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-4 NVENTI ON The present invention relates generally to manufacture repair
of machine parts, and, nore specifically, to surface finishing of such
parts. Machi-nes are assenblies of various parts which are individually
manuf actured and assenbl ed. Machines typically include netal parts,

al t hough syntheétic and COW%?LA?EW@E‘@A@ES@[I&?Bﬁﬁ}IGSGd' And, each part
or exanple, neta

requi res specialized nmanufacturing. | parts may be o
fabricated fromnetal stock in the formof sheets, plates, bars, and rods.
Met al par t BAGKGRIQGIGNDeOF GTHE INVENIION ng or forging. Such parts may be
machi ned to shape in various manners. Machining requires the selective

renoval of terial .to configure the, part tq its final . shape.,and size
wi thin sui THBIRESRAETVERHoR Frigtes @earially de meyilhetiure sndctenpis & RGPS ang -

wth a suitabl ' } ] e BoH; j ¥ snooth or polished
without b erﬁ@%élégé%ﬁgﬁyég&%%m#sﬁg%ﬂ?ﬁ?ﬁg ‘process of a given nachine
adds tinme and expense which should 'be mnimzed for producing a

conpet it i viMachines aeel apseothlies .of | warions pddsiwhich ard indivdduallys niasefactmed sodp i n
t he manuf act ur | rocess to:ayoi.d,.damagi reyiously finished portions
of “the. par ESSFmbH WARInE bRicALY dncaeaa Pars T oPHL st s fouliote
steps. Gaspiry AhPals6BEREE AhS, &h PiATeGAredispéciflpdd anuiRalin}e havi ng nmany
parts requiring precise manufacturing tolerances and fine surface

finishes. A typical engine includes a nmultistage conpressor for :
pressuri zi Fier exampigi wietal parts veay be fabricgted fromametab atiogk i theafoami ghsheets, f or
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power s t hep#&ityaLbe Machined teshape/id vasouy Rakneifi ne provi des out put power,
such as powering a fan disposed upstreamfromthe conpressor in an aircraft

engi ne : _

9 Machining requires the selective removal of material to configure the part to its final
shape and size within suitable manufacturing tolerances, typically expressed in mils,
and with a suitable surface finish which is typically smooth or polished without

blemish.

Each step in the manufacturing process of a given machine adds time and expense
which should ‘be minimized for producing a competitively priced product. It is
desirable for each subsequent step in the manufacturing process to-avoid damaging
previously-finished portions of the part which would then require additional corrective

finishing steps. _ N

Gas turbine engines are an example of a complex machine having many parts
requiring precise manufacturing tolerances and fine surface finishes. A typical engine
inc!udes a multistage compressor for pressurizing air which is mixed with fuel in a
odlt‘ibustor and ignited for generating hot combustion gases which flow.downstream
through one or more turbine stages that extract energy therefrom. A high pressure
turbine powers the comi)r&esor, and a low pressure turbine provides output power,
such as poWering a fan disposed upstream from the compressor in an aircraft engine .

application.



application. .1 The engine thusly includes various stationary conponents,
and various rotating conponents which are typically formed of . high
strength, state of the art netal and conposite material's. The various
parts undergo several steps in their manufacturing and are relatively
expensive to produce. Many of these parts are in the formof annul ar
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be fabricated or cast to substantially its finat size and surface finish
except. for FImREsitsapMerialag The vapious pade underge sevaralstens i theisimanufactwing ssor |
casing has gpyy Vs ed for supporting correspondi ng

vari abl e conpr egggﬁé;%gg pll\)}g'?g f‘o)?ugrr%unt ed therein. Each row of bosses-is
initially cast with excess material around the common dianeter thereof,

whi ch excesklanpioftheske pastsraperiyy deb formaofV sririul £ adasings haviag! ciel6r #brd Rsws of
required final o ter_ﬁ%i aneter of the boss row. [Each boss is initiall él
hol e

solid as cassesary tyRiGH]i hass is e mised @tindgical| protiysipn extendingrrgdially outward

in which t ' . | e r e. ] .ater
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burrs al ongashes, tuayi be fabricitek oplcasthie subsamdslly gl fisdlvazé and harfdie Erighon of

turni.ng, with the |lLeading. edges typically having a O relatively sharp 90
.., corner .e"%[}%h?@ m@%%agpfﬁw&wf enmovi ng the undesirable burrs, and
the. remaining sharp corners are preferably radiused for renoving

extraneous FgMtexahdle, tEHRAI b res&ﬁ%ix%gmgﬁliaﬂ I ngq{iwmeéhg%f?@hged

around the perinmeter edges of each of t seve osses i n each
several axisupprting cotréspogdingptarinblelcouprpiserx vanes tpinatally monnated dhaeinn Eavht | ca

aut omat ed RERCEFBOLEs i€ rllr(?iti% )ercggto\rmeﬂxdeex%légsr Imr}lgen%?dar(r)lzlirgjd Ltj'lsé c m?nro% diameter '
thereof, which excess material is removed in a vertical turning lathe to the required

final outer diameter of the boss row.

_ Each boss is initially solid as cast, and requires subsequent drilling for forming a
through-hole in which the spindle of the corresponding compressor vane is later

inserted during assembiy.

The tuming operation typically forms sharp metal burrs along the trailing edges of the
bosses, relative to the direction of turning, with the leading edges typically having a

- -

relatively sharp 90'?._: cormner.

Dei»urring is required for removing the undesirable burrs, and the remaining sharp

corners are preferably radiused for removing extraneous material therearound.

Simée deburring and radiusing are desired around the perimeter edges of each of the
several bosses in each of the several axial rows, the geometrical complexity thereof
renders impractical automated processihg, and therefore deburring and rédiusing are
typically done by hand. One advantage of hand processing is that the'surrounding jJre-
finished surface of the casing is readily protected from any additional material

removal therefrom.



