ£% k%ﬂ}?ﬁngﬁﬂBdF%@HFQ 25 the present i nventi on,
respegpi vely. Fi gyrferl s°1nc% tHé‘PPdt@énoﬁrnQe%?oeﬁeé}E nabr X'rrﬁa‘ﬂér(?jx Hl‘g’né}‘?m%afﬁﬁ &
portion of a nozzle used a cutting apparatus according to a
enbodi nent tfantiecatpasiseegrbing, wean tof tre. fixingrablé id reeenpal andathe hfems&—ofehet [ onal
vieM/shomjng, in an eq}arged sé%te, atip portion -4 of the nozzle in Fig.
5. rotection members 15 extended.

Furthermore, the wall member is attachably and detachably provided at the outer

periphery of the fixing table and, in the state where the wall member is detached, the
15 protection members are inserted into the grooves. Accordingly, the processing of the
fixing table as a whole including the wall member is facilitated and thus the fixing table
can be reduced in price. In addition, such operations as inserting and fitting for
example the protection members in the groove portions are facilitated.
The foregoing and other objects, features, aspects and advantages of the present
20 invention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1 to 4 are respective diagrams of pipe systems, schematically showing
respective structures of cutting apparatuses according to first to fourth embodiments of
25 the present invention, respectively.
Fig. 5 is a partial cross-sectional view showing a main portion of a nozzle used
for a cutting apparatus according to a fifth embodiment of the present invention.

Fig. 6 is a partial cross-sectional view showing, in an enlarged state, a tip portion
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Fig. 7 is a perspective view schematically showing a structure of an
encapsul ated body used for a cutting apparatus according to a sixth

enbodi ment of the present invention. 5 Fig. 8 is a perspective view
schematically showing a structure of a fixing table wused for the cutting
apparatus according to the sixth enbodi nent of the present invention. Fig.
9 shows a cross section in the Y direction of protruded portions of the
fixing table in Fig. 8 10 Fig. 10 shows a cross section in the X direction
of grooves of the fixing table in Fig. 8 Fig. 11 is a perspective view
schematically showing a structure of an encapsul ated body used for a

nodi fication of the cutting apparatus according to the sixth enbodi nent of
t he present of tieewtiloin Figss.Fig. 12 is a perspective view schematically
showing a structure of a fixing table wused for the nodification of the
cutting appar at u§igaddot BETERECHYE Vigw sshematicalipdgmingt stoacturerns ap eagapsulated

i nventi on. = T Rg%%) | | follow ng, a
cutting appmseggrq;%ugef%%aﬁeln Elcs cflegsEtCIX% Xetg/%vr[}l\:l-g? ﬂlﬂ%ﬂ%gf@? QF%S(éI\ge to the
drawi ngs. Theestidd | Ng apparatus jets, at a high pressure, water containing
abrasive grains froma nozzle (11) so as to cut a workpi ece (28) along
cutting |ines (638ig 643a parspastiveiyiew sshemasicaliyt shoswng 4 stguatunead aifsung talile

cutting apparatus_includes: a fixing. table (66) fixin e wor kpi ece (28);
o oove. por © BIIOF dis RS g PP AL e ting 0 HE PR3 Emod HBfeot 6 Rty
respective pRehidons below the cutting |lines; protruded portions (67)
provided in regions of the fixing table (66) other than regi ons where the
groove portions FGBXsh68¥) carsesequoowi thed! directian wh pregrudeth adrtiohe ofdrekixingc e
(28) contact t.h%agrotruded portions; support portions (69) provided to
connect the“’g?lleo'ln d portions (67) substantially in parallel -5 wth a

cutting line (64yLxheRsNIcdols etibf fSthe XErddliok B?glto‘e@esd&rtﬁghjd?@%b{fé fing the

groove
Fig. 8.

—t
—

Fig. 11 is a perspective view schematically showing a structure of an
encapsulated body used for a modification of the cutting apparatus according to the
sixth embodiment of the present invention.

15 Fig. 12 is a perspective view schematically showing a structure of a fixing table
used for the modification of the cutting apparatus according to the sixth embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, a cutting apparatus of an embodiment is described with

20 reference to the drawings.

The cutting apparatus jets, at a high pressure, water containing abrasive grains
from a nozzle (11) so as to cut a workpiece (28) along cutting lines (63, 64) extending
in two intersecting directions. The cutting apparatus includes: a fixing table (66) fixing
the workpiece (28); groove portions (68X, 68Y) provided in the fixing table (66) at

25 respective positions below the cutting lines; protruded portions (67) provided in regions
of the fixing table (66) other than regions where the groove portions (68X, 68Y) are
provided, in a manner that the workpiece (28) contacts the protruded portions; support

portions (69) provided to connect the protruded portions (67) substantially in parallel
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portions (68X, 68Y); a frame portion (70) provided to connect the support
portions (69) to each other in at |least a part of the outer periphery of
the fixing table (66); and protection nenbers (74) attachably and
detachably provided to cover the support 5 portions (69). The protection
menbers (74) are provided for the purpose of allowing the water containing
abrasive grains to inpinge against the protection nenbers (74) and thereby
preventing the water containing abrasive grains frominpingi ng agai nst the
support portions (69). The protection nenbers (74) are nmade of a materi al

hi gher in hardness than the abrasive grains. The cutting apparatus further
i ncludes a wall 10 nenber (77) provided at the outer periphery of the fixing
tabl e (66) fwath aduwtiggilinedé4) extendpreeu enieastgnt b theatverdieondrai alvngthalgraseve

grains fromscattering. . The wall nenber (77), ,is attachable to and
det achabl o PPEIRNE KX EEY o Frame gozt@@)ﬁom{eg@edm%e@ﬁ § SRRAEROTHORS  wal |

menber (77) (4 . 8 i 7 i ipnto the
gr ooves( (%Sgég tg%}?{l&%% IE%PE:? # é%gtﬁﬂr%gﬂ?ﬁg{?ﬁ@?&eoﬁ%%ﬁﬁ%%@ ge;(tét%ﬂeahgut ting
appar at us aprmediongndmber T 4p aschably iany detaétablyi Fovided oy ddvedtheisuppsref erence to

Fig. 1. Fig. 1 is a diagramof a pipe system schematically show ng a
struct 8re oPOFtipas ¢t i A eam%ﬂt@tlmer@t@é%&d) plg Providedefop thespuipossrfalpyvingt . | t

is noted th a [ awi.n ef.erred to.in the foll.owm ng descripti i S
schenat cal 11 SHELFUBEHRR LR Gl sPirbd S SR MRRA ST FeBis el are
enphasi zed yhess ;ﬁf%nﬁ@% tiRtvwatédontdififg 8GR QvOEraRe MonRSSAE A BsHing thdVbr eover
in connection with the followi ng enbodinents each, a description is given
of a case wiepporaperaan(99)l altedrbisdiron memhers §74)seerinede dfie materighhigberan t he

i ke m)unte?1 on a.circuit hoard.are.encapsul at ed aéltnto e{ er inresinis
cut along g frdipﬁ%?ttﬁ@r © ULV HE A Pne Fﬁ't“gif‘%é@ﬁr?ﬂjs hef Bt S, In this
case, 19 25 Hle%ﬂe}’(’ﬂ%}%%\ﬁ&e% 4 Wild d3& é%ﬁ&:héﬂy%x&sﬁﬁfé ﬂab@%@) fE)HTtﬁe';SIHpM\éeQifh of

approximately 200 mare required. e cutting apparatus shown 1h Fig. 1 has
a syst em of preehiingthestager containnigabngsiveadyaias from sgatsérimg. afTha wallghembez$ETr e,

o e YL e TRIEI. 35 (SEEE OB LY. Ry BuE SRR B el e
wall member (77) is detached, the protection members (74) are inserted into the grooves
(68X, 68Y).
15 First Embodiment
A first embodiment of the cutting apparatus according to the present invention is
described with reference to Fig. 1. Fig. 1 is a diagram of a pipe system, schematically
showing a structure of the cutting apparatus according to the present embodiment. It
is noted that any drawing referred to in the following description is schematically shown
20 in which some parts are not shown or some parts are emphasized where appropriate for
the sake of easy understanding. Moreover, in connection with the following
embodiments each, a description is given of a case where an encapsulated body in which
semiconductor chips or the like mounted on a circuit board are encapsulated all together
in resin is cut along grid-pattern cutting lines intersecting at right angles. In this case, a
25 highly accurate cutting position as well as a cutting width of approximately 200 pum are
required.
The cutting apparatus shown in Fig. 1 has a system of jetting water containing

abrasive grains at a high pressure, and the system has components as described below.
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supplied froma water source 1, a swtch valve 3 connected to hi gh-pressure
punmp 2, a first tank 5 connected to switch valve 3 via a first inlet-side
wat er pipe 4, and a second tank 7 connected to switch valve 3 via a second
inlet-side water pipe 6. The 5 conmponents further include a first

outl et-side water pipe 8 connected to the first tank 5 and a second

outl et-side water pipe 9 connected to the second tank 7. Furthernore, the
conponents include a nozzle pipe 10 connected to a portion where the first
outl et-side water pipe 8 and the second outl et-side water pipe 9 are
connected, and a nozzle 11 for cutting that is connected to nozzle pipe 10.
The first tank 5 and the 10 second tank 7 are substantially filled with

wat er cont aThe ngmpdrreatsiinaudpraligls-prdsaure pumpe iatreasing/the grasurs ofimaterade of such
a material as 1%5%C0n carbide (SiC, .alum_na (A1203) .or garnet and have a

grain di anef@PIE0 BPMARREKIqEEEe] -y shatchyalved gepnecigdtoduah-REsy BUmP Lpei fi ¢
gravity |ar 1 . t Wr 5 and
t he second tﬂt;sF] &g%;beoégeecg%gﬁwcﬁgg{v géélﬁ?gf??“é?%isg&eg"éar@@ﬁéhi aan%%%fi in

whi ch 15 t heankbr@shsedtoaiwitch palee Bpid aseoad thiaoidenditagpipe bheThati o of the

abrasiyve grains is high as, well as |owratio portions 14 and 15 in which
wat er BccupFaBpeiiepsdurthgsanclyde; a irstonitetside watqrapipeo® copseeted tortherfirsttank f o of

abrasive o gli9s B84 SR AL R0 LIS, BRLAS e LA AR b0 FiRRREET

cont ai ni ng rasrvegrains her €éi'na

Further, tHR dogfponédidinchi€ahbrAé p?@do%@ﬁ@éfé@bdtt@%l&:%r@on Whée@h&Afsh
"substantially filled" with water 20 contai ni ng abrasi ve grains neans any

case i ncl udbntetisie waterpiph&aed thefsevondi qutletikillé watep pipeHare esnneeterl, and o t he
tank (the neaning s the sanme hereinafter Furi herpore, since .switch is
made bet weeRoTHoCt o Shtg TS RIS AL SBB PRk 7 RATBoeHe sand SHef o abl y
the fiprst &léyaﬁd?arﬁnﬂarEQ@os&%ﬁ?{}ﬁﬁﬂeﬂ%tﬂw%y@or%tgiﬁin%% sv@RpfAd Y. The cutting
apparatus shown in Fig. 1 inc es a system of supplying~abrasive 25 grains
to the first tanKebe, ardabrisereggaionaretnaate of sachth mhrerislysstséieon cadbidtgSi©pnponent s

as described bel ow. The conponents include an abrasive tank 16 storing
wat er i n whileming (#dQ:) 01 garaet andhavg ¢ erair dipmeter 4 of pppyoxwiely A8 1@ PO HEY er r ed

