28 July 2005 BI LAYER SURFACE SCRUBBI NG BACKGROUND OF THE | MVRINFb6# The
present invention relates generally to manufacture and repair of machine
parts, and, nore specifically, to surface finishing of such parts.
Machi-nes are assenblies of various parts which are individually

manuf act ured and assenbl ed. Machines typically include netal parts,

al t hough synthetic and compPAVER SORHACERBYRUISEBMNG used. And, each part
requires specialized manufacturing. For exanple, netal parts may be

fabricated fromnetal stock in the formof sheets, plates, bars, and rods.

Met al parBACKORQUND OF Tk BSVENTIORNSt i ng or forging. Such parts may be

machi ned to shape in various manners. Machining requires the selective
and size

r enoval ' onfigure the part to. its final. hape.
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with a suhtiabbe specifioaly, d Qirfdec WAisHing &f svp&@l | y smooth or pol i shed

w t hout blem sh. Each step in the manufacturing process of a given machine
adds tine _and expense which should 'be mnimzed for producing a

conpetiti &8 (3¢ 8epepybbigs of varipus party adiichamiecinflyidusly rmamtfsstared ntndst ep i n
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parts requiring precise manufacturing tolerances and fine surface
includes a nultistage conpressor for

finishes_ A t%/gi cal eﬂgi ne (%g |

pressuri FPhEEamRie,metah Pars mayhe fabrirated, diom metal steskbingthe foramef isheets, ed f or
gener at i RiIObarg CHAUSHL O ' I ream through Qne or nore
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power s t patsonapbemadhinediocshapd bvwapions mahdersur bi ne provi des out put power,
such as powering a fan disposed upstream fromthe conpressor in an aircraft

engi ne |.ication. ; . . '
9 ﬁr%ghmmg requires the selective removal of material to configure the part to its final
shape and size within svitable 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.

Gas turbine engines are an example of a complex machine having many parts
requiring precise manufacturing tolerances and fine surface finishes. A typical engine
includes a multistage compressor for pressurizing air which is mixed with fuel in a
combustor and ignited for generating hot combustion gases which flow doﬁvnstrearri
through one or more turbine stages that extract energy therefrom. A high pressure
turbine powers the comﬁressor, and a low pressure turbine provides output power,
such as powering a fan disposed upstream from the compressor in an aircraft engine

application.




1 28 July 2005 The engine thusly includes various stationagyngeagenents,
and various rotating conponents which are typically forned of” high
strength, state of the art netal and conposite materials. 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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thereof, which excess material is removed in a vertical turning lathe to the required

v}

‘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 turning 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" comer.

Deburring is required for removing the undesirable buirs, and the remaining sharp

comners are preferably radiused for removing extraneous material therearound.

Singce 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 thercof
renders impractical automated processiﬁg_, and therefore debumring and radiusing are
typically done by hand. One advantage of hand processing is that the surrounding pre-
finished surface of the casing is readily protected from any additional material

removal therefrom.




typically done by hand. One advantage of hand processing if @a $odshe
surroundi ng pre- finished surface of the casing is readily protected from
any additional material renoval therefrom 2 28 July 2005 But, a
significant di sadvantage of hand processing is the correspondi ng anount of
time and | abor cost associated therewith. And, hand processing is subject
to the skill of the operator and performance of the hand-held grinding

- tool s tyBugal significaht dieativahtagh of dmndipnocessingds il esirespohding cmaymit fodr i t y
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treati ng a workpi ece having bosses protruding froma surroundi ng surface

wi t hout ednfiptrodung undesizable momi formitiyefran bossBiRl BFs SIUMMARYIERATH-ER PISVENT ON
Accordin one_as of, the pr invention ere oVi.

ret hod ey hen da Rl BeyoBy Aeie bEREotenkRe g BBk pRie Wil Face
toward acdRgporidie B oftlode®r M a boundary | ayer atop the surface. A stream
of pliant shot i s° scrubbed across the boss for selectively abrading target

material therefromwhile the boundary |ayer protects the surface from
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radi al | rom surroun surface co

fluid sttheof al ong said surface tovvard at |east one of said bosses to form
a boundary |ayer at op sai d surface; scrubbing a stream of pliant shot
across said one boss sel ecti velé abrading target material froma target

t her eat %IEFeSQMMAB%QEéG%EWEN PPt ect s said surface from abrasion; and

rotating said casing to sequentially scrub each of said bosses from

r emovi nga cQJ:ARZRG ™AL BhedRbFithe pREDEL inVBk e, Merk REHBIIRMa method wherein
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.

