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1 ,  Ficltl 01' the Invention 
Ilie present inventiiirl rcliltes tu :I I~I: is t in~ ; ip~hi~ra!~s IISCCI 

fcv ejecting at lhigh speed an c ~ I ~ r : i ~ ~ v ~ :  or grinding in:ltcri.~l 
compusctl of naii~ral silica sand, alumina trr silicirn carhide 
p v d e r ,  g i a s  lheails, fine steel halls, ctc. with a Iluid such :is 
air in circler to i;)rrn a u t i n  linisti pittern or orher pattcrn on 
:I workpicce, or 10 pcriirrni p rwi4on  cngr:iving of glass, 
silicim wtfers, etc., ciisr:rving of the ribs ol'plasma iiispl,~~.;,  
coating engraving, the surface tre:irment such ;IS coating 
pretreatment, or Ihlasling l'or v r facc  proccssing :lncl, more 
p~rticularly, to :I Ihlusting method and a blasting apparatus 
w h c h  m k e  11 pc~ss~hle  to cnlargc or modify a processing 
\licrpc (hzrein . i f~er  refcrrctl to ;IS "processing pattcrn"). 
which is to Ihc Sormcd on the surfice CIS ;I workpiece, 114 
ejectins an dirrrsive ;uld 31sc to ~IISUI-e unilrwii Ihlast density 
of thc .~Ihrasivc in the proccssing pattern 

3. Ilcscription of Prior Art 
fIithcrtir, as 21 suctiirn ~ y p c  blast gun for this type of 

hlirsiitig . I ~ ~ : I ~ : I ~ L I \ ,  a hI:ist gun 10 s l i o ~ v ~ i  i n  l : I( i .  9, Sor 
csa~npIe , t~as  hccn usccl. 'I'hc hlast gun 10 is equipped with a 
gun main Ihotlv I 1  w h ~ c h  has an ,ibr.~.;ivc i n t A  chamher 12 
inti) which JII ahrcrsive is in~roducecl through an .~lhrasive 
introtlucing inlet 24 vi :~  .In ahrasivc. Ixisc 3 1  from a recovery 
tank n f a  hlasiing :Ipparatus. I'he abrasive intake chamher 12 
has 3 conic:d inncr surl'ace I 6  at the f r ~ n r  2nd thi-rctrl', :I 

n o ~ ~ l e  I 4  Iheing provided n t  the conical inncr surf i ic~ 16. 
'l'hc distal i-nd of a , j t t  13  having thc rear end thcrcof in 

communicntion ivith a s~rpply source ol'ctiinpressetl air, not 
shcr\\n, is iilicrrctl in the conical iimcr silrl'ace 16 tiom the 
rear 01' the ~ h r a s i v e  intake ch:lmher 12 so that comprecwd :lir 
having :I relatively high pressure suppliccl from the supply 
source of compressed air, may lhe injectetl through !he 
injection outlet at the ilisl;~l end oi'ttlc jet 13. 

A cylinilricai holder 15 has a t.ipercd inncr pcriphcr;~l 
w r h c e .  I'hc tapcretl portion of the ouier peripheral n o ~ z l e  
I 4  is iittcd to the tapered portion ot'thc inncr periphery o l  11ie 
holder 15 ml the threxletl portion formzil cm the i~u te r  
pcriphcry of the holder 15 is screwcil. for example, to 11ic 
gun main hotly 11 w ;is to wcure thc M L I I ~  I4 to the gun 
n~a in  hocly 11. 

In tile lhl;lst gun 10 constructed as described a h o w ,  when 
[high prcxsur? a ~ r  is irqccted thioilgh the tlisli~l end of ihe jet 
13. which is in communication with the supply source ol 
compressed air, via the hoss 32, negative prcssurc is pro- 
duced in the :~hri~sive intakc chamher L2. Thc negative 
pressure causes the ;~hr:isive in the ri.cowry tank, not shown. 
to hc suckcd into the abrasive ininkc chambi-r 12 via the 
:ihr;lsivc how 31 .  

The abrasive in the abrasive intaki: chxn lxr  12 is drawn 
into :In annulxr 2:1p Ihetwecn the ctrnic:~l inner iurfnce 16 c~nd 
the outer periphery of  the ji.1 13, then i l  r i d e  on : ~ n  dir , ' stream 
injcctetl Itom the jer 13 so thnl it is sprayctl while conically 
dispersing outside the nozzle 14 to frrrm an :~pprosirnately 
circular processing pattern on the surf.tcc of 3 \vorkpiccc. 