025 STt o8BI T PARAL e AR e, o
wat er from gfkasindehé sdtlsnd fank ThespeefiednRiokude hightrB€s portiehs! U2 and 13 in which
15 the abrasive grains precipitate and accordingly the ratio of the abrasive grains is high as
well as low-ratio portions 14 and 15 in which water occupies almost the entire content.
"Ratio" herein means "ratio of abrasive grains in water containing the abrasive grains to
the water containing the abrasive grains" (the meaning is the same hereinafter). Further,
the fact that the first and second tanks 5, 7 are each "substantially filled" with water
20 containing abrasive grains means any case including the case where a few air bubbles or
spaces remain in the tank (the meaning is the same hereinafter). Furthermore, since
switch is made between the first tank 5 and the second tank 7 to be used, preferably the
first tank 5 and the second tank 7 have the same capacity.
The cutting apparatus shown in Fig. 1 includes a system of supplying abrasive
25 grains to the first tank 5 and the second tank 7 and the system includes components as
described below. The components include an abrasive tank 16 storing water in which
the ratio of abrasive grains is high (hereinafter referred to as "high-ratio water") and an

extrusion pump 17 that supplies pressurized water to abrasive tank 16 and thereby
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an abrasive supply pipe 18 supplying the high-ratio water extruded from
abrasive tank 16 to the first tank 5 and the second tank 7, a first
abrasive supply valve 19 provided at a portion of abrasive supply pipe 18
that leads to the first tank 5, and a second abrasive 5 supply val ve 20
provi ded at a portion of abrasive supply pipe 18 that |leads to the second
tank 7. Furthernore, the conponents include a return pipe 21 returning, in
the case where the high-ratio water is supplied, water overflowi ng fromthe
first tank 5 and the second tank 7 back into abrasive tank 16, a first
return valve 22 provided at a portion of return pipe 21 that |eads to the
first tank 5, and a second return valve 23 provided at a 10 portion of
return pipeediudebdie Higlaehsiotvaatémfeors abraside tankki 67. The cblmpsneaysuetiter mckydé er
supply valve 24 for supplying water fromthe outside to abrasive supply
pi pe 18 is #tarHEISUPRY Ribfld wlmﬁwthé#u&hrféﬂ@ Jates Prey Qﬂ!efg@n |ab@élvat§%s$e

3uPPl YT NG abg 511 81 A5 Ok el 73S BEAN PR afe 18 pebffed prat and

second tanks are su anti a vvate COI’] ng abrasi ve

grains all & pertionnf abdsivEsigphepipe U@@heﬁ Watlh frothe Fparaikus aﬁﬂ'@%cdrfd dorddivel
i ncludes a systen1of appropriately keeping the ratio of abrasive grains in
the fibst tsumphsvayrilQ previsied ahaipersian of abrasive sup@ly ppsi®thahlesds teetht sedondi ng

t t d d 26
Do hRT, T ITRBARRES, heCatiaheRisindide £ RMRR bk B Rne R AR G o L ack

7 and conpr;pegd th@ﬁigﬁfrﬁﬁd/%bér af subpiad, 6ater dverfldiidiSrom the Airdi Ank ¥h@The a
control unit 20 (controller) CNT Is provided that receives signals fromthe

first and sssond tarisack 126 ,abra%e tanlf 16ah fitst a¢tes) vabeRiorovidedwet ghosioofof t he

wat er containi ng.abra s |n t st and secopd tanks 5 7 based
on the signHt 'éthSpecélnﬁ\ab]Iea E%t an %S‘??QP‘?/éeéurérY&P veZdri5eViged ate

cuttl 59, aPPRERHSFASAIN ﬁ?ﬂm feadﬁ e fecohd PER 715 T I S, WhatiudoplT

ure purrp and sw val ve are’virtua
by the 25 bvaked4 |fcbrl‘s&§plyniﬁg veatertfiomi tHel ougsid @focabrastvesnppin pipeN is p dvidiegl.
apparatus shown in Fig. 1 further includes a poving mechani sm (not shown)
novi ng nozzBg tliqmnﬁthm@f the pysteshasdesended ahpre et supplymadbrasye\gsping tothe fipst

o rection, SR ebho BhPe LA St o BT A Lol ) BHES LRGP,
wor kpi ece t eorh@mmgtabraalvfelgm Atheele a nethod as
15 Further, the cutting apparatus shown in Fig. 1 includes a system of appropriately
keeping the ratio of abrasive grains in the first tank 5 and the second tank 7, and the
system has the following components. The components include a first sensor 25 and a
second sensor 26 fixed to respective bottom portions of the first tank 5 and the second
tank 7 and comprised respectively of load cells. Further, in this system, a control unit
20 (controller) CNT is provided that receives signals from the first and second sensors 25,
26 and calculates respective weights of the water containing abrasive grains in the first
and second tanks 5, 7 based on the signals to control such components as valves and
pumps of the cutting apparatus as required. In Fig. 1, lines used by control unit CNT
for controlling high-pressure pump 2 and switch valve 3 are virtually shown by the
25 broken lines while other lines are not shown.
The cutting apparatus shown in Fig. 1 further includes a moving mechanism (not
shown) moving nozzle 11 in the horizontal (XY) direction and the vertical (Z) direction

as well as a fixing table 27. Fixing table 27 is described hereinlater. On fixing table
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sucki ng. The water containing abrasive grains is jetted at a high pressure
fromnozzle 11, and high-pressure water 29 that is the jetted water and
contains the abrasive grains is wused to cut encapsul ated body 28. 5 In the
followi ng, a description is given of a nethod of cutting encapsul ated body
28 that is a workpiece to be cut, by neans of the cutting apparatus in Fig.
1. Firstly, an operation is described of substantially filling the first
and second tanks 5, 7 with water containing abrasive grains. To the first
tank 5 and the second tank 7, water containing abrasive grains is 10
supplied. Accordingly, the first and second tanks 5, 7 are substantially
filled wth the water containing abrasive grains. The operation is

speci fical | 97,z dnobpsolased Hody @B dieat is Dwoskpyiqle\to bhaeutiafieed bpnichianheapodhs asi ve
grains to the first tank 5, the first return valve 22, the first abrasive
suppl y val v&*ckingand hgayaier conigping apsasive raing psdettesed adhighpiessuf i oncnasalg

br asi I : ; ,
et or i< 15 kbR Prepir el 37 uAERREIE N delr B K pdits el U7

wat er suppl usedab\eat 2dbapsudddedisadyegsuppl y pi pe 18 and the first abrasive
supply valve 19 successively. A resultant negative pressure causes the
hi gh-r &tio wat er I# hetfellawiag.cdeseriptionangiabr 662 methodrif caging ererpsnlated-body i o
wat er as su d.out i§ injected, together.with.the water. d.nt.o the .first
tank 5 vi o bR Ao Tpidtt BER e, bPERRANTT M8 ot kB BELD) IS Lo
successi vel Mgergﬁ_olwé@ésérm@d b §ubktah@dlly fifpeBe RREAnd sdcoBd tatikh B, ¥ REthWRdter
contai ning abrasive grains, water Supply valve 24, the first abrasive
suppl y val veort@inmgchbtasevefgraist return valve 22 are closed. Through a

procedure simlar, t he apqve-descri bed e, the second tank 7 can
Substant i ally bo 0t BE AR AHAISECERS (BRalAIoGORBIES B STASS Srier e,

pref enabl y k1 gj raft i i icn Ak aj.ni ng t he
25 abrigsi ve G s “PREr bR, e o 20l ATOKE (AETT Skt Bl e g N L

| east 50% byawslconaini@gabrasivergosihs. 7 OPheypeyaionriesfeoifichiyeasffolldvosv g oréason. A
hi gher ratio provides a higher cutting efficiency and is thus preferable,
whil e a rat PYPPAY Bigeyatencontapong ahyasivs grams tkhedirst tankgp fthe St ety Yahver 2 nl y

TR T SO N NIRRT T T e R et
first and sge@tide supply valve 20 and the second return valve 23 are closed. Then, water is
15 supplied at a predetermined pressure to the first tank 5 via water supply valve 24,
abrasive supply pipe 18 and the first abrasive supply valve 19 successively. A resultant
negative pressure causes the high-ratio water to be sucked out from abrasive tank 16.
The high-ratio water as sucked out is injected, together with the water, into the first
tank 5 via abrasive supply pipe 18 and the first abrasive supply valve 19 successively.
20 When the first tank S has been filled with the water containing abrasive grains, water
supply valve 24, the first abrasive supply valve 19 and the first return valve 22 are closed.
Through a procedure similar to the above-described one, the second tank 7 can
substantially be filled with the water containing abrasive grains.
Here, preferably the original ratio of abrasive grains to the water containing the
25 abrasive grains that fills the first and second tanks S, 7 each is at least 50% by volume
and at most 70% by volume for the following reason. A higher ratio provides a higher
cutting efficiency and is thus preferable, while a ratio higher than 70% by volume makes

it difficult to uniformly distribute abrasive grains within the tank. The original ratio of
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tanks 5, 7 each is determ ned by such factors as the ratio of abrasive
grains to the high-ratio water, and the pressure and quantity of water
injected via water supply valve 24. If the above-described ratio in the
tank exceeds the above-described standard 5 (70% by vol une for exanple) for
sone reason, water may be supplied to the tank by opening water supply

val ve 24. Secondly, with reference to Fig. 1, a description is given of an
operation of cutting encapsul ated body 28 by supplying, to nozzle 11, water
contai ning abrasive grains fromone of the first tank 5 and the second tank
7 each filled with water 10 contai ning abrasive grains, for exanple fromthe
first tank 5. In Fig. 1, presence of flowis represented by the solid |ine

and absenceatabsivégrafins aovtieswatepsonsainihg thdubrishie dosiakehat fills the firdtane sedohé fir st
abr asi ve su&gly valve 19, the first return valve 22, the second abrasive
suppl y val viénks, Geashindeterarnadchy wich facters ay thezatiqphabspsivecgrawa o theur t her

hi gh- pressuy. LS r . .. [1QZ: 1] jane ith
reapect to HerBP et SpdREL ARl AR BIRE B Pt U IR 1

portion of pzzifeheldboaBdeidied t20 if e REE edec@thapbslcadeRetifeddyand8riar e
aligned with respect to each other so that the distance therebetween is a

pr edet er ni n€@”elby velnme forspiample) Jerl spmezrepsony watgr may bp svprdied tothecthalnbel from

hi gh- pressure pu 2 tothe, fjrst inlet-side water pipe 4 and close a flow
channel fro?r?%’i?r@nn@ﬁtte{%‘g’ﬁﬁyeva&?r%"Z to the 20 second inlet-side water pipe 6.

Hi gh- pressure puRBcdiyS withesketdfcStPRkY 1 WPd&EriRonds aiavaho ftforl & the first
tank 5 via the first i'nlet-side water pipe 4.” The ter supplied at a high

pressure st cutting hecapatlaed bodyt 28 by supphing $6 vezzip Bi, natérontamidg atsbsitank 5 so
as to wuniformy distripute abrasjve grai ns and ext es the water

cont ai ni ng S#RsdTaRR ops a%g?‘lf% ta %ﬂ(&/t%f’ﬁ%c%tt@ﬁi‘ 70%{1;&1?;%}2%9@ ve grains
to nozgle 1 - a high: or I i tlety:si i pe 8
and nggzl e %?rg%nﬁé%%gggéﬁl\?%F(S;.e\kﬁ'ﬁafg%lﬁgﬁevs\%tsét?n%gntglanl?'np%ra 1Pg‘{s(l)fl\?e grains

can be | ett fowas reprdsegtbd py emessotié lihe and st3eddecf e fldw Bhrepresssed gy hetbesken29
that is the water jetted at a high pressure and that is the water containing

abrasive gl ndleraythe §ess abrgaive sappbhalys IR, dhetirshistn y8lve 23 el secandxi ng t abl e
27, Aooor 9t Bgltee ool ARVAR) 5 B0 TR Yai592% ks N Al essure
high-pressure pump 2 is operated. Furthermore, nozzle 11 is aligned with respect to a
15 predetermined position of encapsulated body 28 and the tip portion of nozzle 11 and the
top surface of encapsulated body 28 are aligned with respect to each other so that the
distance therebetween is a predetermined distance.
Switch valve 3 is used to open a flow channel from high-pressure pump 2 to the
first inlet-side water pipe 4 and close a flow channel from high-pressure pump 2 to the
20 second inlet-side water pipe 6. High-pressure pump 2 is used to supply water at a high
pressure to the first tank 5 via the first inlet-side water pipe 4. The water supplied at a
high pressure stirs the water containing abrasive grains in the first tank 5 so as to
uniformly distribute abrasive grains and extrudes the water containing abrasive grains to
supply the water containing abrasive grains to nozzle 11 at a high pressure via the first
25 outlet-side water pipe 8 and nozzle pipe 10 successively. Thus, the water containing
abrasive grains can be jetted at a high pressure from nozzle 11. High-pressure water