According to another aspect of the present invention, there is provided a method of
treating a casing having rows of bosses protruding radially outwardly from a
surrounding surface comprising: discharging a fluid stream along said surface toward at
least one of said bosses to form a boundary layer atop said surface; scrubbing a stream
of pliant shot across said one boss for selectively abrading target material from a target
thereat while said boundary layer protects said surface from abrasion; and rotating said
casing to sequentially scrub each of said bosses from removing corresponding said

target material therefrom.

According to another aspect of the present invention, there is provided an apparatus for
treating a boss protruding from a surrounding surface of a workpiece comprising: means
for discharging a fluid stream along said surface toward said boss to form a boundary

layer atop said surface; and means for scrubbing a stream of pliant shot across said boss




According to another aspect of the present invention, theregigyBpeyided an
apparatus for treating a boss protruding froma surrounding surface of a
wor kpi ece conprising: neans for discharging a fluid stream al ong said
surface toward said boss to forma boundary |ayer atop said surface; and
means for scrubbing a stream of pliant shot across said boss 3 28 July 2005
for selectively abrading target nmaterial therefromwhile said boundary

| ayer pr dtrestiectivelyi abraling targetf matarigbthascifrom wBiRE EEJDSGRRF Tlagkt fletctidE

DRAW NGS The inve tiog,.in accordance with preferred and exenpl ary

embodi mefitid SUERESTPRAPTAPRY furt her objects and advantages thereof, is nore
particularly described in the follow ng detail ed description taken in

conj unct iRRIERDERGP TICRNUPTAY PRAWRMEONIS in which: Figure | is an
schematic representation of a nmethod of treating a workpi ece having
protrudin% bosses in accordance with an exenplary enbodi nent of the present
i nvent i ofhe Apyntionin scoprdangt aviedretpaed pyd @é@ﬂplénabmbp@menéﬁ, tagqisrt | on of

t he conp S cashk il trated in Figure 1 ill.ustratjng.exenplary steps
- the. i SR o i SRR ahitst Ao PlifRRT dsRRR LR

t her eof @slidvin ldetaflled AesiripSioh akentih dofflmcAon RiAUhe adcordSanditlgydrd@@ipsFi gure 3
is a further enlarged, partly sectional view of an exenplary one of the

bosses i Whishiated in Fi gure 1 showi ng surface scrubbing thereof in
accordance with an exenplary enbodi nent of the present invention. Figure 4
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abradi ng. t he_bosses thereof while protecting the underlying casing
sur f ace. lnvention.

Figure 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.
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Figure 5 is an end view of the protection nozzle illustratgg dlgz&bfgure 4
and taken along line 5-5 in accordance with an exenplary en’g) I ment

t hereof. DETAI LED DESCRI PTION OF THE I NVENTION Il lustrated in Figure 1 is a
wor kpi ece 10 in the exenplary form of annul ar conpressor casing for a gas
turbine engine. The casing is typically formed in tw 180 hal ves and

bol t ed tqg%ﬁﬂ%@f islafuRtRerddHldbéd, parbedatinal ey E\p{i*@ﬂeﬁ@ﬂaﬂysone 'ﬁ?edbo%%essm table

met al , al_t hough workpi eces of di fferent configurati e used and
f or med ofillugiratede i figurat brshawvéig sufaceaseraldiimo shdress, irf accoedzﬁiasehenh Bae

conpr essqp conventional configuration and typically
i ncl udes se{?g? QQEB%MPY?%%}{,B EPSJRLRIEIONS 1 ot rudi ng radial |y outwardly
froma surroundi ng annul ar surface 14 of the casing. As shown in Figure 2,