In such n conventional suction y p e  Ihiast gun 10, the 
inside di;~mcter of the ejection hole ol' the jet 1 3  is made 
 mall in order to permit high speed .~ i r  stream released from 
the jet 13; therefore, the <lTcctivc injection rnnge wherein 
unilbrm p r c u s s i n g  hy nn ahrasive c jx ted  with : ~ n  :iir 
itream. which is emiitctl from the jet 13  nnil which has 3 

small sectional area, can he achievcil is dctcrrnined Ihy the 
insick diarnetcr o f  the ejcctlon hole o f the  n o z ~ l e  14. antl the 
p ~ ~ r e s s i n g  pattcrn is ,lccorclingly limited. 

the intcnilocl p,lttcrn fornietl Ih!; the Ihlxit gun .  
.' In the procws"iig nicihotl dcscrihccl nbove, hrrwc.vcr, il' ;I 

hl:~sl gun lor :I r e l~ t ivc ly  s m d l  processing pattern is usccl. 
then the hlnst gun ,111tl iir the wtirkpiccc must he movccl over 
a large :1rc:1 I'his requires reliitivc 1111ig time to linish onc 
pruc-sing cycle and d s o  rcqirirc~ tint the lhiast gut1 or the 

1"' workpicc~e 112 rnovccl :~cciir:itcly :it .r const:~nt speed :inti ; i t  

ccinstant i~ntcrv;ils in order to perform unilorm processirig 011 

the workpiecc. thns m A i n g  the 1hI:lsting tlifliculi. For !hi\ 
rexson, lhcrc 1i:is I h n  a tlcrn;rntl Ibr ilcvclc~ping ( I S  a lhl,rsi 
gun xxtlich pumirs  a larser proceshing pattern ancl alsr a 

1 '  unifbrni Ihlast density i l l '  an h r a s i v c  in [hi. processins 
pattern. - .  I h c  suction tvpc hl:~st Sun, b o w x r ,  cannot rncei the 
denland iirr a l;irger p roccss i~~g  patlern l ~ y  using well a 
simply mcthotl in which the in.siilc ilinnicter of the ~ jec t ion  

?'' hole, i .c, the no/zlc. iliamctcr. rif ihe n o u i e  I4 oi' the l i l , ~  
gun 10 is incrc;isetl. 

IS [he inside Jiiirncter 01 the jet 13 is ini~clc l a g e r  I(! 
proviclr L~ I q c r  p r o c c s s i n ~  pattern, then thc injcciion spccii 
:~nd the injection prcssrirc of the :~ir sirearn crnit~etl l'rirrn the - 5 -. jet will c1ccrc;lsc; thcrel;>ic, in orclc~- to maintain the i ~ ~ j c c t i o n  
speccl nnd the injection prcswrc. at cons1:lnt ievels. it wouicl 
he nccesa ry  to employ ii larger c~imprcssor or  the lihc with 
a larger c;rp.lcity :is the suppl! source of compressed air. 

'I) 
inevitalhly making the :rpparatu.q larger ancl more ispenrive 
If the insicle tliamcrer of the n o u l e  or  the jet is increascil to 
proviiic largzr processing paitern.;, then the abr:~sive 1>1,1s1 
dcnsitv in .I processing pattorn would hc uricvcn, resulting in 
uneven hlasting clrects. 

I n  view cif the ~hortcomings of the prior :~rt ilescrihecl . . 
above, the applicant has .~lrestly 3ppliccl the invcniir:!~ on ii 

methoel anel .Ippararus l i ~ r  increasing the width of 3 process- 
ing pattern Ihy cjecting I L V O  air slreams to\v:ircl nearly thi. 
sami: positiins will1 respect tc1 the center of  an injection 
stream of a mixed lluid cornposed of an ,~hr~isive anti 
comprcssctl air crni!tecl from a lhlast gun in such ;I manner 
that tiley hold thc ,jet siretun oi'the mixetl tluid therehetween 
(.lapancse I'atcnt Application N O .  7-70163 ~ppl ic t i  on Apr. 4. 
1005 ntri laid open Ilclbrc the convention tlutc on which t h ~  

I S  prcsent application is hac t l ) .  
According to the mcthotl tint1 apparatus disclosctl under 

.Iap;incse Paten! Applicaiion No. 7-70103, the processing 
pattern can Ihc made signilictmtly wider than that of a 
ccinvciitionol blast gun antl :I uniform blast tlensity of an ,,, abrasive in the processing pattern can Ibc achieved. 

I'hc p rocas ing  patterns p r i~ t l~cc t l  hy the :~krrcsaitl rnethrril 
is limitccl to circulxr or cllipiic patterns, antl i t  i s  difficult to 
change the p r c ~ c e s s i n ~  pattcrris according to the rn\~teri:~l of 
the norhpiecc. the processiiig conditions, proczssing sh:ipe, 

i i  el<., thus limiting the en1;irgcnient of the prircessing patterns 
In addition to the suciion typi- I~lasting apparatus, there is 

a straight-Irytlra~rlic typc lhlasting Ipparn tm I n  this straight- 
hyclr;~i[lic type hlasiing apparsiw, line particles are sealed in 
:in ahrasive lank, comprcssetl :rir is supplied into the tank. 
and the line particles c,jected ihrough :ul outlet connectctl to 
the hottorn of the rank arc ejected with thc compresvd  nir 
through the nozzle; therefore, this type i~l'lhlasting appar:itu.\ 
docs not have the n~emlhcr crrrrcspontling to (tie jet o f  thc 
suction type Ihl:~stiny appar;ttus. making i t  possible to easil? 