typically done by hand. One advantage -of hand processing is that the
surroundi ng pre- finished surface of the casing is readily protected from
any additional material .renoval therefrom 2 But, a significant

di sadvant age of hand processing is the correspondi ng anount of time and

| abor cost assocrated therewith. And, hand processing is subject to the

skill of t oper ator d-perfor e pf _the.handzheld ari ing_tools

Cypl cal Ly Uit 5 SR anE Al et ohiiend BROESITAR e uhrSRrRidp iRt BF,
boss to bosgimd shd BBo\&sb hssbiated théreWithsS AW, Hafd Provesiinl RestBsdt te iR skill
whi ch requires scrapping the entire part, with a corresponding | oss of

nmoney. . Acobithé wpemtoriand perflumianeel of dhe hend-deldagrindipg doeld typisally aitilized
treating a r.kpi ece avi ng hosses protruding fr.om urrqundi n urface -
w hout a1 SaSEranediRe FRARGIHIE pspapr b R Bt HEVPRUERE o A
fluid streagipods May BB ALMALPbSOHd Repihit’ maﬁ%g\ﬁﬁésfmpi@mesénarmﬁ wiftes eof

to form a boundary | ayer atop the surface. stream of pliant shot is
scrubbed acrogespohdingdess of mnegel ecti vel y abrading target materi al
therefromwhil e the boundary |ayer protects the surface from abrasion.
BRI EF DESCRI,PTI JHE .DRAW NGS The invention, in aecordance with . :
pref errod afS-UREEN-4l §* JRB WeRrpLice, By UoREy S8 prodtsf i Fesingop Skorkpisre
advant ages hidhg®bssek ?rdfﬁkﬁn@%fﬂ & shrbtndifie Serfadeadithdut afRcting® shrPyde Thish
detail ed description taken in conjunctiron with the acconpanyi ng draw ngs

in which: Ffhgmeaf. 1 is an schematic representation of a nethod of treating d
wor kpi ece having. protruding bosses in accordance with an exenplary

enbodi nent Fﬁrﬂ%ﬂﬁ, j Agure 2 is an enlarged, partly
sect i onal wgie{\}vf:js‘;g a por i%llﬁl 0 e corr%ggssor casing illustrated "in

Figure'l illustrating exenplary steps in the manufacture thereof,
: A fluid stream is discharged along a workpiece surface toward a boss thereof to form

a boundary layer atop the surface. A stream of pliant shot is scrubbed across the boss
- for selectively abrading target material therefrom while the boundary layer protects the

surface from abrasion.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, in accordance with preferred and exemplary embodiments, together
with further objects and advantages thereof, is more particularly described in the
following detailed description taken in conjunction with the accompanying drawings

in which;

-~

Figure 1 is an schematic representation of a method of treating a workpiece having:
protruding bosses in .accordance with an exemplary embodiment of the present

invention.

Fi\g'ure 2 is an enlarged, partly sectional view, of a portion of the compressor casing
illustrated 'in Figure 1 illustrating exemplary steps in the manufacture thereof,
“including removing burrs from the bosses thereof using the apparatus illustrated in

Figure 1.



i ncl-uding renoving burrs fromthe bosses thereof using the apparatus.
illustratedin 'Figure 1. 3 Figure 3 is a further enlarged, partly
sectional view of an exenplary one of the bosses illustrated in Figure 1
show ng surface scrubbing thereof in accordance with an exenplary
enbodi-nent of the present invention. Figure 4 is a partly sectional

el evat i onal Fighfys al}Raz i o i f .
di schar gi ng lcor r eisg;)ao*r}g?‘r?gg@t reahtﬁgy Sﬁt@%{ﬁgﬁfﬁnﬁegﬂﬁ%ﬁyghﬁ%sg&eal ong
t he surfacilustrateddnvbighre dcshdwing ssirface iseaibbingb theséafgint Secobdimse swithh aime of

whil e protectin th nderl ying casing syrface. Figure 5 is an end view of
t he prot ect?WFﬂWﬂ’g’OHW%P*é{‘]WWtF%@HP@‘A and taken along line 5-5 in

accordance with an exenplary enbodi ment thereof. DETAI LED DESCRI PTI ON OF
THE | NVENTI bkl 4 1 5l SeckiBnil ibafiomall iew ¥ I asfsikd imbubli S ¥RRL 3TV,
form of annular conpressor casing for a gas turbine engine. The SIng is
typi cal |y flor disthanginigroort@ponding sstreams bfipiiant shétome! pretective dluidalvtigothe
assenbly. The.workpni ece.is fornmeq of suitable tal, although workpieces -
of differ erﬁ’"@%f?*ﬁglﬁ‘éf?ﬂ@?@eﬁrﬁps ectiyebyabra nSdhgrgaSSS? thegeqfiwhils, protectiagi al s,
such as cor{ﬁg)ﬁ;,d&mné%h@@mhg_. The conpressor casing may have any
conventional configuration and typically includes several annul ar rows of
bosses 12 protruding radially outwardly froma surrounding annular surface
14 of the &agyrR§.isan epdyiaw phtheipgetection nozzle itlastratgd irOFigase Hand akerdlong any
convention e h being tnitially cast inits tw hal ves, which-:
are then 331“?;5?)?9‘f“&ﬁ%ﬁ%%@tﬂﬁ“ﬁ%%ﬁﬂﬁ‘ﬁw assenbly. The exposed
outer surface 14 of the casing has a substantially snooth finish follow ng
t he casti n@DEXRILED DESCRIPIION OB THEDYVENTION further nmaterial renoval
therefrom However, the individual bosses 12 are initially cast solid as

cyli'ndrica rofrusigns extending radially outwardly fromthe surrounding
sur f ace 1&‘“%3?}@‘*. 1pifagare s gRerkpiece 49 indhesxemplay ié{m of enpulargompressor

casing for a gas turbine engine. The casing is typically formed in two 180".,"-‘ halves

and bolted together in an annular assembly. The workpiece is formed of suitable
metal, although workpieces of different configurations may be used and formed of

different materials, such as composites, for example,

The compressor casing may have any conventional configuration and typically
includes several annular rows of bosses 12 protruding radially outwardly from a

surrounding annular surface 14 of the casing.

As shown in Figure 2, the casing 10 may be formed in any conventional manner, such
as being init{ally cast in its two halves, which are then suitably joined together to form
. an annular assembly. The exposed outer surface 14 of the casing has a substantially
smooth finish following the casting operation and does not require any further
- material removal therefrom. However, the individual bosses 12 are initially cast solid
as cylindrical protrusions extending radially outwardly from the surrounding surface

14, and initially have excess material 16 at their tops.

The compressor casing is conventionally machined in a vertical tumiﬁg lathe for

removing the excess material 16 to form a machined finish atop the individual bosses