the casi Mgk 478Y pBﬂ]yfs@f:tﬁfﬁﬁ] bﬁvﬁ%af@ﬁ%ﬁth@ﬂﬁd n(ygiﬂ:@qﬁ ﬁtx%%gﬂn rﬁl ? gl ng

initially cast in its two hal ves, which are then suit oget her
to form femdisehaigiag casrgamﬂwg Slmnm(qbpbdu cshoteandspfdtanﬁe Zlﬂhl@faldﬂgelh63-5| ng

has a su t I ot 0 he c stl o eration and does
not r equ?‘?‘tef%%n X’YGH ecewgqr {éﬁfv?léﬁh(?gfngttﬁﬁ 8?5166 profgeéing

I ndi vi dugte Mﬂ?ﬁl Ag Surftet 1 al |y cast solid as cyI [ ndr| cal protrusions
extending radially outvvardly fromthe surrounding surface 14, and

initially have_excess material 16 at their tops. The conpressor casing is
convent i 51F¢ Y isacendidewiof the Rf@fﬂ?tl@ahoml@ illusgatedirhBighar 4 andtaken aigng he

excess i ned f ish ato he indivi dual bosses 4
28 Jul yn’%gg 5\?imht %@ogh%ngﬁ%gﬁ} %‘u ?'Xr?gf é’? ?h centerline axis of the
casing. Such nachi ning, homever, typically | eaves a sharp netal burr 18

al ong t hBEMWILEDDESORIPTION OFTHE MNVENTIONDr ner 20 around the outer
perimeter edge of each boss. The |eading edge portion of each corner,

which is first.cu he | athe toal, |s typically wthout any burr but
never t hell¥statpd @ g‘gf"é ](t'ifsl 3, wpikpiges !9 1o dhe exsmplary fafms of ghrulargtompsessoor e 22 i s

sui t abI Yeadinlg! foBd 28 bl shold¥. %cmlsotgm{cg?y Po%%ﬁ intfo %0 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 initially 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




receiving the spindle of a correspondi ng conpressor vane (@93111?596&1)
assenbled thereto in a later operation. As indicated above, 11 Is desired .
to renmove all the burrs 18 created during the cutting operation, and it is :
al so desired to radius the sharp corners 20 for renovi ng-extraneous
material . therefrom And, the debarring and radiusing operations are

preferabl .. eff ed wthoyt re I ng,,any mat.eri al around the repmai nder of
t he i ndi \Yly 1 ]g’}énsogsomgf &éﬂpetﬁg%qj?aﬁhef %Wrilﬂ"e i of gthe Fasiige -Sueh and
wi t hout ahdchitfing) hioteeer0 ypdtalig! leAis k8 i@l Bl i ed in
Figure 1, an apg;_arat us 2 iasgprovi ded l1-’por practi?ie‘{rl\(gigﬁéqmngér}%%}grg?}tf

treat i ng hEcTRHpE €9BSF 20 amouny the raupirgeeinider eigaof eadabes. WTidleadingxenpl ary -
d above, the casing 10

enbodi ne of th resent invention. As jpdic

i ncl udes Qgge é?%‘? §I°?te§?&of:°'?’8 Whyeh f%gm&?gg&_‘ﬁé}aﬁlﬁ topl,ys bypagadly v from.
each ot hery b blit :RAEAEIEY hals BEUHEN AP sRarf D! Ldoiglg, Of bosses
circunferentially spaced apart from each other around the circunference of

the casing.in the two hal ves thereof. The many bosses 12 protrude radially

out war dl $ finglghelecordere 32 irdsuitgblyrrilledreentraliatheouigh eaah df the HiosseddQifoed t o
affecting the surface_finish of the

treat thg hosse | L t freatin r

surroundi ng ﬁ%ﬁ’fe\z’i\g é’t}gg 'OéWﬁggg‘%?gWFséP'gf’ﬁ%? £t howim astembled udi ng a
first notheteto ba Rtep opératibgled for discharging a fluid stream 28 along the
surface of the casing toward at |east one of the individual bosses to form

a prote‘gti.ve boundary, |ayer 30 atop the surface as illustrated in nore
detail i Hdigated abovagit idesired o mraeivecall thednars2l8 erdated doring theeatting ncl udi ng