29 that is the water jetted at a high pressure and that is the water containing abrasive

grains impinges against encapsulated body 28 fixed on fixing table 27. Accordingly,
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body 28. Further, in this state, nozzle 11 is noved at an appropriate speed
in the horizontal (XY) direction to cut encapsul ated body 28. Subsequently,
to nozzle 11 that is noving, water containing abrasive grains is 5 supplied
fromthe first tank 5, and hi gh-pressure water 29 is jetted fromnozzle 11
to cut encapsul ated body 28. As this operation is repeated for a plurality
of encapsul ated bodies 28, the first tank 5 is continuously filled with

wat er contai ni ng abrasive grains by the water injected at a high pressure
fromthe first inlet-side water pipe 4. On the other hand, since abrasives
are flown out of the first tank 5, the ratio of abrasive grains 10 gradually
decreases. The ratio as excessively decreased is not preferable since the
cutting eff kisrasineyraims ntamiy cobiakd i Hdgh-pressuraivackr 20 impinge sgubest wheapsuldad rati o
in the first tank 5 beconmes |ower than a certain value, the use of the

first tank Bo9%2% el Fusehsr. dhEds st na7eledddbA@vedAkamaPPEORTBEFPeRsS .
Speci fi cal l Eoré%%%?ﬁg%gﬂkﬁg’ Cg@én%?égg&g‘fsd’ %(%?sz%d on a signal received from

the first 1 he ra asive grains in the first tank

5 is lower than Subegh&ithy, waldzele 1ankatdemoGNA! Wstet Bentdihing bbiasink ghaidSisa t ank
that has to be replenished with abrasive grains. Control unit CNT uses
swi t chdval veuplied fremabe figsh sank| oand highwessstnesvater 29his jritied Sipmenozzimpl o ew t he

first inlet-side [, pipe nd. gpen the flow.channel fr.om high-pressure
purp 2 ot LR Bhar el S A BN RO s Bt e DL ot BB P ey

abrasi ve grgbdigs 28 tROfiSHRARK 586 cddtRbsREfiIRAGHRN whRP Korfaihgi874hR gkdinyby t he
second outlet-side water pipe 9 and nozzle pipe 10 successively so as to

j et hi gh- pr ¢eswvater iected a8 highqressaetan the fastdnlet-bide siater pipe 42n@mpshel atherd body
28. Here, "a certain value" of the ratiQ descrihed abo is a value

det er ni ned 839 SNy &H@%ﬂ%ﬁsm %IW%P‘é%‘EfSL%IgKSF @F‘grseﬂt?éa%Pg%‘aséYngrﬁH? be 5% by
vol u for re 9 r "a.certain
val urer'['i 0of t%fé‘a%rggl%}?%eclges%%ét f-[?%?%l’%y asﬂ)e%c/evsg?éal\églelwggsteﬂEt"l?otipﬁ&[ﬁﬁgle‘éﬁgcgt ere the
rati o of abratsing effgicatn doRsil@uly detedorabdh by vol une, the cutting efficiency

is considerably reduced. The reason why "a certain value" of the ratio may
be 10% by vol une Ip thetqasg where g ratip in e dirsd ek Hbesemes pwes thagea certain ¥alugdar d

(reference yal ekl MLELAL 3R uddliBAA% AY SONAIELORR HOPRLf ch the

Specifically, control unit CNT determines, based on a signal received from the first

15 sensor 25, that the ratio of abrasive grains in the first tank 5 is lower than a certain value
and designates the first tank 5 as a tank that has to be replenished with abrasive grains.
Control unit CNT uses switch valve 3 to close the flow channel from high-pressure
pump 2 to the first inlet-side water pipe 4 and open the flow channel from high-pressure
pump 2 to the second inlet-side water pipe 6. Thus, water containing abrasive grains is

20 supplied from the second tank 7 to nozzle 11 via the second outlet-side water pipe 9 and
nozzle pipe 10 successively so as to jet high-pressure water 29 from nozzle 11 and
thereby cut encapsulated body 28.

Here, "a certain value" of the ratio described above is a value determined as a

predetermined standard (reference value) and may be 5% by volume for example,

25 preferably 10% by volume. The reason why "a certain value" of the ratio is set to 5%
by volume is that, in the case where the ratio of abrasive grains is lower than 5% by
volume, the cutting efficiency is considerably reduced. The reason why "a certain

value" of the ratio may be 10% by volume is that a certain tolerance provided to the
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wor kpi ece is cut. Calculation of the ratio of abrasive grains in the first
tank 5 is now described. The weight and capacity of the first tank 5 itself
has been known. Further, the first 5 tank 5 is substantially filled with
wat er containing abrasive grains all the tinme. In addition, depending on the
mat eri al of abrasive grains, the specific gravity of the abrasive grains is
determ ned and thus the specific gravity is known. Therefore, in the
following way, the ratio in the first tank 5 can be cal cul ated by control
unit CNT. The first sensor 25 is used to neasure the weight of the first
tank 5 filled with water 10 containing abrasive grains. Then, fromthis

wei ght, the weight of the first tank 5 filled wth only the water (the

wei ght may bendat (refated vahiepd paefetable in apasgihy carditiods wat érywhickeeirur ed) i s
subtracted. The resultant difference corresponds to the weight of the
abrasi ve gr #0fkpigGe 18 . t ank. The weight is divided by the specific gravity

of the abrasive i t ternkne the volu f th brasjve agrains in
Che tank. Based SHEllBnsf iidede ot Afatitetfh et PR BBEISe MR hs ' ana
the capacit th@fwetgh@ aﬁcﬁ@d@abi&;s_@ﬁ the fitdd €arnkad it R1INAs b&R koSt FhiaRdk, Eheffﬁr@t be

cal cul ated. Therefore, the first sensor 25 neasures, as a substitute

char actoer i stank,5 is lgebsysitighy fidegd witle water sentpinivig abrasivie|gsainslt the fimeer Izont ai ni ng

abr asi ve grai ich corrpespond detection.of t rat.j o abr asi ve

r o ns 1 n s Aoy SEBelhe S R SRERA of ool Ghind g ef ARt be bed one may

be applied bpra6iot gflinsQf d@brnki&d &l ths {HR shétfic dé@vi%ﬁfé%gwhamfhgrefo?@,q{@ﬂ?@ ng to
e

the foregoing description, the operation as scribed is perforned in the
case where follovang wianehe raioiin thef firabtanlks £ wen be aaledatied by hentved tusit (¥Rt ailhé ng t he

T T e
t anks 7 i i |y use d : | sive
or i na® ' ¢ omERHe BHAND dhalis HRA ot ARAEAUADalgH! BFHE T ol s BINES! ol

the other t aith drdy theechtémSliccaeighth@nbe daiemilapetbdsad bn the daphadity drsetually
relinquished is replenished with abrasive grains. Thirdly, with reference to
Fig. 1, a da&sapyrpdispubteactgdy edhefesyhians giffesences gorrasnonds ta the weight ofifr e t he

use of one tanis L B MYk the Afk " A wabnAR IR A By IR LG Srasive
grains to determine the volume of the abrasive grains in the tank. Based on the volume
15 thus determined of the abrasive grains and the capacity of the tank itself, the ratio in the
first tank 5 can be calculated. Therefore, the first sensor 25 measures, as a substitute
characteristic, the weight of the first tank S filled with water containing abrasive grains,
which corresponds to detection of the ratio of abrasive grains in the first tank 5. A
similar method to the above-described one may be applied to detection of the ratio in the
20 second tank 7.

According to the foregoing description, the operation as described is performed
in the case where the original ratio of abrasive grains in the water containing the
abrasive grains that fills the first and second tanks S, 7 each is high, namely the operation
in the initial state. ~As one of the first and second tanks 5, 7 is continuously used and

25 consequently the ratio of abrasive grains in that tank decreases, the use of that one tank
is relinquished and the other tank is used instead. Then, the one tank with its use
relinquished is replenished with abrasive grains.

Thirdly, with reference to Fig. 1, a description is given of an operation in the
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relinqui shed and the other tank is to be used instead, specifically the
operation of replenishing that one tank with abrasive grains. In Fig. 1,
the other tank being used is the first tank 5 and the one tank repl eni shed
wi th abrasive grains after the use thereof is 5 relinquished is the second
tank 7. In order to supply water containing abrasive grains to the second
tank 7 with its wuse relinquished, the first abrasive supply valve 19 and
the first return valve 22 are closed while the second return valve 23, the
second abrasive supply valve 20 and water supply valve 24 are opened. Via
wat er supply valve 24, abrasive supply pipe 18 and 10 the second abrasive
supply val ve 20 successively, water is supplied at a predeterm ned pressure

to the secopdievhbte the ube 6B thilin vitegtothe Y& D6 Gais @ecrésedisr ati o wat er
to be sucked out from abrasive tank 16. The high-ratio water as sucked is

i njected ttljpquighedwnd whe etberfanleis te be upas ingeash dpecifivklly theioperaipasfve suppl y

pi pe 18 and_t he. sec abr asi ve .supply val v 0 cessively.. 15 en t he
second tankre?[]eﬁ]e? nggfz}ﬂ QW’FT%&”\%‘ ?}?{ai?\%et%'f’m&onﬁlaﬁ%ﬁi ﬁgﬁ%%t?lgrsﬁa{}légﬁlpﬁiuﬁ 1S wat er
supply val vehedist thdles aRE RO nBRARSEMEnisHEARh Mrhdve2Samb dftéBe SREMREEOE AL UM N
valve 23 are closed. In this state, the second tank 7 is on standby until

t he rabi o i relinguastfednsthe secorid thkcbres | ower than a certain value. The ratio

in the water confaini ng abrasive rai.ns that fiJls the secon ank 7 is
det er mi ned by su@"norgﬁ% oTeP sWact?feCO?lE?ErP%g &ra%ﬁr%@inééo%sﬁ?%dﬁéﬁf&u“f‘ ts

hi gh-rat i o yalehingislel e ALESHHLEe ANIINAILIY dhddhe MR Rl VaRELAG YT @ vat er

supply valve 2 As descri be ove, ing to e present enbodi nent,
t he use of olosedtwinle the seasind cétutrmenivesdsi, thealecarialr #bsasive syppliy walve@0raad seseri S
relinqui shed and the other tank _i.s used instead, Accprdinqud whi | € one
tank i s repPRDSYRRYE 2 418 ORBReds Wda yiler seppiywales 24 3beasive sPpRlv ipsdSa8dv e

'?'Lgir 2 8?2? Pr% s%&ﬂrlal aib? i/\felrjsﬁpl}l& 5'/'?1[\/9 "28%?0%?5%1}% S%a%é??s &%éﬁéaeatzao re&éf&rtninif?&i

e capacl atron o i ng paratus 1S renarkably

enhanced.  BiksdReto theisBeshdwatle?. CARésaitattMggatiiefRésthie-odises highirheld valkdrasi ve
grains is supplied to the nozzle, wear of the nozzle and pipes is

suppr essed hashokpdonoFomabeasivasankr®. i Theihightratip eater ag Jucked iciipsteded with t he
case where gr P bR e wlled L' heSeconditad™ §53' s Buphly b3R18%hY e deond
abrasive supply valve 20 successively.
15 When the second tank 7 has been filled with water containing abrasive grains,
water supply valve 24, the second abrasive supply vale 20 and the second return valve
23 are closed. In this state, the second tank 7 is on standby until the ratio in the first
tank becomes lower than a certain value. The ratio in the water containing abrasive
grains that fills the second tank 7 is determined by such factors as the ratio of abrasive
20 grains in the high-ratio water and the pressure and quantity of water injected via water
supply valve 24.