The conpressor casing is conventionally nmachined in a vertical turning
J.athe for renoving the excess material 16 to forma machined finish atop
t he individual bosses 4 with a conmon outer dianmeter fromthe centerline
axis of the casing. Such rmachining, however, typically | eaves a sharp
metal burr _18.along the.trailing edge of the remaining corner 20 around

t he outer perineter edge, of eac% b%ss. he I<l-;-agi ng _.edge %orti.on oé ach
conmer, whi &% 8 ‘Pq“?’?fmc‘?ﬂterb)?‘_‘% R PEoFensT "?%ﬁ'%aﬂ | wf e Y burr
but never tﬂ%ﬁ]ﬁﬁﬁlg?ﬁéwévéreiyﬁidaﬂﬂ%vwﬁrsﬁa nhetal b6R18%longd ! thilifg BddeoOr
bore 22 is suitably. drillFed centrally through each of the bosses 12 for

recei vi ng thegesginig eoroér 20 anvundsbo waiterpecimmtercedgerofieack boswot Théteading
assenbl ed heret.o in a.l ater oper,atiQn. i ndi e hove,. it is,desired
to renove $EC-RAUUOBYQ F§°h1%°"5?reéf@3‘3‘ &ﬁﬁ@ﬁfhxqﬂ%fﬁ%&oidﬁ&@ﬁ‘iw%ﬂw it is-
al so desir ﬁlﬂrﬁﬁqievénﬁéiésﬁm@welsﬁmﬁﬁ @of 0forh&TOVi NG- ext r aneous

material thérefrom "And, the deburring and radi using operations are
preferably effected without removing any material around the renainder of
t he i-ndi vi Awinglébeleas bors 22iissuitablyrdrilleds centrally through eashafitheibesses 12 fomd

wi thout affecting,the.original surface finish thereof. | 1] ustr d-in
Pl aure 1 Tsreisiagohe it e spBtiaBine.Formp i g @ht ot aRgrbled
treating tiherefPT 1Bk Operaidn.Ng Wor kpiece 10 in accordance with an exenplary
enbodi nent of the present invention. As indicated above, the casing 10
includes -a plurality of rows of the bosses 12 axially spaced apart_ from
each ot herAs ydicatesbadhoveoiyis desiteddp agmaverallithe buas 48 cr ng the cutting

circunferentially e APy . .S e If nce of
he. casi neohertioplaft i fipd B b6 RSP SRhiponiisd 0 for G I KUMERE T2, P
out war dl y rhateralt terefrom.ouAdd) ghaniebliings und aadiuiihg opeatidnsi aredpriferably t 0
treat the bhosses without treating or affecting the surface finish of the
sur roundi ridfected withqut semeving any, iaterial apqund; the remaipder of the diyidual hossesi ng a
first noz i Eschar g : Efff% il . QRfke the
surface o?drt éqréégér?anl? o&g%gasg’gflg’gas%?h?hghg&?ﬁg{ I'n |@%Jﬁgph§%§§£s to form
a finish thereof.

As illustrated in Figure 1, an apparatus 24 is provided for practicing the method o.f.
treating the compressor casing workpiece 10 in accordance with an exemplary
embodiment of the present invention. As indicated above, the casing 10 includes a -
plurality of rows of the bosses 12 axially spaced apart from each other, with each row
including a multitude of bosses circumferentially spaced apart from each other around
the circumference of the casing in the two halves thereof. The many bosses 12
protrude radially outwardly from the surrounding annular surface '14,_ and it is desired
"to treat the bosses without treating or affecting the surface finish of the surrounding

surface or removing any material therefrom.

Means including a first nozzle 26 are provided for discharging a fluid stream 28 along
the surface of the casing toward at least one of the individual bosses to form a

protective boundary layer 30 atop the surface as illustrated in more detail in Figure 3.

- As shown in Figures 1 and 2, additional means including a second nozzle 32 are
provided for scrubbing a stream of pliant shot 34 across the width of the boss 12 for

selectively abrading or removing target material therefrom in the exemplary form of
5



protective boundary layer 30 atop the surface as illustrated in nore detail
in Figure 3. As shown in Figures 1 and 2, additional neans including a
second nozzle 32 are provided for scrubbing a stream of pliant shot 34
across the wdth of the boss 12 for selectively abrading or renoving
target material therefromin the exenplary formof 5 the burr 18, while

t he- boundarel . i i ..
the 'Y€ 8 3Whil MEbbndafiFl dgm}gbag :ﬁéﬂrpﬁlgggﬂréagag@%lﬁm Icgafrnes .

abrasion by the shot. In the prefierre di ment |
and. . 3 t he fremebrastdn byhithe sBdt. i ncl udes a nultitude of particul ate shot _
di scharged in a suitable carrier fluid 36 in a layer atop the fluid stream

28 which f i . bi st di.r ect t dt t t
28 i 1o b 0okl IRl 6 Rt oI B SR B e
fluid streghyidded hmitiflesst ﬁdﬁi&i]&@fsﬁoﬁdis&&g?@{rﬁéé stifablle BArrief Hiuid 86 in a

boundary | ayer 30 directly atop the surface casing to be profected,
wi th the sHayer atopithg fhid streamge28 wthigh fovm pvalappingver biyyer striehins diteeted

i npact and ,scrup,away t.he Jntended target terial .The prqtective |ayer
30 may be fi8V hFﬁﬂ'éPﬁP‘E{ﬁfté;‘m © upsty s’ﬂ?%ﬂ‘f&?&?@@“ﬂl‘ﬁ?ﬁﬁ"ﬁhe first nozzle
26. Preferably, the stream of shot 34 is discharged at a shall ow angl e of

i nci dence Arhel pipbsk b theCASIHGreat! 3 AfushBtelNE M rﬁm}%‘&f efiRS SO
that the shot streamrides laterally asnd genergﬁ%y par a Iell' t%b{%ﬁe

under | yi ng boundary layer 88 dlireglly ptopithe purfacefithecasing torbe3gotented] with thephotges
against th arget, bur 8 for suyccessjvely L Vi n terial . therefrom
until the g’&fﬂg ??‘ﬂ@gﬁﬁ‘f @%‘?ﬂ 3'Iher_ BFRL){G%BT iﬁ{%" éﬂ@fﬁ%x ﬁ"%f‘\%laf‘gtsé’ﬁul? ﬁ“fgp'g{!‘ree 3
may be -fonneddsd taget Maickab! eﬂi@%n%iéoﬁlve NaydrmD Wt b&lbimdd id anfufidhiet he
target material whether the target or shot is netal or not. The  shot is

pr ef er abl y mamngnby dischasge from thedirstmearlei26. i s di scharged with its carrier
fluid it rebounds little if any along its scrubbing path. The carrier

fluid 36 e ' t i nt A4l strea of s'it
|t oot onrefRtaB, WE sttt of ot R I GlsbhaRfedlaq URHFSy MoERORY dGRE A7 5
for the pl tewmirdthotasiigwmrfpce ah dic wpstlealaidesf the bosdabahatahe R stB&h rides

abrade t he,casj.n urface 14 i used wi thout the protective air
lateraily ganﬁ genera?ly paralsel to the under] )luj‘ng casing surface atop the protective

layer 30 until it impinges against the target burr 18 for successively removing material

therefrom untit the burr is completely removed.

The shot 34 illustrated in Figure 3 may be formed of any suitable material having the
ability to abrade the target material whether the target or shot is metal or n.ot. The
shot is preferably pliant or soft so that when it is discharged with its carrier fluid it
rebounds little if any along its scrubbing ﬁath. The carrier fluid 36 entrains the shot

. for maintaining a layered stream thereof as it is directed toward the burrs 18.