; - ' bhi f pliant shot 34
eroca s aReRARoRFantE & flso AR REMAM g SR BB ot SR SR Prtadions ng
target nmaterialathetdfemef r Amdj the deb@rKapPARY Yadi@ding Qberaford alJéle_Yefg:QQfér the burr

18, while.the-hqundary layer 30 protects the surrounding casSing strface 14
f rom abr YBihorhEataRs apmetcBabireped thedemsindat obthe individualrtass in
Fi gures dr a8 Ghateddl $rodt E}Feaéﬁ‘sﬂ% sa8le i%, and without affecting the original surface

finish thereof.

As illustrated in Figure 1, an apparatus 24 is provided for practicing the method of
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




includes a nultitude of particul ate shot discharged in a s jlﬁ.gbgoscarri er
fluid 36 1n a layer atop the fluid stream 28 which form overlapping or

bil ayer - streans directed toward the target burrs 18 on the upstream side
of the boss being treated. The purpose of the fluid stream 28 illustrated
in Figure 3 is to provide a protective boundary |layer 30 directly atop the

surface ohelbifr PRSI .Hﬂ‘%nﬂﬁxﬁtlﬁﬁére}ﬂ piddcl ﬁ@%uﬁtaeﬁdbin keling saifaeEhpy 9ed
atop the protective layer until they inpact and scru %\Way he 1 nt ended
t ar get @niaktasionthy the shadct i ve | ayer 30 nmay be formed in any suitable
manner by di scharge fromthe first nozzle 26. Preferably, the stream of

hot 34 i.s disch d at ] | e.of inci At t ing
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protective layer 30 unti _inpinges against the target burr
successi Jeyey atemithe Agidnstream 2B which rfefm mvedapping ohdilayerr streansodipdesdde| v

renoved. ,The of 34.illuystrated in Figur , be fornmed of any suitablel
mat eri al ‘ﬂ‘é’%ﬁdﬁﬁe Eaﬁ%é}baﬂ‘ﬁﬂ?@g}%{’%“%ﬁa‘&é?‘f%‘g“g%g@%@ew&‘ﬁaﬁ% whet her the
target or shot is metal or not. The shot is preferably pliant or soft so
that wherhetpurposdi sfaha e sthédol 2Btifluapitéd BY Flord 8l id to Pfcﬁ;!mwg?otééﬁael eif

any along its scrubbing path. The carrier fluid 36 entrains the shot for
mai nt ai nibagndary layer 2@ disectbyaton thersapfrceef the chsinglia e protectedyamith theshdsur rs 18.
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Wi t hout fdtendedofaf@t ivvRteddll TheyestectheCRiEl BY niay BBFbhAYE #0@h§Sufthblenci dence
A are preferred to mnimze the tendency of the abrasive shot to abrade :

t he undefapnerpycdisthargedfom seefirsynozgde26.i nci dence angle A is preferably
about 300 , although it may range up to 450 or even 60" , with the limt

of the i pgdf A G- i . i t | ant. t, would
abrade the casrhg s%r%g@g?%hgg%r}gtﬁ‘ﬁ%ggjé%%%{s fl\r,\%gﬁgek”i Jr}:'%ﬁggi‘ %Pcé?%lrgg éaél
enbodi netaward t1iBcadink wudBétton the upstream side of the boss so that the shot stream rides

laterally and generally parallel to the underiying casing surface atop the protective

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

therefrom unti! 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 nbt. 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 #ath. 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 piia:mt shot, the greater will be the
tendency of the shot to abrade the casing surface 14 if used without the protective air
layer.  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 undesiréb]e in Athe preferred

embodiment.