oi cnlargc the processing patterns Ihy increasing the insicie 
tlicmcter of' the nomlc.  fhc straight-hytlrai~lic Ihlastmg 
apparatus, however, Ihns shortccrniing such a s  the need for 
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li) this end, according to one tlspcct the prescnt 
invention, thcrc is provitlccl a lhlasting method in which a 
nozzle 42 is ilisposcil in the front of a jet 13 in comrnani- 
cation with a supply zvurcc of cornprcssed air in ,in air 
~jcctirig tlircction. an i~I>r;isive in tin : i /~r :rs iv~ intake ch;imbcr 
12 in communication with an ahrasive snpplv wurcc  clis- 

POSZCI I > C ~ W C C I I  the jet 13 i d  :he n o ~ z l c  42 is sucked in Ihy 
:in air slre:im cmittctl from the ,jet 13. :ind a iniseil llrsitl of 
tlic ahrasivc ;~ncl the coinpressed air is cjcctccl 1111-ough ~ h c  
nozzle 42 to the siirf21ce of a workpiece W; 

wherein sccontlarv cornprcssed air, which has heen sup- 
plietl from llir s~i!>p!y W I I  tw 111 ci~m~>rc..;.s:il riir. i.; intrnil~iccil 
:it the front of the n o u l e  42 in a mmcl  fluid qjccting 
direction and rncrgccl with the c,iectcd streom 01' the ~nixctl 
Iluid, and an ejcctctl strcam of a seconrlarv miset1 Iluitl 
which has hccn merged with the szcontlary a~inprcssccl air 
is in,jc.ctecl in an ahrasive dispersion space forrned to hxve :in 
i1113itrai.y cr0s3-stctional sh:ipe ai the I'rc1nt in the sccc~nclary 
mixed lluitl ejecting tlirectir~n, :~ntl 

an ejected stream of the secc~ndnrv mixed Iluicl, which h;is 
Iheen introclucccl in the ilhrasive dispersion space, is rectilietl 
to the cross-scction;il shape of the al~rasive ili~persion s p x e  
and cjcctcd to thc surC.icc of thc workpiece. 

i'urthcr accnrdinp to another aspect of the prcscnt 
incention, thcrc is provided a h l a t i n g  apparatus cquippeil 
with: a blast gun which t1r:iws in :incl elects : ~ n  .ihrasive 
suppliecl I'rom an al~rcisive supply sourcc by ,in air stream 
supplied Crcrrn :I supply source of compressctl air; wherein 
the lhlust gun 40 is providcd with a i loo lc  -12 in the air 
?jccting direction of a let 13 in cornmunic,iiion with the 
supply source of compressed air, an nlmsive intakc chamher 
12 in conirnunication with ihe nhrasive supply sour<<, 
hetween ibejzt 13 and the nozzle 42, anti a nozzle cover 49 
urrouncl ing the n o ~ ~ l e  42 with a predctcrmincd gap 
therchctween,ancl a passage 43 of compressed air in com- 
munication with tlic supply sourcc of comprcszt l  air 
hetween thc nuter surface of the ntr~zlc  42 ant1 the inner 
surface of the n o ~ ~ l c  cover 49, the passage 43 lx ing  opened 
in the ejccting direction of the n o z h  42 so as to merge the 
p s s a g e  43 at the front in the ilirecrion in which the mixed 
fluitl is injected Ihy the nozzle 42. 

.2ccortling to yet another aspect o l  the prcscnt ~nvcntion. 
there is provided a b l a t i n g  apparatus having a nozzle 42 at 

'fhe object ; i l l i I  ntlv;mt:~ges of the invention \till liecome 
irnilcrstootl from the following tletciiletl tlescriptioii njf pre- 
l r r c t l  cmhocliments ihcrcoi' in co~~ncc t ion  W I I ~  i l x  : ICC~I IW 

panyinp drawings in whic l~  like numernls clesignat~. l i k ~  
ekrncnts, antl in \vhich: 

FIG. 1 is a longitudinal section;il vie\\/ of :I hlaat gun used 
in the present invention; 

;. 2 is 3 li.:igmentary scction:il view :it I he line 11-Ii of  
I'IG. I ;  

the present invtntii~n; 
I.'IG. 4 is a pzrspcctivc view iIlustr;rtive of an cmhodirncnt 

of :~n :~hrasivc dispersion charnlxr o r  a tlispcrs~c~n no;./lc. 
accorcling t1.1 the present invcntic~n; 

FIG. 5 is a sectional view at the line IV-IV oi' I:I(;. 4; 
I7G.  6 is a general schematic view of .I 1hl:isting ;Ippar:lfili 

:iccorciing to the present invention; 
1:1(i. 7 is a general scl~einatic view oi' the Iblnsting :ippa- 

ratus according to 111s present invention; 