However, the larger the incidence angle A for the piiant shot, the greater will be the
tendency of the shot to abrade the casing surface 14 if used without the protective air
layér. Accordingly, shallow angles of incidence A are preferred to minimize the
tendency of the abrasive shot to abrade the underlying casing surface 14. The
incidence angle A is preferably about 30" , although it may range up to 45" or even
60", with the limit of the incidence angle A being that angle at which the pliant shot
would abrade the casing surface 14, which is undwiﬁble in .the preferred

embodiment. .



| ayer. Accordingly, shallow angles of incidence A are preferred to mnim ze
the tendency of the abrasive shot to abrade the underlying casing surface
14. The incidence angle A is preferably about 30 , although it may range
up to 45. or even 60, with the limt of the incidence angle A being that
angl e at which the pliant shot would abrade the casing surface 14, which

I's undesi r@O%&daubﬁ? e §iidlecide LRERMHY TR 36 oFir i CATME isiffabd194, that

protective undary [l"ayer’ 30. over the-casing surface 14, that surface has
enhanced prsotfect hasmnhammemaﬁomdhefabwwe@lffephef teshoid. As Sbhwwnnl n .
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first laying tﬂ&%}gﬁﬁﬁ angreosteﬁ{cméﬁcéw fWiﬁ{ the A8 ho3fle %OﬁrsNMﬁﬁg abﬁ:nqhéant

shot.34 may rid uring operation. he smal|l angle of inci‘dence ensures

that the p Iptraaetn&rbmmdm'yda{er B0 dpgewhldi thy pbamtaﬁhDEeM mayeidetdueingagperagiosur f ace
14 which is protected therefromby the intervening boundary |ayer 30. The
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under L yi ng ovéx“ih%ﬂﬁﬁn@%hﬁgcdow%?&ﬁﬁ rb@él%u&herefrbﬂﬁﬁy iﬂ?ﬁmﬂ#ﬁénﬂg bBuddryides

outwardly from. the underly casi-ng surface positions its”
cyl i ndri callayenB80adhedndderve dnalﬁré mgy g@ﬁdp‘dbﬂ yn n@mmthmmthém swength of
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as rise upy@ilelbeing profeteiihe outer corner thereof where |t substantlal |y
di m ni shes i n thi ckness and. protective effect. The pli ant shot 34 may
then inpinge the outer portion of the boss. substantlally normal to_the

“upst r eam edgavevie sise the bossebd pretrides ontanlygfremthe snderlyingqasingsusigcade
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outwardly diteetivai of theuplisntf shot.ef Aechbwa incRipuse 3, 'rﬂitEImeéctwe layer 30 will

- necessarily split around both sides of the protruding boss 12 as well as rise upwardly .
over the outer comner thereof where it substantial]y diminishes in thickness and
protective effect. The pliant shot 34 may then impinge the outer portion of the boss
substantially normal to the upétream edge thereof to breech any remaining boundary

layer and abrade any burr 18 found thereon.

Although the boss itself is cylindrical, the impingement angle of the shot remains

lTocally normal or about 90" to the outwardly extending burrs for effective removal

thereof.

In this way the exposed upstream portion of the individual boss 12 may be selectively
abraded while the surrounding casing surface 14 and lower portion of the individual
bosses is protected from abrasion by the boundary layer 30. This improved process is
known as Selective Sustained Surface Scrubbing (S‘) for the selective oi local effect
.of the pliant shot 34 as it is sustained in a stream for scrubbing any target mateﬁa],
such as the burr 18, within its impingement path. This proce;ss is also referred to as

bilayer surface scrubbing since the boundary layer 30 is formed atop the casing



In this way the exposed upstream portion of the individual boss 12 may be
sel ectively. -abraded whil e the surrounding casing surface 14 and | ower
portion of the individual bosses is protected from abrasion by the
boundary | ayer 30.. This-inmproved process is known as Sel ective Sustained
Surf'ace Scrubbing (S') for the selective or local effect .of the pliant

shot 34 as it.is  sustained-Ljn a.stream for scrubbing any,target erial ,
Suoh as tnetusticE fo8 Bripdion theredt i 1 ShotKimelin e ka3t afbpXBe ibterliys
referred toager, bil ayer surface scrubbing since the boundary layer 30 is

formed atop the casing 7 1 . surface for protection thereof as the
shot' stream | ayer is carried atop the protective |ayer. Since the abrasion

ef fect of tBiacpltheabrasiont effertiof tierpliant shey B4 is alirsictionallyf sensitixve for target

t i al i £ hj | t | ' t fl th,.th { 34 d.the .
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toward the. #Ram 38 arSinitdIydiscHafiféd ih A filsOdirsctidn18WarDiR YIRS 1D s GREsyRRieE! I al

fromthe corresponding fifst or upstreamside thereof. The downstream side

of the bossiniEguedifor ahrading target matenia frem thekerresphndingffirstaordipistreamasideect ed
by the shot,as |t J.ebqunds harnless fram.the.hos apd. remai nder of
the casing.® gr cﬂj}e 88@%1"?391 §'éi?u?)tl ﬁﬁgﬁ%%tﬁsrlé‘%g‘r i"ﬂ@’?'éﬁh%fﬂ?q?év }?55%‘3?2, '
the shot  sttheRdt, dhdds Ginaffestb® by tHe sHot! S réSouiay hafflRsdly atlia§ Thith IRE bbss 2
second direction toward the boss for abrading target naterial from.a

cor r espondiafg remgisder of thecasing.si de thereof. - In Figure 3,.the first
direction would be fromleft to right, with the second direction being from

right to | gft | SehR L] r& Ny ty t he -

nosz es. 26 MFTIELIE D, torkbl e B pirieel b e WOS' 2. oo SIS, Bfely 34 o,

respect i ve pbettiestrdain 28 naalyrthanbe disdwirged inpseohd dﬁbétﬁﬂﬂbﬁiaﬁmlie]fﬂow lfc?}es of
Is rotated. _More specifically,

each of the_bosses in turn_.as the casi n%_ [ | > ,
means i ncl @&Wﬁ@"’%‘a&ﬁt l"%ﬁﬁ?’éﬂ%ﬁ%rﬂ cogespopdmssrposife sepopd sidedhersof Hia Figwigul ar
casing 10 upionfs 8itblll FodtdVe fraRdeft i& Aphil il HRSebdta EiRctioH veRFtréh' Y

" right to left.

This is illustrated in Figure 1 wherein two sets of the nozzles 26,32 are suitably
mounted in the apparatus for directing their respective shot and fluid streams toward

opposite circumferential sides of each of the bosses in turn as the casing is rotated.

More specifically, means including a suitable motor 38 are operatively joined to the
annular casing 10 using a suitable shaft and arbor mounting the casing coaxially
therewith, with the motor being effective for rotating the. casing around its centerline
axis at any suitable speed such as about 10 rpm. The motor 38 is then effective for
rotating the casing 10 to sequentially position the individual bosses 12 in turn within
the bilayer shot and fluid streams from the two nozzles 26,32 for scrubbing away the

intended target material therefrom.