By introducing the protective boundary |ayer 30 over the c?§m992§&{face 14,
that . surface has enhanced -protection fromthe abrasive effect” of the shot
34. As shown in Figure 3, the two nozzles 26,32 nmay be nounted in tandem
or piggyback to each other at the comon angle of incidence AL with the
first nozzle 26 first laying down the protective boundary |ayer 30 upon

whi ch t heplintadtuciizOthe 3Foreive ibdendliy | 1R ORPLAL '.ca-gh'% de ﬁi‘%& of
i nci dence ensures that the pliant shot 1s carried generally paral etl over
t he casi rigriaen hascahanredipretaction fiowtthe nbusivh effeétrafithbyhdti3d. i A¢ ghowaninng

sel ected in conjunction

b d . .. The .ingcj |
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t her et hr Qugie &6minbe aHEResT MiiaBnceS AT Wth@%?ﬂn&iz@é 96 1a Rin t{,f?i nce the
!

boss 12 protrudes outmardlz@fron1 fhe underlying casing s ace , it
posi t i ongretediveypopndary bayer $Upparcehiwhdhe pléand shiotS4kRayddedaing/opwpdtoa., to the
flow direction of the pliant shot. As shown in Figure 3; the protective

| ayer 30wl cessaridy split arpy both sides of fhe protruding boss

1”2 veinte sl gt esoheeR el Yo ot B cotied edreralce sl
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su

shot 34 may then inpinge the outer portion of th 0SS tantially
nor mal t BYEhE0-uBhe incidaneel gegle e mayfbet sslagteddoronjwctiamwiithi thg shengilafy | ayer

and abra r found, thereon. Althqu the boss itself is ,
cylindri g%l %%ﬂ%i’%%ﬁ%é’?rée{’rﬁq‘ B?{bef"é‘gi%‘i' of the %ﬁ@?@'ﬁﬁqw@ to|the gnferlyieg nal or
about 90sfMfact beinfpraredwhir dl y extending burrs for effective renoval

thereof. In this way the exposed upstream portion of the individual boss 12

maybe se] ectively abraded while_ the surrounding casing surface 14 and

| oner poRPWeYErofingsthe; hass J2gwatrudes s wardiy fromothecunderljing masing assiface by - t he
boundary . TN : r SS, I S nown as Sel ectiye Sustai ned
Sur f ace g&?ﬁgﬁﬁlﬁ%s(lg§ﬁ'f“ggg lﬁs\g?@% gc‘& AL f%@gﬂ’e@?}f 88‘?"‘5.‘& ¢ B8% i ant
shot 34 digection i thegliannehbti nAa showgain FQruré G Whdippdedi% 1296080 Wt eri al ,

et or redirtsaty spi irgid boffridss ofhepBimgn e 1215 s ey 30 | <

formed qhep hd'@ufeRSdoRstr thereof where it substantially diminishes in thickness and
protective effect. The pliant shot 34 may then impinge the outer portion of the boss
substantially normal to the upstream 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
locally 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 1s
known as Selective Sustained Surface Scrubbing (S4) for the selective or local effect
of the pliant shot 34 as it is sustained in a stream for scrubbing any target mateﬁal,
such as the burr 18, within its impingement path. This procéss is also referred to as

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




7 28 July 2005 surface for protection thereof as the shot 2§§Lﬁg?5¢éﬁayer S
carri.ed atop the protective |layer. Since the abrasion effec e pliant
shot 34 is directionally sensitive for target nmaterial within its

i mpi ngenent. fl owpath, the shot stream 34 and the protective fluid .stream
28 are initially discharged in a first direction toward the boss 12 as

I 1l ustrat | R_Fi qur : «ahradi J.araget material . fromthe .
corr espon ﬁﬁ%é ﬁr@?&gﬁoﬁﬁ@%‘% tgllg ggt %‘%@g’e!)afy?r ﬁsh‘éarﬂ‘ﬁ‘é/vﬁgqpﬁbgﬂgtf’gb"eof t he
boss is HNaglen within the shadow or wake thereof, and is unaffected by the

shot as it rebounds harm essly away fromthe boss and renai nder of the
casing. |In order to_ful I_fy scrub the entire perimeter of the boss 12, the

shot st r eaRgesthe abaasion stiget: ol thesphask phoB 3ddy direstionndlydsessitine Jeu targeta second