As described above, according to the present embodiment, the use of one tank in
which the ratio of abrasive grains decreases is relinquished and the other tank is used
instead. Accordingly, while one tank is replenished with abrasive grains, water

25 containing abrasive grains can be supplied from the other tank to the nozzle for cutting.
Therefore, the capacity utilization of the cutting apparatus is remarkably enhanced.
Further, since water containing uniformly-distributed abrasive grains is supplied to the

nozzle, wear of the nozzle and pipes is suppressed and the nozzle structure is simplified
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used. Second Enbodi nent Wth reference to Fig. 2, a second enbodi nent of the
cutting apparatus 5 according to the present invention is described. Fig. 2
is a diagramof a pipe system schematically showing a structure of the
cutting apparatus according to the present enbodinment. In any draw ng
referred to in the foll ow ng description, the same conponent as that shown
in Fig. 1 is denoted by the sane reference character and the description
thereof is not repeated. 10 In the cutting apparatus shown in Fig. 2, a
first inlet-side open/close valve 30 is provided to the first inlet-side
wat er pipe 4 and a second inlet-side open/close valve 31 is provided to the
second inlet-side water pipe 6, instead of switch valve 3 in Fig. 1. Wth
this cuttings egppared withale vast wheefdreabrasisé graimarortveet tabasiee gfairdst{abmasité) ing
apparatus in the first enbodi nent can be obtained. 15 Third Enbodi nent Wth
reference tH“ﬁig. 3, athird enbodinent of the cutting apparatus according
to the present iﬁg&Egﬁﬁhéﬁnx scribed. Fig. 3 is a diagramof a pipe system
schematically showng a structure of the cutting apparatus according to the
present enbodi M#Vith referbm@ttt Fep. Qf a bdveond vinbbdigheapptha uising Bppdigtupr esent

enbodi nent is that a 20 nmechani sm of preventing abrasive grains from

remai niong i AT HBS 1 BleHIRsgnidpvension ésdesertbedt nEig 2nse diagram of apige s¥eBecond
tank 7 (the_pi i i n e . i referred
o as * downdPieEReAD N ERe DL SEIE aPRr Bl oBiBnge et efl s 1t °L ank
5 is speci fiefdbdiyheHes hiahe dravay refirtdd th ietHRUbPOSRg AbsdRipEYE Ihd &nabr asi ve
grains fromremaining in the downstreamsi de pipe, nanely the pipe fromthe
first 25 outchmpongntes that howsiipdig ltipderoted by the same neferenes charaofer ang fleyi ng

wat er cont ai ni n abr.asi ve i,n at a high pressure to the

.o ra
downst r eam $FY lgﬂ?rbg’ef?ftfrr&}irﬁéat.edi f abrasive grains remain in the

downstijpeam si de ph B8R cubtig dpParafisdA6®n INFiENE PfiReinlddeldR¥PEFcloddWave 3Gis | S
likely to occur that the downstreamside pipe is clogged with abrasive

grai ns and tphosded-td4hd fust mbgpacietwatertpipe 4 atd Drecohd iriet-sidet dpengloappalvaBliss coul d
be deteri or %troev?dedltg t}Fljeasretci)r(l:cij {n?ert-’sidierxlwater pipe 6, instead of switch valve 3 inFig. 1. With
this cutting apparatus as well, effects similar to those of the cutting apparatus in the first
embodiment can be obtained.
15 Third Embodiment
With reference to Fig. 3, a third embodiment of the cutting apparatus according
to the present invention is described. Fig. 3 is a diagram of a pipe system,
schematically showing a structure of the cutting apparatus according to the present
embodiment. A feature of the cutting apparatus in the present embodiment is that a
20 mechanism of preventing abrasive grains from remaining in pipes located downstream of
the first tank 5 and the second tank 7 (the pipes include valves and nozzle 11 and are
hereinafter referred to as "downstream-side pipe"). A pipe system associated with the
first tank 5 is specifically described now. With the purpose of preventing abrasive
grains from remaining in the downstream-side pipe, namely the pipe from the first
25 outlet-side water pipe 8 to nozzle 11, a mechanism of supplying water containing no
abrasive grain at a high pressure to the downstream-side pipe is provided. If abrasive

grains remain in the downstream-side pipe, the resistance in the pipe increases. Thus, it

is likely to occur that the downstream-side pipe is clogged with abrasive grains and thus
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the case where a jet outlet and a snall-dianeter flow channel are small in
dianeter and snall-dianeter abrasive grains are used |like the case where an
encapsul ated body in which sem conductor chips or the like nounted on a
circuit board are encapsulated all 5 together inresinis to be cut,
clogging with abrasive grains is a serious problem Therefore, in order to
prevent such clogging, preferably the state where abrasive grains remain in
t he downstream si de pipes is avoided. The cutting apparatus shown in Fig, 3
i ncludes a system of supplying, at a high pressure, water containing no
abrasive grain to the downstreamsi de pipe, and the 10 system has the
foll ow ng conponents. The conponents associated with the first tank 5 are

descri bed bﬂidhﬂpaﬁh&tﬁiﬁiﬁdn@tﬁ@@.ﬁﬁﬂ% WSpatdi6d ctibbe OdtefibratedOWNSparEidinside of
the first inlet-side open/close valve 30, a first bypass pipe 32 connecting

the first i theeassvhiere ajet @leppisea smalhdiampisr flowssthaonel hestsmail de diamretar apd pe 8
without the first tank,5 therebetween,... e cutting apparatus,.,al so includes
A first aneeaime el P SRR O e dRE o F e el e et or
pi pe 4 and Rafnegmidonudtbr SipdRAS fkdinBentdL oRALirEEbbdrl 3te dRBSsutedRIE
cuttln%fapparatus includes a first outlet-side open/close valve 34 provided

t o theofir stogether iretesigiisio hwadudrclpggieg Bithablativd pres i$ deerfaus protibgmass pi pe 32
and the nozzle pipe 10 Simlarly, the cutting, apparatus ingcludes a second
bypass pi pe 156 RBan bl 10 AR sHEh PLABEE FrakiinIBe s Wherkbmavearaies - < de
open/ cl ose Y&%Mﬁhﬁ%e%%wﬁ&ﬂﬁﬂﬂﬁﬁé2@%93@@8@8&ated with the second tank 7. The
positional relation between these conponents is simlar to that between

correspondi ng coffihereting apparhtue showsin Rigrikinbludesnalsytstens of dupplythgs atra highon

thereof is not repeated here. In the follow ng, a description is given of a
met hod of cBISPHE WHERGNAIBNG 40 BBERSIVE Brpin m@eggwastmﬂkﬁﬂ%ex@ewdﬁéecut, usi ng

et hod o A e <pree: cut, us
cut i n5 encanear Beue solbibeprioorithlss) ks oAipdrnfERK G i SERET LRG3l e

fromthe fingdddsadtledDelow. NOR @ittlng apparatid@ndhidscon therdooaistemt side betigecond
outl et-si de open/close valve 37, the_ second tank open/close valve 36 and
t he second ifinftétletssidreonsnéyselvelye 30a2 fiest Byprsgpipe 3P connecting the|fgsidalethiie e t he

first outl ety sl de,OPSH Gk 20G oAby Suburel PSe B iftout AVEOPEN SOSG¥RLAS 33
The cutting apparatus also includes a first tank open/close valve 33 provided to the first
15 inlet-side water pipe 4 and between the first bypass pipe 32 and the first tank 5. The
cutting apparatus includes a first outlet-side open/close valve 34 provided to the first
outlet-side water pipe 8 and between the first bypass pipe 32 and the nozzle pipe 10.
Similarly, the cutting apparatus includes a second bypass pipe 35, a second tank
open/close valve 36 and a second outlet-side open/close valve 37 as components
20 associated with the second tank 7. The positional relation between these components
is similar to that between corresponding components of the first tank 5, and thus the
description thereof is not repeated here.
In the following, a description is given of a method of cutting encapsulated body
28 that is a workpiece to be cut, using the cutting apparatus in Fig. 3. Firstly, an
25 operation is described of cutting encapsulated body 28 by supplying water containing
abrasive grains from the first tank 5 to nozzle 11.
In the present embodiment, the second outlet-side open/close valve 37, the

second tank open/close valve 36 and the second inlet-side open/close valve 31 are all
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and the first inlet-side open/close valve 30 are opened. Accordingly, water
injected at a high pressure fromthe first inlet-side water pipe 4 into the
first tank 5 stirs water containing abrasive grains in the first tank 5 and
t her eby causes abrasive grains to 5 distribute uniformy and extrudes the
wat er containing abrasive grains into the first outlet-side water pipe 8.
Further, water containing no abrasive grain is supplied at a high pressure
to the first outlet-side water pipe 8 via the first bypass pipe 32. A

resul tant negative pressure allows water containing abrasive grains to be
sucked out fromthe first tank 5. Thus, via the first outlet-side water
pi pe 8 and nozzle pipe 10 10 successively, water containing abrasive grains
can be suppldaedd wulethedirs duitletsidaopéngtioseprabsSdr the fifbiutank opanédoseonatvaiizi ng

abrasive grains can be jetted at a high pressure from_ nozzle 11. Secondly,
an operat i orimgithesﬁﬁtp‘ F-ﬁ'g,e OREN/Glosh @llveg’roeggGP‘é‘?ed\NafqéFo@Hﬂfyai“fﬁt?{dnlﬁﬁeg%r asi ve
grain to th EARB S | é j k i : i's

descri bed. %fggy\rﬁri%gﬁloperrgttﬁgﬂghgget% oﬁi%g’gdt%lerﬁ ?e o%wnrgg tI\E/\/lehlt{i:‘rks{ecﬂt eTS 5&%&5@% of
preventing aonh@aingeabgishteaihs nthe @rsaitankrioandrithéreby chsesibrssive @hidetgi pe, i n

the case where the operation of cuttin encapsul ated body 28 is_tenporarily
st opped® | n distfikute gaigormiend extridesibe veater sopt@inseshrasivaseraipg inpe thiufirst he fir st

t ank /cl , d ' inlet-sid ! 30
al 1 opened iurFss Al HEr pibe % £hfie Wl bRl o AR B SR b Rl g ©
st at e wher e HiglgpressuestdUhe iy bixlel-side vener pd Bgia the Gt Bipegh Yipelromanozzli e 11,

wat er containing no abrasive grain can be jetted at a hig pressure via the
first inl et -resulfentgisantive pesuieaallows s@terichataningsabrafjyragrainpipbe grked peut f i r st

out | et -side ter Dipe 8. t fir utl et -side en/close valve 34  and
nozzl e pipe %%nﬁlefﬁﬁtstam%%r ajgﬁ\l/sewﬁ?[é? ﬁ?* P‘étﬁf‘éis}ﬁ_derw(%?fri’ll’%é aa‘g er%lgf‘nlgi de pipe
conpriged ofsubdi8siVdly, Shateodthidifd atthde yaing "carpbé)ﬁlp%lied fendzzIesitl Ruthig - si de
open/cl ose valve 34, nozzle pipe 10, and nozzle 11 are emtted together
with the higitegsursss thhes, weatercohtagmmghatzadive grains Tarebe jotied att 4 bigh aseshuge &toof or e
descri bed pr evgnbﬁ cl oggi ng of the downstream side pipe with abrasive

grai ns and t14&°t'he capacity utilization of the cutting apparatus is

Pmproved. 16 AS GigbRiONANpeARBAE Abyie 0L Stk ESRARgTROM Ment

abrasive grain to the downstream-side pipe associated with the first tank 5 is described.

15 This operation has to be performed with the purpose of preventing abrasive grains from
remaining in the downstream-side pipe, in the case where the operation of cutting
encapsulated body 28 is temporarily stopped.