In the preferred embodiment illustrated in Figure 1, the two sets of nozzles 26,32 are
preferably mounted on diametrically opposite sides of the casing for dischérging their
respectively bilayer shot and fluid streams in opposite directions toward the common

row of bosses 12 for scrubbing correspondingly opposite sides thereof. For example,



therewith, with the notor being effective for rotating the casing .around
its centerline axis at any suitable speed such as about 10 rpm The not or
38 is then effective for rotating the casing 10 to sequentially position

t he individual bosses 12 in turn within the bilayer shot and fluid streans
fromthe twbo nozzl es 26,32 for scrubbing away the intended target materi al
therefrom the two 568 oPhédz8és Mty BEBRUNBE &t thel dattielan@les Of intiddnet r&ative o ¥he! WO
sets of nozzles 26,32 are preferabl{i/ nmount ed on dianmetrically opposite

1

si des of tmsmagwfﬁ@peﬁnppmwnm@mgl irestions areund thei casing. bi | ayer shot and
fluid streams in opposite directions toward the common row of bosses 12

f bbihng - e ndi 0, i t.e des reof For e, d 8 t he
two sets oft S HebcAARRCH3A, YorRRR BT oBED e i Briate S SR

relative t Galffef eah Posdwall bearitdd by BRE HokAe seh skt ésaihe%r? gért ﬂmgﬁate& ?H nd -
the casing. In this way, as the. casing rotates slow y-between the two

nozzl e set &igurpd, IVéﬁUthtgﬁ%lbgs edﬁalmmﬂnse@%ﬂlebb@s&ﬂl\bﬁm btcatedflﬁt ?lr:b t;atponm?a

il t i n e trailing
Coa oor e BRLAE s W@ SEiehty 1 Th g Py Be BbBad B Gn NG | o
bot t om of Few@ﬂtftﬁm& soﬂhh@tﬁ@ﬁwﬂoz’m'séwhé@sﬁﬂ@ieﬁ thé {d ﬁﬂﬁri?eaf‘ﬂié%m@{ ¢ Ot eat

revol utions _so that, the two nozzl e sets-have sufficient tine to
the entir eof basseywithin sejr \ﬁpldwﬁc@mge fqrebmoaingcmbeblagsatﬁmom esowilhas any

burrs ther usin xposed corners of

t he bossesg&ﬂ esl re%ﬂjs%g ?%g)%g PEEY r ng illustrated in
Figure 1, a plurality of rows of the bosses 12 are aX|aIIy spaced apart
from each Bohthe, exem;ilasjucémptesidrfbailhggllustﬁiedahh IFijilire 1I BQ&%ﬁﬁf tytdf%f %fof}[ﬂ%

desi red. cordi ditional nmeans in the exe ary formo not or
power ed Iéﬁ‘b“ 92 32‘3’«3'5?&%%3?%1 Avomy lepch othsomnd suréace fecatiog ofcalbthe s f or
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axially across several rows o or sequen cru
Each boss motorrm)ywdwl bead Lol 4ntard usdibtdoaxialty sﬂp;ﬁ:rdﬁiﬂﬁw&ﬂcaﬁw pﬁi?]@ S edl as
' bbed_in turn ,'" the nozzles
?rgf,l [):d axi & lgy & ansriat%géj tlgeI g[]ayer s?x\(,)\lt %%h "Huid streams d;lscharged therefrom axially .
across several rows of bosses for sequential scrubbing thereof.

Each boss row may be scrubbed until the bosses are deburred and radiused as desired,
with each additional row being scrubbed in turn. Or, the nozzles may be axially
translated from row to row as the casing rotates to scrub the bosses in part from row to
row until a sufficient number of rotations of the casing occur with a sufficient number
of axial reciprocation of the nozzle pairs is obtained at which time all 6f the bosses of

all of the rows are suitably deburred and radiused as desired. ~ -

/s indicated above, the intended target at each boss may be any burr 18 found along
the perimeter edge thereof. The protective fluid stream 28 is split around each boss
belqw the corresponding burr during the scrubbing process so that the shot stream
bein\g directed toward the boss breaches the protective layer where it thins due to such

splitting for deburring the boss down to its underlying external coner.

As shown in Figure 3, the intended target may also be the sharp comer 20 itself, with_
or without any burrs thereon, and the scrubbing process may be used in the same

manner as that for removing the burrs for removing parent material and radiusing the
9



translated fromrow to row as the casing rotates to scrub the bosses in
part fromrow to “row until a sufficient nunber of rotations of the casing
occur wi-th-a sufficient nunber of axial reciprocation of the nozzle pairs
i s obt.ained.at which tinme-all of the bosses of all of the rows are
suitably deburred and radi used as desired. As indicated above, the intended

target at [?Lrﬂa .f0 . he et e

t her eof Theé prgfec I've %?%%rg‘p %ﬁ?%léssqg%ﬁ%'oar 8’u¢? @gémgeltgg& %gﬁw t he
cor r espondasiy fluws ardufid He éflindsiesluvzs agd Ns&ﬁﬁ&%;rét@cﬁ%aéﬁ‘édﬂ at Heoperfthétepm
being directed toward the boss breaches theégrotectlve | ayer where it thins

due to suctdgexfithe bpssgwhich mahthen |bﬁg1brad@d1bar e pbant shet for semoaviag|the hur,
t | _.t.h t ended. t | so be th
C 2 BB o QRS B R R BRSO T 20 P e

scrubbi ng process may be used in the same manner as that for renoving the
burrs for Iefe\préferedeaibodimhénmt rilladtrabaillin’ Pigutes] rtﬂek:bﬁ:er&hﬂdaeseiref%bgf nal
corner to a suitable radius. In either case t’he protective r splits

as it- fl o%swtawmnresmzeg wmﬁssmé% forrlisqhezgeswith th a&nﬁ,rwgbﬂieect at
t he per| g? of the boss which may then be abraded by the pliant

shot for renDV|ng %e burr, as well as-additionally radiusing the
remai ni ng corner as desired. In the preferred enbodinent illustrated in
Figure 1, Ecimpmmtr ferr dischiangind6 thes pliast’ ehatbisy comirercially alvhilatile effomr {IZ8d by a

ESHPLﬁZrS]?rT for dj scharge wthhlgtr‘{ln%sg utqeé%é;cthrougﬂ theﬁ{/g;}t&mrigﬁggm%
Tec[iﬂ&hpg?/lt 34'i§‘iwﬁ9ﬁ§ "&b &@9 jdifled 165w BomthiAlior WRRS 44 -

|n mhlch ant s Isinitra ore opper 1s jOIned in

fl ow cormmeoamd ddivery bdmdmt Als&hamdg dﬂla_]m:yclmmbdn whiclBeritrainsitheapliant ehator
for

chanber whi ntrai ns shot t he essur, zed ai

del i very t‘ﬁ{ﬂbt}g‘ﬁ Rrfisug ﬁ}rt}. WF@’C#HPB%” Eli“’oﬁf”?‘e}% %%rofdfsé ¥t direry thecond
nozzl e 32.¢co ﬁggpcg,q mn&.&lm be joined both® to the second delivery
conduit 48 and a first -dellvery conduit 46 joined to the corresponding

first nozzle 26. In this Waze air under
The compressor 42 may be joined both to the second delivery conduit 48 and a first

-delivery conduit 46 joined to the corresponding first nozzle 26. In this way, air under
snitable pressure may be used for both the protective air stream discharged from the
first nozzle 26 and caxryiﬁg the pliant shot through the second nozzle 32 for use in

scrubbing the casing bosses.