directio Il f.or | t { ri froma .
correspo nqndalt1 ﬁ%@c‘)ﬂgﬁog ?‘ts 2‘?‘2’@‘&8 ngmsﬁg‘gs ’gtfglggﬁfgtgﬁqﬁeagﬁe%f%jlh?,'pr?'ﬁ‘ét“fq flgd
di rect i ontremmi28 doeirfifislly diglhiarged i Ohist dikbdtiont BRarPGRBbsSP @siilRaRgi Ng from

right to left. This is_illustrated in Fiﬁgre 1 wherein' two sets of the
nozzl es MsFpne? dosahradipg yargetgnafedad fromithe cersespeading firgtrordipsteean siget hei r

respecti t ' t¥ eal 0 d. osit.g.ciycu rential sides of
each of tYlﬁeé bsggg%Pwn?{ lﬁ‘?ar?? asgﬁt eﬂiea%glsi@%%ﬂ 3{1@‘&‘ tff’{ﬁ)lsggdg)ﬁ'egf 2811y,
nmeans i ndlenshifngndaissutiatiebled byohe shABasit eetrp@aahaveleysly awvap drond teBoss annul ar
casing 10 é.lsi ng a suitable shaft and arbor nmounting the casing coaxially

t her ewi t And (gmpanden ef thet@pingei ng effective for rotating the casin-g.around
its centerline axis at any suitable speed such as about 10 rpm The notor

the & ndi 1 el DeabEecl ok Shlic il 6F lebish 1 Do SR 1 488" 1 o

f r om t heprotstine ziz¢ans 28 a3 2hémbe dischivpédun wsweynd Bigectiontteweaiidhé Bogabr Nat eri al

therefro%éin t he prefer‘riﬁgd enbodinment illustrated in Figure 1, the two
sets of HS2diNgLrsy materjldrom asogespanimsnnpesie ssond sidethereafl Iy Figyposi t

si des of 3 t{e fie HirkBridiPlvollaR6:M 188 14 BBAL with the second direction being from
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 shaﬂAand arbor mountiﬁg 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 preférred embodiment illustrated in Figure 1, the two sets of nozzles 26,32 are
preferably mounted on diametrically opposite sides of the casing for discharging 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,




respectively bilayer shot and fluid streans in opposite di bggiiy0pgstoward
the common row of bosses 12 for scrubbing correspondi ngly opp0site sides

t hereof. For example, 28 July 2005 the two sets of nozzles-may be inclined
at the sane angles of incidence relative to the casing surface in opposite
tangential directions around the casing. In this way, as the casing rotates
sl owl y bdbevvemsathef newzlesonay ke selised tithe kandangeestiacidbilelrcRfiveariheb0ss

wll be treated.by.one nozzle set such as the top set illustrated in ‘

Fi gure 1°3P% FUTfacE in pRPQSHE fenganiial direstiissrgimdthecasingses bei ng treated by
the second nozzle set at the bottomof Figure 1. The casing maybe rotated
a suf fi ciig@fiis G4 lth®Fasi | , t le.sets ve
sufficient ti mey{% t?ﬁlﬁ?sffﬁ reé%gét]ﬁ‘g@eﬁﬁv%hgv&%g% %%82%2‘*’%?%% Bir field
of cover &glé of wach bassvwilh baneated thysortehsozzbnset ancings theop sedilivsiredlih y

radi usi ng.the eﬁp&s%% coiiner of the bgsse% as desired. For the exenplary
conpr ess 12uEs, 4y wath the feabng edeq Rotiogsé the basses bewme; trsatadr by Bwssesbnd he
bosses 1goaA®sedst Ble! ResaY r trHfl QI t urface treating
of all the b_ossegktb}?tet?eof [ gee}'si%cﬁaglkg%g cﬁ%n'g%ed agsgngﬁi F'gr{ﬁlfneq'fﬁg s in the
exenpl arievpbitionsso thab thertwoowerledetsdnde suffieivat dhicas ulliandt iHe aidddw support

the two pozzl e Lts for xially translating the bilayer shot and fluid
streans %ﬁpé%slfiﬁsr 8’2%‘"’[ H’@Feﬁ?]grﬂfgﬁ?ivéagﬁ OF TR 28 buiry therews aptwalbases for
sequent iﬁdiﬁ&ﬁﬂ?bﬁd}ﬁsiﬁ@ﬁfe%%eseﬁ%me?@mr:ﬂgéém’.s @ﬁir@&r ubbed until the