In this case, the first outlet-side open/close valve 34, the first tank open/close

valve 33 and the first inlet-side open/close valve 30 are all opened while the first tank

20 open/close valve 33 is closed in the state where high-pressure pump 2 is operating,
Accordingly, from nozzle 11, water containing no abrasive grain can be jetted at a high
pressure via the first inlet-side open/close valve 30, the first bypass pipe 32, the first
outlet-side water pipe 8, the first outlet-side open/close valve 34, and nozzle pipe 10.
Thus, abrasive grains remaining in the downstream-side pipe comprised of the first

25 outlet-side water pipe 8, the first outlet-side open/close valve 34, nozzle pipe 10, and
nozzle 11 are emitted together with the high-pressure water from nozzle 11. The

operation as heretofore described prevents clogging of the downstream-side pipe with

abrasive grains and thus the capacity utilization of the cutting apparatus is improved.
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suppl ying water containing no abrasive grain to the downstreamside pipe is
provided. Thus, remaining of abrasive grains in the downstreamside pipe is
suppressed. Accordingly, clogging of the downstreamside pipe with abrasive
grains is prevented and 5 the capacity utilization of the cutting apparatus
is inmproved. It is noted that the configuration of valves showmn in Fig. 3 in
the present enbodinent is an exenplary one. For exanple, a configuration of
the following nodification nay be enpl oyed. According to this nodification,
instead of the first inlet-side open/close valve 30, a bypass valve is
provided to the first bypass pipe 32. 10 The bypass valve is closed while
the first outlet-side open/close valve 34 and the first tank open/cl ose

val ve 33 are bot Asdpsnefdre descobedi agdoydingito ihp rasentembmidimdndrthé mechaisnmodf t he

cutting apparatus in Fig. 2 is carried out. Further, in the case where water
cont ai ni ng AEPRAHRGERIFE cgﬁﬂéemwgi 1o b Hnae the davgntiprrasidsmipe s praaded.

downst ream s i pe. | . (o) : : e cl osed
while the f?rhg?’ rgt@ ﬁxgg_o%‘?ﬁrgglg%gm%sﬁgghee %%a%@g%ﬁqJ%eﬁsg %ﬁ%%gss val ve may
be opened. Acwurdinplrleeding®ithddwnstredarstiRqipd Witlrabraside gaidsdsipichertedbadi ment

of the cutting apparatus according to the present invention is described.
Fig. 45 s aths cagacim wHlizetiqn ofahe gutiagpppasainelvampioaedy showing a structure of

the cutting apparat us rdin 0 the present 20.egbodi.ngnt, In Fig. 4,
only the first tgﬁ'ﬁ nﬁ?ﬁ?@ﬁ@%&&“@% 053?3 esos?m%'flr!r% & yith etﬂﬁ%senbescri pti on.
A feature ofendbB@intei {5ial @xaRPAFALIES For Bighgl, a3BRkgaaRasMBE followidd1at a tank
is provided for holding water ‘that is water contal ning abrasive grains and

t hat has beemodifictidn fray be emplaygd.a Aoediding tethenodificatany instehd efthedigstt he

abr asi ve grai,ns, .and is tank is also.,used as,an aprasive tank ee

abrasi ve t a8 ?Peﬁ?CE%SSVil%Pgoaa bypsss V¥ 1§ BEQY ta;sﬁaﬁrét BPISHIRA 0 Fig. 4
has a gyst empaypaehhIoe s disketaitae thd st ot RALRL BPeBIbASTAR ¥ Adke 8RY that
has been used for cutting a workpiece, and the Ssystem 1ncludes a collection
t ank 38 pr ovarkespebklasewvilivea Bhgrd adsh ep@ied. a Ast@dmgB9 amnperatiamdimédat foahat gfi pe 40

connecting collection tank nd sieve 39. re,. the water used for cutting
-17 and hel dg‘? iR ?@éfﬁ“&ﬁw‘nt%g%u 1§ §at§ |°HHesF‘-\|£IF{er‘nﬂ‘f‘ia§es@F?r? Yéteindar d

abrasi ve gr &Ry no abrasive grain is supplied at a high pressure to the downstream-side pipe,
the first tank open/close valve 33 may be closed while the first outlet-side open/close
15 valve 34 and the bypass valve may be opened.
Fourth Embodiment
With reference to Fig. 4, a fourth embodiment of the cutting apparatus according
to the present invention is described. Fig. 4 is a diagram of a pipe system,
schematically showing a structure of the cutting apparatus according to the present
20 embodiment. In Fig. 4, only the first tank 5 is shown for the sake of simplifying the
description. A feature of the cutting apparatus in the present embodiment is that a tank
is provided for holding water that is water containing abrasive grains and that has been
used for cutting a workpiece and thereby collecting the abrasive grains, and this tank is
also used as an abrasive tank (see abrasive tank 16 in Figs. 1 to 3).
25 The cutting apparatus shown in Fig. 4 has a system for collecting water that
contains abrasive grains and that has been used for cutting a workpiece, and the system
includes a collection tank 38 provided below fixing table 27, a sieve 39 and a collection

pipe 40 connecting collection tank 38 and sieve 39. Here, the water used for cutting
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conprised of abrasive grains having its grain size equal to or smaller than
a predeterm ned value, and nonstandard particles 43 that are generated by
the cutting and that have a particle size |arger than the predeterm ned
value. 5 The systemused for collecting water as used further include a
reuse pipe 44 supplying standard abrasive grains 42 to the first tank 5, a
nonstandard particle pipe 45 providing nonstandard particles 43 back to
collection tank 38, and a nonstandard particle punp 46 provided to

nonst andard particle pipe 45. Further, a drainpipe 47 is provided to
collection tank 3 8. 10 The cutting apparatus includes, as a conponent that
isirrelevant to the systemof collecting used water, a bypass val ve 48

provi ded t oahiRelfiiid &dlleb¥dAGAk B8 RRIHEs whith 21 110D ABRJNA¥EashB gehd #5PONdS to
t he bypass val ve descri bed above in connection with the nodification of the

t hi rd enbodicomptisedlaf abtasivé gtdirstianipg i@grapeizatquahtodr tnedlectianiang apparat us in

Fig. 4 is described. ;15 First outl et-side open/close valve 34, the first
Lank open/ cPECETRInsS Ve and nggiseadird b @es B et e meneisdiuihe sutbs andg) y.

wat er i nj ectgd hgbe @%zmiag sk B2 éfrtﬁar{{heg}éd'af%r@néébalﬁén' et-side water pipe 4 to
S5 ge

the first tank erates a ter stream49 1nthe first tank 5. This
wat er $tream 49 gthersgstemausyd fod calizoting wateg asiwed Sirvieer guchides sk piperdéby

uniformy distribute brasi ve grains, and al so extrudes water 50

cont ai ni ng &PPRIYNY étagfaég Aragiye gREsAG tpitheshirsiighk a2 BpRFEANAATdaTlIp BIDg 45
Further, wa o 1 by I L i L.gh pressure
via the £ S AEREnaE BRI B0 Pkl BHERY, S FlonsBlhdy Py

negative pr @agitleepunijpisc pronriedts dostandes paatics %'5945.0n1=@it1|f&r,ngdﬁb{pa§d ARisQr ai ns
to be sucked out fromthe first tank 5. By these functions, water 50
cont ai ni ng &p\adgdie colectiondankad®. be supplied at a high pressure to nozzle 11

i fi -sid . pipe. 25 8 and l e pi i vely.
Thus. et er 50 cdesiiiRgPRERas fhREs 2R s 2oBindR & el tat L T §RREH EL Y
from nozzl e cdllectifig dQKCKALBE la ®PpasS valv¥ @B pRvidd toRKY Adst Bypasd pipeBeli nghisat er

having been used for cutting and collecting abrasive grains in the cutting
appar at us i pypasgvalze 48 gomesponds tioghe bypess walvet descritieglabpeg inconagationivathsthppl i ed

to collection, £@lKos of tht WiSd eiSodiBSh O tank 38 also
In the following, an operation of the cutting apparatus in Fig. 4 is described.

15 First outlet-side open/close valve 34, the first tank open/close valve 33 and bypass valve
48 are all opened. Accordingly, water injected at a high pressure from the first
inlet-side water pipe 4 to the first tank 5 generates a water stream 49 in the first tank 5.
This water stream 49 stirs water 50 containing abrasive grains and thereby uniformly
distributes abrasive grains, and also extrudes water 50 containing abrasive grains to the

20 first outlet-side water pipe 8.  Further, water containing no abrasive grain is supplied at
a high pressure via the first bypass pipe 32 to the first outlet-side water pipe 8. A
negative pressure thus generated causes water 50 containing abrasive grains to be
sucked out from the first tank 5. By these functions, water 50 containing abrasive
grains can be supplied at a high pressure to nozzle 11 via the first outlet-side water pipe

25 8 and nozzle pipe 10 successively. Thus, water 50 containing abrasive grains can be
jetted at a high pressure from nozzle 11.

A description is given of an operation of holding water having been used for

cutting and collecting abrasive grains in the cutting apparatus in Fig. 4. In an initial
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serves as an abrasive tank (see abrasive tank 16 in Figs. 1 to 3) supplying
high-ratio water to the first tank 5. Then, water is injected at a high
pressure fromthe first inlet-side water pipe 4 to 5 the first tank 5,
Accordi ngly, water 50 containing abrasive grains is jetted at a high
pressure fromnozzle 11 to cut encapsul ated body 28. Water 50 containing
abrasive grains and having been used for cutting is then held in collection
tank 38. The water held in collection tank 38 is extruded by the

pressuri zed water supplied by extrusion punp 17 to collection tank 38, and
supplied via collection pipe 40 to sieve 39. 10 Standard abrasive grains 42
sifted out by sieve 39 are returned together with water to the first tank 5
via reuse pétpte, ligh-rilomsaten dasugdpleartbicollegiod3arki I8 e Thost cabigetginstark 39 alao e
returned together with water to collection tank 38 via ngonstandard particle
pi pe 45 and TS ER mastye Rk (g 2DranivRians 16 15 fige {igrid SupriaPENEhEie | o5 43
cannot be “%ﬁﬁx?&ﬂwfﬁ&% iihg, when the anmount of nonstandard particles 43
stored in collection tank 38 15 reaches a certain amount, these nonstandard

particles 43 ar eTdeseatedslinjebiedde atighmdssabofrem thehint tietgideavdt&epips £sent
enbodi nent, standard abrasive grains 42 can be collected for using them
agai n. 9Ther dreditat tapd ¢ Apeardigelyowatep O cartainingrabrasiye g5aay wiertedad e reduced.

Further, col L t ank and the abrasive jank.for . supplying high-ratio
water o nBeeFOpiRds 12 A e Rt ol 47 Stadhso SRR ey 1 .
cutting appgfaistind havingBedt usRd Fdr ®etingfik thed HENAdbNERAbn Yink!BS! efant& L0 Fig.
5, a description is given of a nozzle for cutting that is used in a fifth

enbodi ment  bé¢ldtimeolteation tagk 3f poearuded by therpdessyrized water quppleshiy éxtwsioni on.  Fi g.
an ontaf gedPBPA7db GoIEHPN PR I8ed BIPPLHLVA GUISREY RRBAPAS AE adRor di ng (o ¢ he
presenp enbaginARtabrARNE oFlifk 42 Gtk ot HAGEVeRS & RITES detiRbyith! WierSBOW NY,
in a further enlarged state, a tip portion of the nozzle. As shown in Fig.
5, nozzl e 1ltheffost tavk iviagehsespipe #bl d¥donsbandaml pacticiestdr sifbatiguti® sieveS9fared
body 1o IFeurhen 1Spetier With water th collection téik 3§ via onstandard Sarticle pipe 45and "
nonstandard particle pump 46. Since nonstandard particles 43 cannot be used for
cutting, when the amount of nonstandard particles 43 stored in collection tank 38
15 reaches a certain amount, these nonstandard particles 43 are discarded.
As described above, according to the present embodiment, standard abrasive
grains 42 can be collected for using them again. Therefore, the running cost of the
cutting apparatus can be reduced. Further, collection tank 38 and the abrasive tank for
supplying high-ratio water to the first tank 5 can be provided as a common tank. Thus,
20 the cutting apparatus can be simplified.
Fifth Embodiment
With reference to Fig. 5, a description is given of a nozzle for cutting that is used
in a fifth embodiment of the cutting apparatus according to the present invention. Fig.
5 is a partial cross-sectional view showing a main portion of the nozzle in an enlarged
25 state that is used for the cutting apparatus according to the present embodiment, and Fig.
6 is a partial cross-sectional view showing, in a further enlarged state, a tip portion of

the nozzle.