FI(;. 8 is a perspective view illustrntivc of the in~erior  of 
an ahrasive wpply device iiccciriling to the prcsciit inven- 
tion, i~nd  

I'he Ihlasting apparatus used in the tml~otliment 1s a 
pneumatic s~~c t icm type l>iiisting apparcilus ax showil in f ' I ( ;  
6 antl [:I(;. 7 .  I n  1:1(;. 6 and 1:1(;. 7, a ciihinet 61 is equippcti 
with a supplying port through which a workpicce W is 
lo:iilecI or iinloatlzd; provitlctl in the Lxbiiiet 61 is a !>last gun 
40 which is connected to an : ihrmvc dispersion ctiarnber- 52 
2nd which cjccts an ahr:isivc to the workpicce W fed through 
h e  supplyin:: port. 

i\ ihoppr 68 is provirled at the lhottom of the cclhinct 61: 
the hottorn cnrl of the hopper 68 is communiciitetl to the top 
of a recovery tank 70 f ~ i r  collecting an ahra ivc  which is 
inrtalled on thc lop of the ~.:~Ihinct h l  via a conduit 65. 

f h c  rcclwcry tank 70 is a so-called cvclon collector lor 
separating clnsl from an ahrasive; i t  is constituted, as shown 
In 1.'1(;. 6, lhy ;I cylindric:il section at the top and A crmicni 
section at ihc Ihottcrm IV hich is grntluallv titperccl tow,irti th t  

Cnnv nrnvirid hv 11CPTfl fmm thn C41R Imarin natnhaca nn 13.11-1QQQ 
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* J . l l  

9 
I'he ahr;rsi.i~c tlispcniiin ch:tmliir 52 inlo which thc we-  

onilary m i u d  lluitl ciimpc~scil oC the almsivo .rncl the 
cciont1:rry c~~inprcssci l  :iir crnittcd fri>rn the Ihl;~st gun 40 i~ 
intrc~tiucctl mil which cmits i t  in the limn ol 'a hl:tat s r r e m  
having a ilcsireJ sh:rpc cross scction is ~on~-iectctl to the 
cjecticin port 47 of tlic blast gun 40. I'his enaliles tlie 
processing p:rttcrn to he forrnccl to thz shape 01' the cross 
section of ihc abrasive disper.\ion chamber 52.  

.4s sh(1wn in FI(;. 4 mtl I:I(;. 5 ,  this ;iliraxivc tiisj~ersic~n 
chamher 52 con he tliri'ctly connected to the distal cnil of the 
Ibl:rst gun 40, in this cmhoilirnenr, howcvcr, ihc ,rhrcrs!ve 
ilispcrsioii ch:rnihcr 52 i i  communicated to the h l ~  gun 40 
via 3 hose 33 which is sccurerl 111 the inncr periphery of the 
n o ~ z l c  cover 49 01' the I h h i t  gun 40 tinil wtiicli is connected 
lo ,I cvlintlric:~l merging no~zl i :  45 jctting out in the alxas~ve 
ejecting tlirection. 

. ,  Ihc t~lira.qive ilisperswn ch:lrnbcr 52 l\liictiirns to intro- 
duce the hi31 stream ofthe sectlntlary rnisctl llu~il compiisctl 
of the ahrasivc and the scconiiciry ccimpressi-il air cniitttil 
from the 1hl;ist gun 40 : ~ n d  rectify tlic Illast stream io the 
shi~peol ' the cro.;ssection of ihc trhrasivz dispersion chnnticr 
52  h e k m  ejecting it  so cis to increase the width o l  a 
processing pattcrn. For this purposc, thz allrasi\c dispersion 
ch:~mher 52 has a n  ,rhrasivc ilispcrsion space for dispersing 
and rectii'ying tht .;ccond,iry ~nisct l  t b i d  composed ot' the 
a h r ~ r i v e  . ~ n d  the rccond:rrv compresscd air intmtlucctl from 
the blast gun 40. 

'I'hc: ahrasivc dispersion space is h rn icd  such that it is 
wiilcr towcird il co~nrnunic,lting orifice 55 antl narrower 
toward an al'rasivc cjtcting orilicc 54. More speciJica11y, the 
allrasive dispersion chamber 52 according to this ernhodi- 
rricut i h  f ~ i r i n d  to have a ~ec tc ingu l ;~  cross section mcasur- 
ing 30 mm hy 100 mm lirr a length of 100 n1n1 tiom the 
cornmunicc~ting orilice 55 toward ihe ahrasivc ejecting ori- 
lice 54, antl the rectangu1,rr space continues to nn .rhrasivc 
dispersion scction 520 which is gradually tapered lrom the 
30-[11m ~viilth cind which continues lo an ahrc~sive rectifying 
section 54h measuring 0.7 mm h v  I00 mm. 'l'hc h ras ive  
rectifying section 52h is formed to have the sirme rcctnngu- 
lar cross section as the ahrasivc ejecting orilicc: 54; it is 50 
mrn long. 