Various forms of the pliant shot 34 are also commercially available from U.S.
Technology, Inc. and preferably comprise a light-weight, resilient material such as
sponge, rubb-er, felt, plastic, foam, or other resilient material. The shot preferably has
a cellular construction with open or closed cells. In a preferred embodiment the shot
comprises closed cell sponge polyurethane permitting multiple re-use without
plugging of target material therein.

The shot 34 preferably also includes abrasive parﬁc]és 34a as illustrated in more detail
in Figur_e 4; embedded therein, although'in alternate embodiments abrasive may be
omitted. Suitable abrasives include particles of various minerals, mefal oxides,

plastics, and black walnut shell, for example.

10



sui tabl e pressure may be used for both the protective air stream di scharged
fromthe first nozzle. 26 and carrying the pliant shot through the second
nozzle 32 for use in scrubbing the casing bosses. Various foanms of the
pliant shot 34 are also comercially available fromU.S. Technol ogy, Inc.
and preferably *conprise a light-weight, resilient material such as - \
-sponge, I yhaticulafhdvaniige vfitle spogémedia el dor thesciubbiiig shot Rritsadbilifite shot
preferably has a cellular construction with open or closed cells. In a

preferred sesiacbamd when dischargesdoioprard the easingespriase forsynstedming dtsylateeal 195ne

1 tti | Lipl - 1.1 hout I | f g terhal fherein. -
e shot 3agvaytmyestBrsdind Pelaler ol { Pufice RREF mPBiE! U8 ol o; oo
in nore defedjd of 4 Porfdspoiiding bR t—t\nfkfi’glﬂisfiongﬁi ik epwgified initoédrierdt 86
enbodi nents abrasive nmay be omtted. Suitable abrasicves include particles -
of vari ous and reffestivelyfloats atop dlas protpetive beundagydaysr a3k unsil impinging (thef or

exanple. 10 A parti.cu] ar .advantage, of the sponge nedia used for the

scrubbi ng §m5%$mpée§8fﬁﬁet'9‘qug&4§%ﬁsﬁ‘ rebound when di scharged toward the
casing surface for sustaining its lateral or sideways novenent direction
paral b el owgrshidun SHIFigaRsUNtdnd B} theHirftUR6zA1E Q@i preéfeliably configured for _
correspondi ng boss. The light-weight sponge is entrained in its carrier air

36 and ef flischargingya relatively widgstresm pf aircdt acressothgrwidthyof thechossd2ubring .

199 o PSRBT St 32031 S s
di schar gi ngiréani of feiptiaht/shot 34 i its StfieOhir 36 acSs ey width 6fthe bosk fa abildyee boss

12 being scrubbed. Simlarly, the second_nozzle 32 is also configured for
di schar gi nyithang; alep thesair stxeam 28 faeming; the boundary dayer 30; g thisavay, eachupf 36

across thegw ' F'!aﬂ]s ey £k ear‘@gp . ' Leam 28

form ng thgl\glbtgilfgggérhfrt ngggs% 28 th Ls%:@%%{% ea?:}h 0 &:%1&2 nglgﬁgsigwag{}l(ﬁé‘and

ai r str eaneasing stirfacé apgednt ofihe ihended hoecin eeralhyrwidevvedapping stieams;asi ng

surface upstream of the intended boss in laterally wi de overlapping

SUTeams. AR ShO ib ot el Sh bl 4 oY, e rt W aSte okl if934L % 20
linear row of outlet holes 50 formed in the discharge end of an annular manifold 52

for discharging corresponding jets of the proteétive air to form a relaﬁyely wide air
stream discharged therefrom. The first nozzle 26 may have an oval outlet end through
which the several jets of air are discharged from the outlet holes 50 in a laterally wide

spray pattern toward the casing surface.

Correspondingly, the second nozzle 32 preferably includes a single outlet hole which’
is also oval, being wider than it is tall in height. The two oval discharge orifices of the
" two nozzles 26,32 illustrated in Figure 3 suitably spread the respective streams

therefrom for maximizing the effective coverage area of the scrubbing shot.

As s!mwn in Figure 1, the common compressor 42 may be used for suitably
presst;rizing the air for use both as the protective air stream 28 and carrier air stream
36 under suitable pressure. In the preferred embodiment, the protective air 28 is
channeled to the nozzle manifold 52 under relatively high pressure of about 90-110
psi, whereas the carrier air 36 has a relatively low pressure of about 30-40 psi for

carrying the pliant shot through the second nozzle.

R



linear row of outlet. holes 50 formed in the discharge end of an annul ar
mani f-ol d 52 ° for i schar gi ng corresponding jets of the protective air to
forma rel atlvely Wi de-airt - 'stream di scharged therefrom The first -nozzle
26 may have an oval outlet end through which the several jets of air are
di scharged fromthe outlet .holes 50 in a laterally wide spray pattern

tourd he ol Bes ieba8E gy ify 5RO s § TAGAE Hed8ER e ot B Y
tall in hei gbmm&haamwaér ildependetconiprbdseRs OF, aviitablé pResfiiizedShop Gir32 -

illustrated in Figure 3 suitably spread t he respectlve streans therefrom
for maxim z%W@f?‘é‘b@W@W@ﬁ&g@ a’lbphuglepmurmgowdd to the fizstown

pressuri o1 njoEHE 2 2P0pgpleR SHERERmalt oufi p3fs ERihereSL o Pevdinh offetie i

carrier air jes redsh spféad dRFalBthd ﬂi&yea&r&ﬁ&iﬂ'rged 6ont ke RO2AIE! rgﬂ% itablle_,

enbodi nent, the protectlve air 28 channeled to the nozzle-m
under rel at nymbr of oufleshelesus® sueh abdﬂﬂngnajylb)e upesd in thiedfirsbsozdbe 26 avith ar -