As shown in Fig. 5, nozzle 11 for cutting has a holder 51, a columnar body 52
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wi'thin holder 51, a coupling body 54 and a nozzle tip 55 fitted together in
support body 53. In columar body 52, a flow channel 56 having a
predeterm ned dianmeter is provided. Coupling body 54 is connected to fl ow
passage 56 and has a space 57 in the 5 shape of a funnel that tapers. In
nozzle tip 55, a small-dianeter flow channel 58 connected to space 57 and
having a certain dianmeter Dis provided. The | eading end of nozzle tip 55
protrudes by a predeterm ned extent fromthe | eading end of support body 53
and hol der 51, and the |eading end of small-dianmeter flow channel 58 forns a
jet outlet 59 forned of an opening having the dianmeter D. Here, hol der 51,
col umar 10 body 52, support body 53, coupling body 54 and nozzle tip 55 are

made for exargd Rsi@é holdbs NhGFpct B&ly STMEITHEhdTRAdAS eld S collifindritégy s8N t he
internal wall of small-diameter flow channel 58 of nozzle tip 55,  a

wear - r esi st athinfhalgar 60, 4 soupbingrbody #eand 2 nedzbst timiS fift¢dwogethei in suppombody such
a well-kno met hod as pl as D. zzle 11.shown,in Fi . 5 and 6 has a
first feat \SIS% t#ﬂﬁo W?’Pg‘é%t _ WF#%?F‘()‘% hai"éngfaoqrﬁ%%?rﬂ‘ﬁnet%ﬁcga‘?lﬁtteéfsnal wal | of
smal | - di a”PbR{vi&eldQWOéBﬁl 0d984ii$cimdacdio ﬂo%%sﬁ%@e% ShPids Sk EE 5#ln thBat is
for exanple single crystal dianond, single crystal sapphire, = sintered

di anond, si shapeedaduinecthbiotapers.ni rnatele(tpE) 2 sonll-diacepgydonw echamaeled® al i n

whi ch dianmond or cNB is _dispersed in cenented_carbide., Accordingly, even if
wat er  pr esSeRtested ta spage ﬁ?@ﬂg E@%&F@%Hﬁwa 1§iPHY! %éeagﬂrsa gd a2 s

flown at a bighe 5p8Ed2Mdklns IBherlbAEA Eichd P FABNShE BrcPlor 1531 8ot N

i nner wal l | anet er ow channé Isre sho in

Fi gs. 5 ands8 ahdsoldessi; andltHededditigeeridraftsmahh el diheddTelotw cHanfdl 58FBRhS a (Ht anet er
fl ow channel 58 is determned in the following way with respect to the

di aneter d Optlefnddermed ofraniapening hayjag thej dizmster Dt hHeree haldpiohl. wetumngn t he

i | ye, 2 i.s one of standards definped for, the diapeter d of
b asie. gr 2rhE 25Ukt PRl 3%ie8fHir@pofy 3T B S ek RE e o i elER e <
defined as Ralrdsk stedldBa¥mic e a5 e [ikehy Onhe m@dradlivedll dfSsndallliBafigti 86 1S as

follows. It is enpirically known that, in the case where the diameter D of
smal | - di anetkanntl Wrofgtearladp 5582 wearstasistast filmhehistfoinessl. t Yéearaesistant fitmreval ue

dmax all oved s Ly SR TRt bwl maRb3 %S sl 8y 42, small-dianeter
Nozzle 11 shown in Figs. 5 and 6 has a first feature that wear-resistant film 60

15 formed on the internal wall of small-diameter flow channel 58 is made of a
wear-resistant material that is for example single crystal diamond, single crystal sapphire,
sintered diamond, sintered cubic boron nitride (cBN), or a composite material in which
diamond or cNB is dispersed in cemented carbide. Accordingly, even if water
pressurized at a high pressure and containing abrasive grains 42 is flown at a high speed

20 in small-diameter flow channel 58, wear of the inner wall of small-diameter flow channel
is reduced.

Nozzle 11 shown in Figs. 5 and 6 has a second feature that the diameter D of
small-diameter flow channel 58 is determined in the following way with respect to the
diameter d of abrasive grain 42.  Specifically, the relation between the maximum value

25 dmax that is one of standards defined for the diameter d of abrasive grains 42 and the
diameter D of small-diameter flow passage 58 is defined as D > 2dmax. The reason
why the relation is thus defined is as follows. It is empirically known that, in the case

where the diameter D of small-diameter flow channel 58 is smaller than twice the
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fl'ow channel 58 or jet outlet 59 is likely to be clogged with abrasive
grains 42. (Cdogging of small-dianeter flow channel 58 or jet outlet 59 with
abrasive grains 42 is thus prevented and accordingly the capacity
utilization of the cutting apparatus is 5 inproved. In the case where an
encapsul at ed body (see encapsul ated body 28 in Figs. 1 to 4) is cut, the
dianeter d = 63 mof abrasive grains 42, the maxi num val ue dmax = 100 m of
t he standard di ameter and the dianmeter D = 250 mof small-dianeter flow
channel 58 are enployed. Here, the upper limt value of the dianmeter D of
smal | -di ameter flow channel 58 10 with respect to the dianeter d of
abrasive grains 42 is not particularly defined for the follow ng reason. In
t he case wherazirsumdeshue dchag alowergasthe dlameser Idasfgbrasive granseds smallddiafetert he
smal | -di ameter fl ow channel has t.o. i ncreased as, required, and therefore,

3 e’ If Pﬁﬁy 6%

it is pref dPRIENRHAE OF I O 1, b¢ elesgsd WitealipsivRgTains B2 s not
limted to it _ i : j AN , the
di aneter D g)ﬁfl&%ﬁﬁeé gfrbrga H-déiﬁjg%ggt%? % ﬁ%\{/nvglc a?m@i M%Et rkrgy ea%}‘%tr?%\)re a%ﬁé}%g%gé cut a
wor kpi ece witlius préseentetirage acedriingly the cdpacityNotilizatiorl df thl ousing Appdrgisis i and 6 has
athird feature that_the relation between the length L and the dianeter D
of smald - di aRREoNeds | Bnihe prsa Adleresa ensapruiatedopdyd seergneapsplated bedp 28paEigSen t he

|l ength L and .t he.di ter D of, spmal | -di aneter f.l oyw channel 58, . there is the
Fol Tow ng-r d1'Bey ety T Aot ds” ShurSt R Elesen it iR SR md e A5 ssour o
20 water 291p6%hedr fhehiifl dRitidiélana hSBRABEAFD £ 856! ik T rdall- dURGEEHGY ¢ hat
the cutting efficiency deteriorates and the cutting wdth increases. In

this case, ftchanekf®bte enfployedar-resistant film60 (distance in the
up-and-down direction in the draw n i s snal resulting in the problem

|
that the Iifetimdl&e theypres lipyityvabe affihg diamster DiofismalldiayaetGinflows changel & at i on
i L 0 D.,, LS: - Jj fl I J ly t
be 25 1 ogo it bRl it B SOLLRIITEACA, 1 BInEHBIAG adheliTol 67 ¥ 1 ©

| oss in snalfblicdiingedagsn. fnake eRammele Hesired bilitsing Width ik lag@UiHeidmetar Dlogbl em
of reduced cuttlngéefflm ency. In view of these factors, the length L is

defined wi t fihg ssadkdiemesr flpw chpnnebhasrtobe inpseaseyl as reguized gngherefpreeiscase wher e
| t in Figs, . 1.t0 -2 s to b
o oD SRR R GRS LR AR R0 B B Bisd el f g s 00"

According to the large cutting width, the diameter D of the small-diameter flow channel

15 may be increased to cut a workpiece with the large cutting width.
Nozzle 11 shown in Figs. 5 and 6 has a third feature that the relation between

the length L and the diameter D of small-diameter flow channel 58 is defined as 2D <L
<20D. Between the length L and the diameter D of small-diameter flow channel 58,
there is the following relation. In the case where the relation is 2D > L, high-pressure

20 water 29 jetted from jet outlet 59 spreads, resulting in problems that the cutting
efficiency deteriorates and the cutting width increases. In this case, the length of
wear-resistant film 60 (distance in the up-and-down direction in the drawing) is small,
resulting in the problem that the lifetime of nozzle tip 55 shortens. In the case where
the relation is L > 20 D, a problem is that small-diameter flow channel 58 is likely to be

25 clogged with abrasive grains 42. Further, in this case, a pressure loss in small-diameter
flow channel 58 occurs, which results in a problem of reduced cutting efficiency. In
view of these factors, the length L is defined with respect to the diameter D, as 2D <L <

20D. In the case where an encapsulated body (see encapsulated body 28 in Figs. 1 to
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smal | -di ameter flow channel is defined as | OD <_ L <_ 20D. Specifically,
for small-diameter flow channel 58, the enpl oyed di nmensions are diameter D
= 250 mand Ilength L = 4.7 mm 5 Nozzle 11 shown in Figs. 5 and 6 has a
fourth feature that funnel-like tapering space 57 that connects to flow
channel 56 is provided to coupling body 54, and the |eading end of the
tapering portion connects to small-dianeter flow channel 58. In other
words, the fourth feature is that funnel-Iike space 57 which connects fl ow
channel 56 and small-dianeter flow channel 58 and which tapers toward

smal | -di ameter flow 10 channel 58 is provided. Thus, in the pipe extending
fromflow channel 56 to snall-dianmeter flow channel 58, water pressurized

at a hi gh puprsybe caf) preferabiithy ﬂ&&tmﬁbéﬁﬁdeﬁ@hﬂéﬂ%ﬁiafh&tﬁ@&aﬁm'e@ﬂll)’\b{fﬁh@m bei ng
subjected to a | arge resistance. As discussed above, according to the

present enbedklirdiametesiflovechaenal iy defined antOD Kill m26D. i Speafically, fon t he i nner
wal | of small-dianeter, flow c ann r of, the inner 15 wall is
r educed. Thé‘f“é‘ij -grmetqt oy ghapnel 5 ?‘ﬁé %Pri’mggt“éeﬁ’é’é’as prerdiameter 13 72 30e 28dy wor k

necessary fop, agesent and rral nt enance of the cutting apparatus is
reduced. FurtRer, since the dianeter D of snmall-dianeter flow channel 58 is

defined appropri Noakle 11whotn ireBiged ards hdse: fdual&atire thap furmbl-tiled taperiiigai ns 42,
cl ogging of small-dianeter flow channel 58 or jet outlet 59 wth abrasive

grains 42 i §Paseavdhategnnactytorlow C@m@é6tlﬁgrozaieﬂé@ng@uphngbpdy;%m dhainet er

flow channe r r| r angt er

t hereof, cl oﬁg?‘ﬁ eﬁdg ?gﬂr?g[??e %gg)oﬂ C%%ﬁééfs %nntl]arl]le(ﬁtggt%} ﬂé‘ﬁ CBgrglgls?%en%r ai ns 42
IS suppr essethernlon@) thesfoarth Ganie isthe: fuhdellikBBpRE STQdEdEcoRRbds Bow chBghel he
cutting efficiency is kept at appropriate efficiency. Further, since space

57 that tap&band soall-dfamster flomnchehnes &8 taodavhithsapdrs tatvaadremalt-diamsserdlesnnel 58
cub) eabed « GrAPEYLE rodidh anees if e Frediie Fendom heReel S8 member
T o o i oy e Pt o
exanpl e. | nabfasise gesiies 4dscandlo, witheut ibeingrsubjatted of a hrgd desistanaceet er - 22 fl ow
channel 58 is formed of the wear-resistant material and thus wear of the
i nner wal | As discussed above, according to the present embodiment, since wear-resistant
film 60 is formed on the inner wall of small-diameter flow channel 58, wear of the inner
15 wall is reduced. Therefore, nozzle tip 55 has an extended lifetime and thus any work
necessary for management and maintenance of the cutting apparatus is reduced.
Further, since the diameter D of small-diameter flow channel 58 is defined appropriately
with respect to the diameter d of abrasive grains 42, clogging of small-diameter flow
channel 58 or jet outlet 59 with abrasive grains 42 is prevented. Further, since the
20 length L of small-diameter flow channel 58 is defined appropriately with respect to the
diameter D thereof, clogging of small-diameter flow channel 58 with abrasive grains 42
is suppressed without shortening the lifetime of nozzle chip 55, and the cutting
efficiency is kept at appropriate efficiency.  Further, since space 57 that tapers from
flow channel 56 toward small-diameter flow channel 58 is provided, water containing
25 abrasive grains 42 flows without being subjected to a large resistance.
In the present embodiment, the member itself where small-diameter flow channel