In this cmhoiliment, [he :iliraive cjccting orifice 54 and 
the ahmsivc rectifying section 52h are formed tu have the 
0.7-mm short sitles 3s mcntiilnetl ahove; howe.i.cr, the short 
sides mayhe ch,~nyctl within the range 01'0.05 mm to 5 rnm 
according to the type of rnaterial of a w)rkpicce, processing 
conditions, rccluirecl processing accimc;, ctc. When using a 
pnlveriztd ahrasive oi' #240 to #WOO (average particle 
d i m c t e r :  5)i to XO!i according to JIS6001). it is pret'crahie 
that tht short sicks ,rrc 0. I mrn to 3 mm liccause if they elre 
.;rn;ilier than 0 I mrnn, then the drag ijn the inncr wall 
surfacc ( i t '  the abrasivc ~cctii'yiny scction 5% increastis, 
whercns if they are larger th:~n 3 mrn, tbtn the proh1t.m ~ c t  
forth helow would arise whcri the pulverized abrasive w h ~ c h  
has Iheen ejected frclm thc tlhr:rsive rectifyins section 52h 
humps against J workpiece antl reflects. 
h part of the abrasive jcttetl from the center in the depth 

direction of dlrasive rectifying section 52h Iionnccs nearly 
pel~pentlicu1:~rly when i t  hits the workpiece antl reHccts, and 
the I~ouncccl :~hrasive I,umps ;rg:rinsl the li~llowiny e jcc~ed  
ahr:iive, c ~ u s i n g  various p rob i~ tns  in which \he ,ihras~ve 
accumulates on the tbottorns of line grooves to /he processed, 
or the energy of Ihe sulisequent abrasive is exhausted. or  the 
cibrasivc reilccts in random directions and the ahrnsive hits 
the side wall surfaces of the line grooves to he proccssctl. 
scraping the side w;111 surfaecs. 

10 
I'refer:ihly, thc long \itit <,I' the cnrss section of thc: 

at~rasivr rectifying section 5% is '11 Icc~st ten ~ i rncs  as long 
:is the short side. S~ecilic:111~, when the short side is 0. I mni 
t i )  3 rnm, the long 5idc sho~11il ihr 25 rnm to 500 mni. 

; Further, the :ihrasivc rectifying sccrion 52h is pre i ' e ra l~ l~  
at least Len times as long as  the short sick oi' the c rcw section 
to impart straightness to ejcctetl abrasive. 

'l'he shapc of t l x  .~lirnsivc tlispersior~ \ z c t i c ~ ~ ~  52u is not 
lirniletl to the irl'oresaicl trapemid in cross \cctic.m: i t  ma! 
altcrn;itivcly he an invcrse trimgutar shape, etc. in cross 
section. IL~kcw~se, the shape 01' the c~hrasivc ejecting o r~ l ice  
54 is not limited to the long, narrow rectnngle; the ejecting 
orilice 54 may allern,~lcl> have ;l Icing, narrow cross scction 
ccirnposed of n cornbination of nn ;ire p r t  of an cllipsc or 
nther cun7e such 3s u1idu1;iti~~n iuid :I straight line ur the like 

I 
t.'l.)rming the allrask~c eJecting orifice 54 of tho alirilsivc 

dispersion chamber 52 ti1 :I long, narrow itqx makes i t  
possihlc tc l  iiicreirs~ the width i;t' the processing pattern. 1:or 
instance, when pcrl'orming such machining :IS grinding for 
f o r n i i n ~  a plurality of parallel line groci\w to produce the 

' 8 )  - rills o i  :I pla\nia clisplay panu1 (PDI'), positioning the long 
sitles cif the allrnsivc jetting orilicc 54 e)rthogirn:rlly in 
rclati~un to !lie n ~ o v i n g  dircctii~n uf thc i~lxst  gun a r  21 

wi~rkpiece ant1 \etting the moving tlirccrion in par:rllcl to rhc 
lengths ilf the rcccssic,nr or grooves to be f((irmcd on the 

2 7  w o r k p i c a  mcrkc i t  possihie to form many grooves or  
rcccssccl portions at the same time while making the grintl- 
ing depths of the grooves :rpproximakly {he s m e ,  thus 
permitting higher machining ciccuracy. 

When the h i a t  gun 40 or 10 is comniunicatttl with the 
.:,I ccmmunicating orifice 55 of the abrasi\c tiispcrsion cham- 

her 52 cc)utigurztt :IS tlilscr~bed crlxive vi:~ the hose 33 
cimnectecl t r >  the distal cnd ofthe hlast gun 1 0 o r  the merging 
chamher 48 in con~niunication with the sirpplv source of 
ccirnpresxd 11ir to introduce tht: blast stredm of tlie seconci 

3i mixed lluicl into the ahmsive dispersion chamber 52,  thc 
lhi:x.<t ~if'(!ie s ~ c ~ r ~ l ~ l : ~ ~ y  niise<! f!uit!. the py<:;:,ure of*flhich ha,\ 
been incre:rsctl from the mcrglng with the secondary com- 
pressed k ,  ~ ~ S J I C ~ S C S  in the ai,msivc dispersion section 52ir. 
'Then, the t~hrnsivc in the sccontlary mixed iluicl Ilumps 
against Ihth d c  walls 58 .  5X i>f the Ir>ng .;ides of thr 
rectangular croxs scction of the a b r , ~ s ~ \ v  dispersion section 
520 cif the ahrasivc ilispersii~n ch;lmlicr 52,  mil  ihaugcs it,\ 
direction hcl'iirc i t  disperses. 