air 36 has ve of ab ut ' 30-40 psi for carrying the
pl i ant shot%#ﬁ’hﬂ?f W%f%ﬁﬁg’;‘% Qrexpmpie. ... The lower pressure air
may be obtained by usjng a suitable pressure reducer fromthe comon

coNpressor , The résultigefithe Hozel 26 Aisehirges Righ AMBbity BirinPs ORaKE! GEH ﬁb@d}ya”
- - may be used for the correspondi ng@nozz%hes Tkyg NO pressure al?) provi ded

to the fi rs!ayeroioﬂ aromnsdbpemdﬁé‘snmqaﬁngr@rémammﬂt thet individweal dssései2of

for provi d| C r h as th
di schar ged {n% &?%’%E thﬁ}e?}%grh% %ecBﬁﬁ < ?é o‘iﬁ‘%" %‘%{j’ law,ch
as 10- 15, nvgloﬁgr ais egitraining) therdin The light-wWeigt phahh shot M'vllﬁ&i Plodis?4tBp Ghe Of
about 43 mls far exanple. The resulting first nozzle 26 discharges high
vel ocity ailrofestiye gir mwn&# ‘WWCPFEWWSE%?BM&Q%@RMWN yi ng
casi ng surfﬁgﬁsﬁ th}goc#g vidual bosses 12 protruding outwardly
therefrom The _"second nozzle 32 discharges relatively low. velocity air
entraining therein the light-weight. pliant shot 34 which floats atop the
The resulting apparatus and method illustrated in Figure 1 provide a relatively simple

and effective automated arrangement for effectively deburring and radiusing the many -
casing bosses in a relatively short time, with a substantial reduction in cost over hand
deburring am_i hand radius'ing. Deburring and radiusix‘lg is effected with substantial
uniformity from boss to boss, and with minimal or no risk of damaging or changing
the underlying surface finish of the exposed casing surface.

 While there” have been described herein ‘what are considered to be preferred and
éxemplary embodiments of the present invention, other modifications of the invention
shall be apparent to those skilled in the art from the teachings herein, and it is,
therefore, desired to be secured in the appended claims all such modifications as fall
within the true scope of tjhe-‘inv_ention. ;
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protective,air layer until it inpinges the perineter edges of the boss for
deburring or radiusing thereof as desired.. The resulting apparatus- and
method illustrated in Figure 1 provide a relatively sinple and effective
aut omat ed arrangenent for effectively deburring and radiusing the nmany
casing bosses in a relatively short tine, with a substantial reduction in
cost over hand deburring and hand radC&&AIMS Deburring and radiusing is
effected with substantial wuniformty fromboss to boss, and with m ni mal
or no risk of damaging or changing the underlying surface finish of the
exposed casi ngAsmethow. of ihédtingtd1boss- (123 peotbeding dRRe i firfdbubdingi surfb@i(14) 6f a
considered to be preferred and, exenplary enbodi nents of the present

i nvention, ot hWPrkpissa(0)icompristigs of the invention shall be apparent to
those skilled in the art fromthe teachings herein, and it is,. therefore,

desired to be gegured inst.he appended,cl ai ald such di,f.i cati.on s fall
within the tru8 €& u&ﬂ?’aew v@%?i %gsnifuxéc& ar{?smﬂ%&%@%xf%ma

treating a boskoundany 18ye? (30)Cit}Usdid QiffaReSatid oundi ng surface (14) of a
wor kpi ece (10) conprising: discharging a fluid stream (28) along said
surface toward said boss (12) to forma boundary |ayer (30) atop said

surface; and ssrubbingy stieam of pliantfshot (Hh)taceise said s fmrsslestively abtading target
sel ectively abradi.ng,target terjal iherefro i le said boundary | ayer
oot ect s sai o APHAEERRYR whiE A hiindaR7lafe e s Bt £ eBislomhg ( 10)
havi ng rows of bosses (12) protruding radially outwardly froma

surroundi ng sk fragifiod brealip'al Gistise (L) S tgOhdwes ?ﬁ%%%(?%ﬁ%%kﬁ?@"g

said surface toward at |east one of sai'd bosses
| ayer (30) atopitwaidly Somfasueounding sutfacey14) eamprisingsf pl i ant shot (34) -
across said one boss for selectively abrading target material therefrom

while said boud}gcwgirllgax Huid sgtr:e?ntl ?%)Salgﬁigl (sjai %r ! ageetoua%n at eggtaosnleoor}‘- salac{1 gosses
(12) to form a boundary layer (30) atop said surfaces;

scrubbing a stream of pliant shot (34) across said one boss for selectively abrading -
target material therefrom while said boundary layer. protects said surface from

abrasion; and

- rotating said casing (10) to sequentially scrub each of said bosses for removing

‘corresponding target material therefrom. -

3. A method according to claim 1 or 2, wherein said stream of shot is discharged at a
shallow angle of incidence toward said surface (14) upstream from said boss (12) to
ride atop said boundary layer (30) in impingement against the target (18) for removing
material therefrom.

4. A method according to claim 1, 2 or 3 further comprising discharging said stream of
shot (34) in a carrier fluid (36) atop said fluid stream (28) in bilayer streams toward
the target (18). ‘

5. A method according to claim 4, wherein:

N ———
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rotating said casing (10) to sequentially scrub each of said bosses for
renmovi ng ,corresponding target material therefrom 3. A nethod according
to claim1l or 2, wherein said streamof shot is discharged at a shallow
angl e of incidence toward said surface (14) upstreamfrom said boss (12) to
ride atop said boundary layer (30) in inpingenent against the target (18)
for removing s#tevardr fiidr@b6) eoinpfisestairelisthargad amdelt pesie Ghith Baid, shét 34)3
further conprising discharging said streamof shot (34) in a carrier fluid
(36) atop sai dthereinang: r eam (28) in bilayer streans toward the target
(18). 5. A method according to claim4, wherein: | VI il 11111
Freer e ~rrr - 23- hel carrier flui 34) rises aify, di sghar.ge
under pressure sa\]/img' tq%ﬁ% %’%‘“ﬁ E%@ (f%nsef ﬁgr‘gfcﬂ%é%?ﬁdﬂ@gﬁmﬁf‘ﬂ?’dmﬁ Peé%%?%a 0(}
conprises air gdigehar ged under pressure, and being devoid of said shot. 6.
A nmet hod according to any one of the preceding clains further conprises:

di scharging said shot stream (34) and fluid stream (28) in a first

di rection gomAanfhbdlacmg@qat)y oy ofithe prticedjng slaipas furthee comprisesom a

corresponding first side thereof; and discharging said shot stream (34)

and fluid stre 28) in .a, second direction, towar sai d boss (12) for .