58 is formed, namely nozzle chip 55 itself may be made of a wear-resistant material of

sintered diamond for example. In this case as well, the inner wall of small-diameter
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of smal |l -di aneter flow channel 58 is reduced. Sixth Enbodi ment Wth
reference to Figs. 7 to 10, a description is given of a fixing table that is
a 5 receiving nechanismused for the cutting apparatus according to a sixth
enbodi ment of the present invention. Figs. 7 and 8 are perspective views
schematically showing a structure of the fixing table as well as an
encapsul ated body used for the cutting apparatus in the present enbodi nent.
Fig. 9 shows a cross section in the Y direction of protruded portions of
the fixing table in Fig. 8, and Fig. 10 shows a cross section in 10 the X
direction of groove portions of the fixing table in Fig. 8 As shown in Fig.
7, encapsul ated body 28 that is a workpiece to be cut has a circuit board
61 such as Kleadfhanme S8is formed efithe iveamniesistanamdtesial auelthusasearnf erciapauvat | ng
resin 62. Cu tiq lines 63 and 64 t hat thersect at right angles are

provi ded as® W@?}Q}ammr#@g{c ohE 188UGAt 0 whi ch the whol e region is
partitioned by t i lines 63, 15 64 each correspond to a package of
an el ectronic co%%gﬁg%#%Phgﬁnis a conpleted product. As shown in Fig. 8,
fixing table 66 UBelrdferendehe Figse® ent0,eidusckiptiintis pen bhefixihg tdbderhagis a
conponents. Fixing table 66 includes protruded portions 67 provided

cor r esPondi Fepelvingomeehapismiysedior b ewtingsapparatesacapriingioadixb gpbadimpnt k| | as

groove 20 portiaons, 68X...68Yproyid bet ween..prot ruded portions 67 in the X
i oot on adls iR ARG FBY RUEE AR S R PR, SRS e a6
incl udes supREéthre sithé AXifg BHlPAsOVdIICRGNn eh@aﬁﬁl@fé@%dfr Qdeeek theeubtgiper portions

of protruded portions 67 In the Y direction as wel as a franme portion 70
(partial |y shpasafys pr teiptesdnttembodimmeatt BigpDshawgmenososesti@pinghe Koditectiemds  of

each support .portion 69. Thus, .gr ooy, tions X .ar eriodically.closed
ot 55" 1 bepect PULicBRepTisur of D iisg Rilpfofie' SametindOebover s5vs Seiitne eav
ext endo thr ook £ieXigfof @Bl friolshhdinifl 18 (g BATT Of frame portion 70
is shown. However, acttgg y e franme por%l on I's provided to enclose the

four side surfaces shbwhiix Figg7fabhmulated body 28ahgtds & monkpiétepo ée¢ent sasviat er t hat

has been used and tgat contai ng abrasive grains -23 fromscattering.
circuit board 61 such as leadframe or printed circuit board as well as an encapsulating

resin 62. Cutting lines 63 and 64 that intersect at right angles are provided as virtual
lines. Regions 65 into which the whole region is partitioned by these cutting lines 63,

15 64 each correspond to a package of an electronic component that is a completed
product.

As shown in Fig. 8, fixing table 66 used for the present embodiment has the
following components.  Fixing table 66 includes protruded portions 67 provided
correspondingly to respective regions 65 of encapsulated body 28 as well as groove

20 portions 68X, 68Y provided between protruded portions 67 in the X direction and the Y
direction respectively. Further, fixing table 66 includes support portions 69 provided
to connect respective lower portions of protruded portions 67 in the Y direction as well
as a frame portion 70 (partially shown) provided to connect support portions 69 at both
ends of each support portion 69. Thus, groove portions 68X are periodically closed at

25 respective lower portions by support portions 69. Groove portions 68Y extend
through fixing table 66. In Fig. 8, only a part of frame portion 70 is shown. However,
actually the frame portion is provided to enclose the four side surfaces of fixing table 66.

Frame portion 70 prevents water that has been used and that contains abrasive grains
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At protruded portions 67 each and at frame 70 as required, recesses 71 are
provided in the top surface and through holes 72 are provided each at a
central portion of recess 71. Through holes 72 are connected by a pipe to a
suction nmechanism (both 5 are not shown). O groove portions 68X, 68Y,
groove portions extending in one direction, for exanple, groove portions
68X extending in the X direction are provided wth protection nenbers 74
each fornmed of a thin plate-like nmenber to cover respective top surfaces 73
of support portions 69. Protection nenbers 74 are attachable to and

det achabl e from groove portions 68X and nade of a material having a higher
hardness 10 than that of abrasive grains used for cutting. As such a

mat eri al , sfroglRaérigt al di anond, single crystal sapphire, sintered

di anond, sintered cubic boron nitride (cBN), or a conposite material in

whi ch di anond or At Bretrusled ipspions 64 epch andrad g 70aseqhireds igeessesxBngEe, may be

d. Wth ref 1ce to Figs, 7 1 function .of tectj b 74
when' 15 enbyRlaF s Boay ™5 ofe bpdeh afen b wBHi0%s BLB LB EREG  body
28 i's drawnoppscess gt i QRrcligh héfes TR ard dWnab@hd Bph%@eﬁa a0 6kidraaeshafism (both

successively and thereby secured to fixing table 66, nore accurately to
protrufled patetiobpkpvey). aflf gsoqygmortitns 68 Xpre8 B ogroose pamionfestending weaner i ption i s
gi ven of the. case ere encapsul ated b 8 j.s c ih.the X diregtjon. In
Phis case, AEORBNT EREG. S8 A e gne friite fdhe St tieen S i irchg 20
abrasi ve gr gitRpreveetidiAmbmBerd 98 BadtSBendLEF £1kid DIBQ-IKTRhEIGIRE t RN $LspBEtRECL 1 ON
menbers 74 in all of groove portions 68X, it does not inpinge against top
surface 73 tfp swiepsri3 ofpopporopoidns §&arProfeciop pentbescidtaroatt&habie td and ng

table 66 is thys, prevented. Next, a_description is given of, the case where
encapsul at eeets%yngeomngF PPFIGnh 68 Xvand madierof arinatyial hayiag ¢ Higher hatgnessre
fixi ngnt abl . : recti I { .5y noved
oy DA Cchangi] (1 ot asiE BRRpd A7 b W Rudils Al SRgRAETSY chimds

hi gh- pr essusiggleabgtal 25phire] sigerlee Alninedsifteredcdubici bagord hiovte (@BN.addHoWs. I n a
regi on where groove portion 68Y is |ocated between protruded portions 67,

hi gh- pr essufemp@ditemmateriah s whish dismond lor gBdLY dispensed mrrea@iet 6adifle, fagi on bel ow
fixing -24 tablef 66. Thergfore, hi gh- pressure water 29 does not inpinge at

al | agai nst ¥R ?‘ldna(yatbel wed.

With reference to Figs. 7 to 10, a function of protection members 74 when

15 encapsulated body 28 is cut is described.  First, encapsulated body 28 is drawn by
suction air 75 via through holes 72 and recesses 71 successively and thereby secured to
fixing table 66, more accurately to protruded portions 67 and a part of frame portion 70.
Next, a description is given of the case where encapsulated body 28 is cut in the
X direction. In this case, as shown in Fig. 9, while high-pressure water 29 containing
20 abrasive grains and having been used for cutting impinges against protection members
74 in all of groove portions 68X, it does not impinge against top surface 73 of support
portion 69. Wear of support portion 69 of fixing table 66 is thus prevented.
Next, a description is given of the case where encapsulated body 28 is cut in the
Y direction. In this case, the same fixing table 66 may be used and the direction in
25 which nozzle 11 is moved may be changed to cut encapsulated body 28. As shown in
Fig. 10, high-pressure water 29 having been used for cutting flows as follows. Ina
region where groove portion 68Y is located between protruded portions 67,

high-pressure water 29 passes through groove portion 68Y to any region below fixing
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66. In a region where groove portion 68Y intersects groove portion 68X

hi gh- pressure water 29 inpinges agai nst protection nenber 74 and does not

i npi nge against top surface 73 of support portion 69, like the
above-descri bed case where 5 encapsul ated body 28 is cut in the X direction.
Accordingly, in the case where encapsulated body 28 is cut in the X
direction and the Y direction by using the sane fixing table 66, wear of
fixing table 66 is prevented. In the case where encapsul ated body 28 is cut
successively, protection nenbers 74 gradually wear. In this case,

protection nmenbers 74 may be replaced as required. Thus, encapsul ated body
28 can 10 be cut w thout wear of fixing table 66. As described above,

accordi ng t eablds. prEweedfores highairémint watdre29sduee nbi ipigpetadlall egaifdh fixang thisle used
to cut encapsul ated body 28 in the X direction and the Y direction, In

ot her wor ds 66i nln heegiashaip 8raove Rerios KBt iBteriseterosve porden 68%, t he X
direction apd,the Y direction 1t I.s unnecessary, tq prepare two types of
fixing tabl dengssssirs Fubra infihech hedifu PRGN aRtbes Tedng PRETnaiRalbl 3, &
body 28. ThegghRkép sirfack 18 of AFPHoYRIEoLEL HRE terdRde-dBRAVeREask vifed  al ong
cuttln% lines in two intersecting directions, the cost for fixing table 66
is redaoced ampsidated bodwz$ sreut im the Xkdiregtiert. f | Accondipglyunid thecade miess onal

iti .for. ) N ti.ng. . ented. A
o {1 oat | oRRGPRUEs BARY PR Shi e rekiebptt e Y Grétln B SEBREC A mene | s
20 her ei naf gl 483C 66 ALk WE Eilling SIoR! €08 Srdvenfed 9S In tht 3dwHde efdaPgulatkd and 12

are perspective views schematically show ng a structure of aagl Xing table
and an encapdy?&isedt hodyssivelyd pfovectibh enembeisf 7T4dcghdwmbly ofeat. helnahis tcaseg appar at us

Frame. port i SIPSGCBBILGH4 FRYSE A2 TS or Ht STARHEH (OUTALA® and
detachopl < SPESLAR A SflipgRg on | 20 Seecifycal Iy, the iy merbers
modi fi cation, whew des@ibedabove, Agokiifg Whthe prasef catRdimend the samRgHgihg Tabld S
Fur  hor a6 oA D84 s Gt GiRBRolric hasl ARt ek dgetarcidting YL restinb ngih abi e
\?/gt 2? du 5_635]0 re(r)\évi?t(rjfsi(,j ngtrﬁgkgs% Wi EEn agsruileﬁgae BgdyogS ifs ic& {19h¢ %bclil%ctelsgn RIEFHER S
direction, it is unnecessary to prepare two types of fixing tables 66, to replace fixing
15 table 66 and to align encapsulated body 28. Therefore, in the case where encapsulated
body 28 is cut along cutting lines in two intersecting directions, the cost for fixing table
66 is reduced and deterioration in working efficiency and in dimensional accuracy
(position, angle for example) in cutting are prevented.
A modification of the cutting apparatus according to the present embodiment is
20 hereinafter described with reference to Figs. 11 and 12. Figs. 11 and 12 are
perspective views schematically showing a structure of a fixing table and an
encapsulated body used for the modification of the cutting apparatus according to the
present embodiment. A feature of the modification is that frame portion 70 shown in
Figs. 9 and 10 is formed of two attachable and detachable members in this modification.
25 Specifically, the two members are a lower frame portion 76 and a wall member 77
shown in Fig. 12. In this modification, when protection member 74 is replaced, wall

member 77 is detached in the upward direction (Z direction) as seen in the drawing.

Further, wall member 77 provided attachably and detachably to fixing table 66 and
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cont ai ni ng abrasive grains fromscattering. In the present enbodi nent, since
processing of fixing table 66 as a whole is sinplified as conpared with the
structure shown in Fig. 7, fixing table 66 can be reduced in price.