Suhseipen\ly, the secontlary niixctl Huitl i \  pushed out I ( >  

,i the abrnsivc rectifying sectkin 5 3  continuing from thc 
:~hrosive ilispersicln scction 520, and the cross sectitin of the 
seconclnry rnisztl fluid is ;hanged to the long, narrow shape 
in the atirasivc rectii'ying section 52h. 'l'he irihmx~l pressure 
of the crlirc~sivc tlispcrsion scction 52n is further iiicre,rscd to 

s, j  promote the dispersion of the secontlary misccl Iluitl, ant1 the 
sectmtl:~ry miscci lluid introducccl into the ;rhrasive rcctify- 
ing section 52h is rectilictl in the abrasive rectifying section 
52h and inip;rr~ccl s t rnightnes Ixfiirc i t  is p~ojected thrciugh 
the .ihrasive eJecting oritii,e 54. 

ii In this ~mhodirncnt ,  the alhasive ej t i t ing c~rilice 5-1. cor- 
respincling !o the long \ides is linear in the hor imn~nl  
direction. I'he a l m s ~ v e  ejecting orifice 54. howcvcr. may Ile 
angled to ;I short side; in this c~ l sc ,  thz cutting cffLct or t h i  
depth may Ihe chanyzcl accorcling to cliffcrent h l a t i n g  tlis- 

',ij tilllces. 
PrcFcrahly, especially when :I pulveri7ecI aivasive is used. 

thc distancc from the abrasive cjectinq orifice 54 of the 
ahrasive rectifying section 5 2 / ~  to a workpiece is crpproxi- 
matcly 100 mrn or less which harcll!~ ait'ects [he cutting 

,,s dtpth.  I ' h i s  is lxcnusc an ahrasive would losc irs str:~i.;h~ 
~riivmcing property ~f the injecting dir;tancc is excessively 
long. 
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'l'hus, tbc blast ol' tile scccrnilary niistcl lluid ejccteti from 

the hli~st guil 40 can he a s i l y  enl;~rgccl lo thc shape the 
cross scction of the nhr:lsivr reciifying section 52h In 
ailtlition, thc blast density of tlic alirasive in the cross section 
of the ahr.~sive hlast is rnaint;~inetl 31 a constant level, 5 

permitting uniform machining of 3 workpiece in the Ipro- 
cessinf pattern. 

The Fnlli~wing .;bows the results trfm:~chining workpiems 
hy lisirig a I~lasting appiir,itus \vliictl incorpcrrr~te the I>la,t 
g u n 4 0  and the ahrasive dispersion chamher 52 constructed 1') 

a tlescrilxd ~ h o v c .  

Under the processing conditions shown ahovc. the nozzle 
was iised and the ahraswe was injected for one minute As 
a result, an i~riiice almost ;is 1:irge as the abl-;~xive ir~jrctic~n 
p r t  -54of the dispersion noz71c .il wa cut on  the workpiece. ~ I J  

I h e  cut iir~liee was 380 ! r  deep : ~ n d  it had a tlat hotiom 
with an  ~~pprouiniately uniform rcciangular cross section. 
I:rorn this rsiult, it is unclerstot~tl that the Ihlasting apparatus 
in accordance with the present invention is able to increase 
the width of the processing pattern to ahout 31 times the 4i 

inside cti:imeter of  (he irilection orilice of ihe jei of the />last 
gun or  ahout 14 times the inside tliamztcr oi' the n i ~ ~ z l e  
injection orifice cinct it is also :11>le to ensure J uniform 
injection density of the ahrasivc in the processing pattern. 

5 , )  
Hence. the hlasting apparatiis according to rlle present 

invention is suitably applied io the I,iaxtirig wherein high 
:iccuracy is required .IS in the npplicatiirns o f  precisicin 
maciiining and micro-machining. 

- - 
i'rocessing Luample 7 ,, 

A silicon wafer as  ;I workpiece was machined unclcr the 
same proccssing conditions as in I'roccssing Example 1 
escept th:it ths secontlury comprcssctl air pressure was  set to 
I .O kg cm' 

hi) 
As a result oC cine-minute in,jection of the abrasive to the 

wc3rkpiece u n d c ~  the pi-ocessing crrnditions menticlnccl 
almve, an orifice approximately ;is large as the injectinn pcirt 
of the dispersion n o z ~ l e  51 w , ~ s  cut o n  the w ~ r k p i e c e .  