abrading tar ge&fp?hﬂ%‘g’gé?ldfsmﬁﬁt%?aﬁbgﬂi@ﬂ&qﬂe@%’c&ﬁb ;3 gﬁttdﬂé?'&ﬁ oward gaid
t hod di ' als N3

et hod acoor i ks enbAkiTading frget HERAAIRAR 1B REsRats ASAake Belofahy

wherein said worKkpi‘ece (10) further includes ar 0sses
circunferentially spaced apart fromeach other, and further conprising
rotating said dischapging saitlshpt str¢an (34)aind fluid stream (28jUinnd sedohy divettiormtodaird

bi | ayer shot and,{l uid. .str . (34,28) far, scrubbin way sai d . target
material ther eﬂ%{’r?sséfz)ioﬁ@eﬁ'ﬁa'&gz‘?gﬁtr%ﬂﬁ&a]t%"‘Bladioﬁ’ie Q gn‘@P"’Egﬂﬂ? thereof;
di scharging two bilayer shot and fluid streans in opposite directions

toward saig roN MidthEPERBRdiAg 60 clhith 4515y WALH Aependent on at least claim 1, wherein said

workpiece (10) further includes a row of said bosses (12) circumferentially spaced

apart from each other, and further comprising rotating said workpiece to position said
bosses sequentially within said bilayer shot and fluid streams (34,28) for scrubbing
away said target material therefrom.

8. A method according to claim 7 further comprising discharging two bilayer shot and
fluid streams in opposite directions toward said row of bosses (12) for scrubbing

corresponding opposite sides thereof.

9. A method according to claim 8, wherein said workpiece (10) further includes a
plurality of rows of said bosses (12) axially spaced apart from each other, and further
comprising axially translating said bilayer shot and fluid streams across said boss rows

for scrubbing thereof.
10. A method of according to any one of the preceding claims, wherein:
the target (18) comprises a burr along a perimeter edge of said boss;
said ﬂuid stream or streams (28) is split around said boss below said burr; an&

said shot stream or streams (34) is directed toward said boss for deburring thereof.

-14 -
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correspondi ng opposite sides thereof. 9. A nethod according to claimS8,
wherein said workpiece (10) further includes a plurality of rows of said
bosses (12) axially spaced apart from each other, and further conprising
axially translating said bilayer shot and fluid streans across said boss
rows for scrubbing thereof. 10. A nethod of according to any one of the
preceding clainms, wherein: the target (18) conprises a burr along a

peri meter edge of said boss; said fluid streamor streans (28) is split
around sai d boss below said burr; and said shot streamor streans (34) is

directed tpyar A ncthéd KRefdia®to A dfhiME 169! wherdin: _

11112111212121212121211212121 2112211°* ¢ L N 11. A nethod according to any one

of clainmse 1 to 9, wherein: the target (18) conprises a corner along a

peri met er edgethetargeti(di8amprisesna dofnerialdng t perimeter edger afomakl Y638) is split

around said boss bel ow said corner; and said shot streamor streans (34) is
boss for radiusing said corner.  12. A_nethod '

directed toward, i,% ] \
according to (ﬂa!éfﬁ\“ GlgaR of stieamy(2§) isspljbaroppd said possdielnw said camesandr  ( 20)

al ong said perineter edge of said boss; and said shot stream or streans

accor ding 1o iy SRE et keI fs Urpd PRl Sl BRLCR sy BiRIREC

cel lul ar sponge. 14. A nethod according to claim 13 wherein said shot

further Comriﬁg&maﬁbng)@rd]ﬁﬁiﬁﬁwhééﬂﬁ) enbedded therein. 15. A nethod
according to claim 13 or 14 wherein sponge shot conprises pol yurethane.

16.- A nethod according to any one of the preceding clainms, wherein: each of
sai d shot and said target Buther campiiises haorped (20)\along ssid perimetéraxige iofi sdid bossyahg
wi de overlapping streans. 17. An apparatus (24) for-treating a boss (12)

Prot Ui NG’ 1 QYL e (LS8 bl o AP LERLEES ko BERL "0

13. A method according to any one of the preceding claims, wherein shot (34) comprises

cellular sponge.

14. A method according to claim 13 wherein said shot further comprises abrasive particles
(34a) embedded 'therei_n.

"15. A method according to claim 13 or 14 wherein sponge shot comprises polyurethane.
16. A method according to any one of the preceding claims, wherein:

each of said shot and air streams is discharged toward said surface in laterally wide

overlapping streams.

17.  An apparatus (24) for treating a boss (12) protruding from a surrounding surface (14)

of a workpiece (10) comprising:

means (26) for discharging a fluid stream (28) along said surface toward said boss
(12) to form a boundary layer (30) atop said surface; and

means (32) for scrubbing a stream of pliant shot (34) across said boss for selectively
abrading target material therefrom while said boundary layer protects said surface

from abrasion.
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means (26) _ for discharging a fluid stream (28) along said surface toward
sajd boss (12) to forma boundary |ayer (30) atop said surface; and neans
(32) for scrubbing a streamof pliant shot (34) across said boss for
selectively abrading target material therefromwhile said boundary |ayer
protects said surface fromabrasion. ~I1l11l1l h 18. An apparatus accordi ng
to claim17, wherein: said discharging means conprise a first nozzle (26)
for disch ing a wide streamof  air (28) _ across the width of said boss
(12); andalgsgi' chﬂéﬁ%w%ﬁs@’%&r%@cond nozzle (32) for
di'scharging a wide streamof said pliant shot (34) in an air carrier (36)
across the w J- i - hi | 0 i ir.strea 9. A
appar at us accgr i(ﬁggCh?@gl% g‘?ﬁ]&lﬁlﬁ}égﬁeﬁ%géﬂ%ﬁ @l@lg&ln@gﬁ?r%lg%f vi"g] S%B?“éto? ng
sai d workpi eair (28)09créss thewidtinof siid Pogs@$2); andh r especti ve bosses (12)
thereof within said bilayer shot and air streanms for scrubbing away said

target material therefrom 20. An apparatus according to claim 18 or 19,
wher ei n: sai d SpidsexubhingAneans pamprisea serond aorde (32) fordischargiog esvids Giredm of

di schar gi . i bers .of ai f i Wiede (@i 1 .Stry d
aad second noudPHRRSF O ikt Gl (P adio e Hidin il Bgts R piabRelOP
tall. 1111111%4idbirktiedhl | 11111 11 1111 CL M-16

19. An apparatus according to claim 18 further comprising means (38) for rotating said
workpiece (10) to sequentially position respective bosses (12) thereof within said

bilayer shot and air streams for scrubbing away said target material therefrom.
20. An apparatus accdrding to claim 18 or 19, wherein: -

said first nozzle (26) includes a row of outlet holes (50) for discharging cortesponding

jets of air to form said wide air stream; and

said second nozzle (32) includes a single outlet hole being wider than tall.

* c L M S *
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