Mor eover, such operations as 5 insertion and fitting of protection nenber 74
into and in groove portion 68X are facilitated. In the description of the
present enbodi nent (including the nodification), protection nenber 74 is
made of a material having a higher hardness than that of abrasive grains
used for cutting. The material, however, is not limted to this. 10
Protection nmenber 74 may be nade of a material having a | ower hardness than
that of abrasive grains. Exanples of such a material include such a netal
mat eri al as psividedlonshe ostee périphencdf fixingaable 66girevened watsr useé fdravnetingesmidn and
such a ceramc nmpterial as .alfurri na. These materials are inferior in wear
resi stance COMAEE 2RrasiyeeFing from seatieriag e dlnghe PHesaNt RO FSove in

connect o1 WA TR o, Nf1c RLBUTALE 0 ORBEE 14 5a g of oy o

t hese mater shor conpare ction menber
74 made of shwin i FIRUE fixilg tétle 56 Bhebekddécdrin Peice HOVRY&Rver, Bichi@rtdtions AEMber
74 of | ower hardness is available at a | ower price. Therefore, depending on
the tyfe of insgmioasnd &ttipefpsotaetipnonernband4dutadingiin gEove pomion|$8Xdkres s
protection r]t% r, 74 may be used by replacenent. What is inportant here is
t hat water %Ch{%ue%i ng abrasive grains 20 inpinges agai nst protection nmenber

74 and thus the WRiRIdeS@Ptidh D M RSN dihaht TicldRRshd flodifieiXidige agai nst
support portion 69. Further, attachable and detachable protection nenbers 74

are i nsert e@rotegsiopananmhes|7¢ it mady ofamatevalthaving addgher bardness thanthatrofat i vel vy,
attachabl e and .det achabl(gf pr ot ect ggn r'renbﬁrs 74 conneft ed, on.one end |ike a
conb may be PRSEY BEPSUEHIYCHBRE. 24 p BRI BhIoBSYer §iof fimipd Wi i vel y,

attachgpl e mc&ﬁ;nafﬁ&ﬂ%ezgpﬁ%b%%s&rbmﬂa%a hééiln'%ra low&ehaRRRBENSA 11t gpubl e

cross (pound sign or synb may be Inserte to groove portions 68X,
68Y for useabrbliee grilirsec Eixaaples of ach iaomateniirehsiei sacli homel shsprbasasainidssscr i bed
above can be produced for exanple by etching a netal material. -26
Protection §iehaicd amgsipgnateral py wrgthapeiresingng speh & cerrmicpatgrialiag aB¥ING| r ect i ons

These materials are inferior in wear resistance to such a material as sintered diamond
described above in connection with the embodiment.  Thus, protection member 74

15 made of any of these materials wears in a shorter time as compared with protection
member 74 made of such a material as sintered diamond. However, protection member
74 of lower hardness is available at a lower price. Therefore, depending on the type of
abrasive grains and cutting conditions, lower-hardness protection member 74 may be
used by replacement. What is important here is that water containing abrasive grains

20 impinges against protection member 74 and thus the water containing abrasive grains
does not impinge against support portion 69.

Further, attachable and detachable protection members 74 are inserted
respectively to groove portions 68X for use. Alternatively, attachable and detachable
protection members 74 connected on one end like a comb may be inserted into groove

25 portions 68X.  Still alternatively, attachable and detachable protection members 74 in
the shape of a double cross (pound sign or symbol #) may be inserted into groove
portions 68X, 68Y for use. The collective protection members in those shapes as

described above can be produced for example by etching a metal material.
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(X direction and Y direction in Figs. 7 to 12) of cutting lines 63, 64 in a
grid pattern. In this case, all protruded portions 67 are connected at
support portions 69, and respective top surfaces 73 of support portions 69
are all covered with the protection 5 nenbers extending in the X direction
and the Y direction or with the protection nenbers in the formof a double
cross (synbol #). Therefore, it does not occur that high-pressure water

i npi nges agai nst top surface 73 of support portion 69 and accordingly
support portions 69 are prevented fromwearing. Cutting |lines 63, 64
extending in two intersecting directions of encapsulated 10 body 28 that is
a workpiece to be cut may be lines intersecting at right angles in a grid
pattern as shownPiatedtiogsnenther874 by hadravied alomg\bolieof twrediffetsat didkrtinmt

intersect at_right angles. Further,_ two cytting |lines 63, 64 nmay be a
corbi nat i onCoATEanAPRd FNHEORIBEES. Tt lamﬁfuqtm&én%%&a 64 B BRAPABFO! cur ved

lines. Any = rJ tt i ey as long as
ar oove port o EaG EERAER ToRRTs gk ReptuBe s, sl AEREIRESYER TT 11 g
lines 63, Gfespedtivntdmguriavey Esefmppore pditioas 69 aresallaspdertet atith the pristectat ual

cutting portions respectively and protection nmenbers 74 are provided in
respecPi ve MGROSSEXFHAME ihtheg diregpm ang theoV direesinprrwithBetrreiaeti®dn. I n this

P he. ad . . | . :
fully be oxhrepPRRI tetomRhEbbR st [ tRe! Ao aeREhrct Attt Peek s cr bed,
the case i shipasfédsRAvat&Ompiides agdinst RGPRFMEAT RO RPP¥rtipdrivdil &harem conduct or

chips or the like nounted ona circuit board are encapsul ated all together
in resin isaeaordingly ggppout partigny $hers preventied Siom wearingt ri ght angles in a grid
pattern. The pre t inveption, hawever, is not. limted to this, and is

Dopl i cabl e ot heUpnedmih et SHraadt ke ierdeiting Afecis el bl i on,
the popesenbodyy®itat RR m{;i@ee PR LR tha) Ve RGN Mt Rctind 1B ikt BASEs fa GNPl eti ng
a product but 25 also for the purpose of disassenbling any unnecessary

obj ect for datsernrsshogvn in Figauis Biell, amdh@ oxamayrbedmas tahdogotibteasct/a rightii ns nmay

contain other materials for any. purpgse. These qther terials inc|lude for
exanpl e cl eaP8lfYy g{b‘&ﬁ?@ Yy H guttizy ilﬁg%qféérr%@i é l??élof‘g?ﬁ/&’t“é’red B?Ifmacl %ing the

Shr sl e 9 Spigpne U CShlin f AR *ARPUPRE o BRI i kel O
may be employed as long as groove portions 68X, 68Y are provided that are located
15 below cutting lines 63, 64 extending in respective directions and that include actual
cutting portions respectively and protection members 74 are provided in respective
groove portions 68X, 68Y to cover support portions 69. In this way, the advantages
of waterjet cutting along a curved cutting line can fully be exhibited.
In connection with the embodiments heretofore described, the case is described
20 where an encapsulated body in which semiconductor chips or the like mounted on a
circuit board are encapsulated all together in resin is cut along cutting lines intersecting
at right angles in a grid pattern. The present invention, however, is not limited to this
and is applicable to the case where other workpieces are to be cut. In addition, the
present invention may be applied not only for the purpose of completing a product but
25 also for the purpose of disassembling any unnecessary object for discarding it.
Further, the water containing abrasive grains may contain other materials for any
purpose. These other materials include for example cleaning agent.

The ratio of abrasive grains to water containing the abrasive grains is detected by

=27 -



using a sensor of any of other types detecting a characteristic except for
the weight. Such a sensor includes a sensor detecting the ratio of abrasive
grains in each tank based on such characteristics as opti cal
characteristics of the water containing abrasive grains 5 (anount of
transmtted |ight, anmount of scattering light, anount of reflected Iight for
exanpl e), chem cal characteristics (pH for exanple), electrical
characteristics (electrical conductivity for exanple), and acoustic
characteristics (attenuation of ultrasonic waves for exanple). As a group
of tanks conprised of a plurality of tanks storing water containing 10
abrasive grains, two tanks that are the first tank 5 and the second tank 7
are provi dedsing Tsenspr fos ereasirimgehé iveight. hdllewretio niag ahenatively bedeteated by s and
may have a tank group _conprised of at [east N tanks (N is an integer

sati sfying NeB8 23§nsgnef aypd othes tynep detegtinesa chapagiaislic exept 11 the wrightanks nay
be desi gnat t r . e rt of
the tanks | Sigsrdsatibhded Sl o, hes M St ariile B RERCNEIR BB ) 1

(are) desi goatsech dhaseckrioticstad @ptied icharaéteadiica st e vidtéd dontdifing arsiv@prains The
present invention, however, is not limted to this. Specifically, a certain
tank mBy béamesd ofigansmitqsplight +amauns pfiscatiening light caspqua af reflegted Nalstfaer t ank

may be desi dtank..ln this case,.a i s..re i shed
W ih abr ot SRR, Bl BHRRARR I SefnBief Sy AR BUb RERRN
abrasi ve gr abitfuktivityofot BEansIE), @id ZconbtiPhardctitistiés(attbiRia?iOn af OB vaned
certain tinme is detected or cal cul ated. Next, based on this quantity, the

quantity of fefmxamples grains flowi ng out of the supply tank is cal cul at ed.
Then, a quantity of abrasive grains,cprr

ondj to th | cul at ed
quantity of abrad¥FE gRPH@NSconnSEY P ﬂpﬁﬁfﬂgtgglfﬁﬁ?%‘é&ewgggg%‘ggﬁﬁﬁsed as a

suppl yot ank i ( i has been
descr%dt())ed aﬁ?gygggﬁé{%aiﬁﬁéﬁgﬁﬂ@e ﬁsgéagklg%aglfee%re y undg?}slctegltg(‘j’qéﬂ'at t he

sanme i s by \Why podsentlihvestiomgthoorveanid nox imjike toothisyandnmayi lmvaattartkogrobp t aken by
way of limtatiaogn, the spirit_ and scope of the present invention being

linited onlcgmpysedipf at leasiaN tanks (N isspategercsaisiyingsN 2 32 gnd guart of thedemsveD | S:
L A cut ting, AR0aGald/av§tE fray 86 Bl RSB San B SpfAUhA! N1 N0
In the case where a part of the tanks is designated as a supply tank or supply
15 tanks, the tank(s) is (are) designated based on the ratio of abrasive grains in each tank.
The present invention, however, is not limited to this. Specifically, a certain tank may
be used as a supply tank and, after a certain time, another tank may be designated as a
supply tank. In this case, a tank is replenished with abrasive grains as follows. First,
the quantity of water (including abrasive grains) flowing out of a supply tank in the
20 aforementioned certain time is detected or calculated. Next, based on this quantity, the
quantity of abrasive grains flowing out of the supply tank is calculated. Then, a
quantity of abrasive grains corresponding to the calculated quantity of abrasive grains is
supplied to the tank that has been used as a supply tank and needs replenishment.
Although the present invention has been described and illustrated in detail, it is
25 clearly understood that the same is by way of illustration and example only and is not to

be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.
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grains froma nozzle so as to cut a workpiece along cutting |ines extending
intw intersecting directions, conprising: a fixing table fixing said
wor kpi ece; 5 groove portions provided in said fixing table at respective
positions below said cutting lines; protruded portions provided in
respective regions of said fixing table other than regions where said
groove portions are provided, in a manner that said workpiece contacts said
protruded portions; 10 support portions provided to connect said protruded
portions substantially in parallel with a cutting |ine extending in at

| east one of said two directions along said groove portions; a frane
portion provided to connect said support portions to each other in at |east
a part of aWbiTds @BeIMIHRLY: of said fixing table; and 15 protection nenbers
attachably and detachably provided to cover said support portions, said
protection nmenbers provided for the purpose of allow ng said water
cont ai ni ng abrasjve i el i i nRRels and

t her eby prevent?hgAggﬁggagkéﬁhggﬁ?ggﬁ?ggk% rg%?%éggggﬁﬁéﬂ rghllng%nging
agai nst sai grasfipat & noz24k qpodstto@nsa wdrkpiére atumigtduttthgdinpaeendingictvodi Ng t o
claim1l1, wherein said protection nmenbers are nade of a material higher in
har dness th@#ﬂgﬁﬂﬂgdﬁ%ﬁ@@%@é“@ﬂ&ﬁﬁs. 3. The cutting apparatus according to
claim1, further 0L LS a |l . =29 menber provided at the outer
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attachabl e to and detachable fromsaid fixing table and said 5 protection

menber s ar ecytisglnesd to said groove portions in a state where said wall

menber is detac hgr%'truded portions provided in respective regions of said fixing table other than

regions where said groove portions are provided, in a manner that said workpiece
contacts said protruded portions;

10 support portions provided to connect said protruded portions substantially in
parallel with a cutting line extending in at least one of said two directions along said
groove portions;

a frame portion provided to connect said support portions to each other in at
least a part of an outer periphery of said fixing table; and

15 protection members attachably and detachably provided to cover said support
portions,

said protection members provided for the purpose of allowing said water
containing abrasive grains to impinge against the protection members and thereby
preventing said water containing abrasive grains from impinging against said support

20 portions.
2. The cutting apparatus according to claim 1, wherein
said protection members are made of a material higher in hardness than said

abrasive grains.

3. The cutting apparatus according to claim 1, further comprising a wall
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member provided at the outer periphery of said fixing table for the purpose of
preventing scattering of said water containing abrasive grains, wherein

said wall member is attachable to and detachable from said fixing table and said
protection members are inserted to said groove portions in a state where said wall

member is detached.
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