'Ihe orilice was  350 ! 1  deep and it had an even depth and o i  

a Bat hottom, proving that the abrasive injection density in 
the enlargeti processiny pdttcrn is uniform. 

cessing p;ittern c m  lhe c;tsily enlarged or chal~gctl in :I 

suction type Ihlasting appxatus, and the i~ijection density of 
an ahrasive in tile enlarged or changed processing pattern 
<an lie n~atle uniform. 

Moreover. ;~ccorcling to the I~ltisting incti~ocl a i d  t i ~ c  
h la t ing  apparatus in accnrtlancs with the present invention 
which cmpluy the ahr;~sivc ilispersiou chamher 52 en:iklc 3 

processing p t t c r n  to he further enlarged or changctl, xncl thc: 
injccrion density of an ahra.sivc in the enlarged or changctl 
processing pattern C:III he made w e n .  'The processing pattern 
can b e  changed to a tlcsired s h ~ p c .  

Firritiermc~rc, ,~ccoriiing io the I>l:lstiiig tipparatus o i  the 
present invention, ,I processing pattern <.:In he c.~sily 
enlargcil hy replacing the Ihlast gun oi' a conventional blast- 
ing ~ p p a r a t u w ~  124 installing the blast gun :~ncl thc ah[-asivc 
tiiipcrsiun chamher in L~ccordance with this invuntion. 'l'his 
rnclkes i t  possihle to cll:ctivclv use nn existing 1il;lsting 
apparatus, thercl~y saving cost. 

As iliscussecl t~lhove, the I7lat gun cmployecl in this 
invention is characterired hy the structure ol' the disial cntl 
thcrcof; other cclmponents including the hoilv and thc jer 
share the same structures ol'a ionvcntion:~l l a o w n  hlust gun. 
thus permitting inexpensive, casv manufacture thereof. 

'l'hus, tlic Imatiest claims that ti)llow ;Ire not tlirc~tccl to 
a m.~i.hinc that is conligurc in a specilic way. Instcad, said 
Imatlcst claims arc intended to prolect the heart or ehscnce 
o f th i s  breakthrough invention. This invention is clc:~rly ncw 
antl 11.wf11l. Moreover, it ~ 3 s  not ~ I w i o u s  to those of urilinarv 
skill in the art at the timc i t  was nxidc, in view o i  the prior 
art when consickred as a wholc. 

Moreovzr. in view of the revolutiirnary nature ill' this 
invention, it is c1c:irly a pioncering invention, As such, the 
ci:~ims thai i'oiiow :ire en~itieti to very ihroati interpre~ation 21s 
to proiect the heart of ihis invention, 3s a nliitter of l a w  

It will thus he seen that the objects set forth ~liwvc, and 
those ir~atle appueni  from the foregoing ilcscription. Lire 
elticiently attained. Also, since Lertain changes may Ihe m:~de 
in thc nl~ouc construction withutit clcp;~riing from the scope 
of the invention, it is intentlecl that all rnattcrs contained in 
the foregoing tiescription or shown in the acct~mpanving 
drawing5 sh;rll be interpreted ,is illuitrativc nnil not in a 
limiting sense. 

it is 3150 10 he ~rnclerstootl that the following claims are 
intentled to cover rill of the generic antl specific l'e:~turcs of 
the invention herein described, :lnd all statements 01' the 
scope o f the  invention which, as a matter o i  language, might 
lhc said lo iall thcrchctwcen. 

Now [hat the invention has Iwen descrihetl; 
What is claimed is: 
1. A Iblasting method whertin: 

an ahrasive is drown in via an abrasive inlakc chamher. 
which is formed between stlid jet and a n o ~ z l e  disposed 
at the front in the air injecting tlircction o f s a ~ d j e l ,  Srom 
an ,~lxasivc supply snurcc in communication with said 
ahr:~sive inlakc ihamher; 

sccontlary comprcsseil ~ i r  supplied from said supply 
source of compressecl air is merged with :I primary 
mixed iluitl which is ejected from said ntv.~lc  and 
which is composed of said abrasive :inti prim:~ry com- 
pressed air in hont o f  said nowlc in the direction in 
which said primary mixed Iluitl is qjrcted; 



a workpicce. 
2. A l>lnsting methotl according to c1:iim I ,  wherein: 

the blast strcam of s i d  prirmrv niiscil Iluid is merged 
with saitl secondary comprcssetl :rir; :~ntl saitl seiwntlsry 
~nixccl !hid proilucctl liy rneiging , l i d  pririi:~r!; iirisctl 
Iluitl with saitl secondary compressed air i i  intrciiluccil 
into :hrasive dispcrsio~i spacc :II the froni in h e  ilirec- 
tion in \vhicti said secondary miscil llr~ici is e,jccted. 

3 .  A lhlaating method according to claim 2 ,  wherein the 
:il>raivc ilispcrsion secticrn has :I long sitle cstentling in the 
ilireciion oi'tlie rn,i.jor axis ol'tbe c r ~ ~ s s  scction the mi~jor auis 
of the cross zcction i ~ f  s,~itl nhrasivc clispersion .;pace which 
is oriented such that it is orthogonal in rzhtion to the rnovmg 
direction oC a I>li~st g ~ ~ n  or  a w~)rkpiccc,  :inti saitl moving 
direction hcing parallel to the Iougituilinal direction 01' ;I 
rccessctl portion or qroovt to be forrncil on  saicl \wxkpic~.c 

4. A blasting method :~ccording to clair'n I ,  whcrcin s:~itl 
shrasivc icctifving q ~ ; l c e  has a c~o. is  scciioir compclseil of a 
long sitle or :I malor axis which is at Itlast ten time\ longcr 
than a short \ide or ;I minor asis  and h a  ;I height wliich is 
: ~ t  Least ten times higher t h m  said short side or \aid nilnor 
;ISIS. 

5.  h blasting mcthoil :iccortling to claim I ,  wherein s:iiil 
:thrnsive reclifying scclion is narrok\ ant1 long, the shcirt side 
crr the minor ,lsis of thc cross section thereof being 0.1 mm 
to 3 mm, and thc long side iir the major axis ihcing 2.5 mm 
10 500 mm. 

6 .  A hla t ing  method according to claim I ,  whcrcin the 
cross section o l  thc alhr;tsivc dispersion spacc has :I long side 
or m.~jor asis oriented w c h  t h ~ t  thc long sidc or ~i i ;~ior  , ~ u i s  
is orthogonal in relation lo the rncoving ilircction ol'hlast gun 
OI-  a wcirkpiecz, :rnd wherein saitl moving ilirc~tion is 
1~1rallcl to tlie Ionrl,ituclirial direction of a reccactl ~iur  tiail ur 
;I groove tci he Sormetl on saitl workpicce. 

7. A Ihlasting apparatus comprising a suction type Illart 
gun equippecl with a nclzzlc :I[ the front of tile :~ir  ejecting 
direction of a jet in communication with a suppl> silurcc J I  
Ihc front of the air cjciting direction of n jet in communi- 
cation with a supply source of cornpresctl air ant1 an 
ttllrasivc intake charnlxr in communication with an ,111rasivc 
,supply source hetween saitl jet and s a d  nozzle; wherein 

Sor c j c c l i n ~  ~n a h r m v e  :ti J i'rclnt end tixrcol'. 
9. :\ Iilasting ;~ppart~tus i~ccording to claim 7, wlicrcin said 

cihr:rsivc tlispcrsion ch:rmlxr h;is :I narrow, long cross 
scclion, the short \ide or 111c minor asis rlicrcoi' lheing 0.1 

t i ispmion xc t ion .  the cross s e a i o n  of which hecornzs 
grailually m : ~ l l e r  widthwise in the ilirzition in \vhicli said 
secondary misztl Iluid 1s ejccreil, and an al~rcisivc rectifying 
\ecticx which is !;rr;::cd in fii;nt of inid ~il-,i,tai\e ~iispcrsion 
scction anel which hris a rcct;~ngular cross sccrion. 

11 '4 l ~ l : ~ s t i ~ i ~  ; I ~ ? ~ I ~ L I S  i~cco~c l i r~g  to <I:I~III  7, \ ~ I I C I C I I I  
.;:lit1 .hr~is ive cl~\pcrsion chaml?er has a long, iiarrim re>[- 
angular Lross scction having ;I lorig sick or a i1iaji.r u i s  ( > I  
which is ;it Icasi ten times longer t h m  a short side or  minor 
axis, saitl cross szction Ihing maintain for a lcngtli which is 
;it l e x t  ter~ tirnes s;~itl short side or a i d  minor nxis, mtl the 
chnmher hcinc provided with an abrasive cjcctioi~ aperture 
for e~ec t ing  :in :~l>r:isive 31 a i'rcint mil  tircreLaf 

12. A blasting apparatus ,~ccorcling 10 i l :~im 7, whcrcin 
said ,~iir,~sive tlispcrsion chamhcr has a narrow, l t q  cross 
section, the short \icic or  the minor axis thereoi' heing 0.1 
mni io 3 rnm xitl t11c lung sidc or thc majI)r axis thc.rcoC 
Ihcing 25 mrn to 500 mm. 

13. Bks t ing  a p p m t u s  acccircling to claim 7, wherein s;titl 
I>lat gun hiis .I comprcwxl air passage in cunmunication 
wit11 \,lid supply sciurcc of ccirnpresscd ,~i i  Ihctmec~i thc oi~ter  
s u r f ~ ~ i i :  of said n o / h  :in(! the inner surface oI 'a component 
such as J notzle cover or 11 gun hociv which surrounds saiti 
nozzle with ;I pretlctcrrninctl gap therehetween \ ( I  as to 
p r m i t  purging with the I1la5t strenm of said mixed Huitl in 
frtrnt o f  soicl nozzle in the direction in which saitl miscil Iluid 
is cjectcil. 
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