W

bosses are deburred and radi used as desired, edch additional row

bei ng scrubbed in turn. O, the nozzles may be axially translated fromrow
to row doTithecxarplagy ompaesser casingalluftratebirbBigeres], iarplwality frows bOWhel O T OW
until a I £ ent . hupber of rotations of the casing occur with a

suffi ci e%ggéﬁu?bg?e aﬁ%ﬂ’%‘i@dr éﬁf‘%a“tﬂf’ pthae, P‘P@S | teeagag of glkthebt ai ned
at whi ctbosseathedebf of désied bosesatingly, additiod ltnl?&ﬁﬁ(?ﬂ‘@h | bur r ed
and radi used as desired. As indilgéa ed ét;ovae, t he |ntég§1%g§jiﬁ?l§lg¥ ng each
boss mayR#er aayersdrlead screws @ axe awed ta hriaflp suppire theethgenddzly paifs fofhe
protecti | i re 28 1 ssplit, araund each. hoss . bel gw t he_

corres pg\'rg%"%gyébrﬁlra?ﬁlgu@ﬂbéé reslgog r%bﬁﬂ@ %F%E@sg’sgw&qqaﬁ?’efﬁ%@“& AsllEt r eam

bei ng diatress sevetadvewslof Bssdidbpsdauemidl egrubbingRE@LsCt i ve | ayer where it thins
due to such

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 of the bosses of

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

| ~ As 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
below the corresponding burr during the scrubbing process so that the shot stream
being directed toward the boss breaches the protective layer where it thins due to such

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

~ As shown in Figure 3, the intended target may also be the sharp corner 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




splitting for deburring the boss down to its underlying exigmﬂgbo&prner. As
shown in Figure 3, the intended target may al so be the sharp corner 20
itself, with or without any burrs thereon, and the scrubbing process may
be used in the sanme manner as that for renoving the burrs for renoving
parent material and radiusing the 9 28 July 2005 exposed external corner

to a sui ' it .t otecti,ve | aver lits.,.as it
1 ons ar Sc FRUF corhf €14 i ETatne) IF e % iChrofhe BBFLIDIS™  he
peri met ess itdbge @buridthelglindidat bbssand Iob@i@?m&bﬁaéi@ﬁ‘e&%tttﬁ@p&liﬁl%} shot
for renmovjng the burr, ~as well as addjtionally radiusing the remaining

corner a&dggaditheboss whieh maythenche abradethbyithembiang shot farrrameningthebymr e 1, the
i | Lafl ' . Lr.Suitabl ized b .
55 or deotibacRiddurs s Al he b S SR 710, 2V 6 B prent

for discharging the pliant shot is comercially available fromU.S.

Technol dgythe preferraf eSbodinrent Thiswated dn iRig@lre e theacastidrt kil 36NaRREferabfy i N Whi ch
the pliant shot 34 is jnitially stored. The hopper is joined in flow
conmuni ¢ FWO rressyrizedenn gompicsa A2 fepdischarzuwithahs shet 34 thjough dhe chanber

whi ch e Lahdiste pliant shot wth the pressurized air for delivery
t hr ough trﬁe COF?C?I}?'[ for discharge fromthe correspondi ng second nozzle 32.

The conpressor 42 may be joined both to the second delivery conduit 48 and
a first Eqigimesr for cdincharging @h¢ gilisad shot tiheommiareialip raliafighléi froin gzl e 26.
In this , alr unde suitable pressure may. be used for both_the

protecti %ﬁl?g%tlf‘%aﬂ{ GF"%‘BHaﬁg‘gh ag‘? d‘i‘i"?sik‘% a pyifadle Heppar o whickcther ving t he
pl i ant ah i d ' 22 £ 30y ' casi ng
bosses. %J{I/arti %Jggggg?ﬁﬁsﬁmgpﬁ?ﬂgaplﬁgﬁﬁbgﬁ%tg J%ﬂ_édayiﬁ%#s%gng@?ﬁurg@ic@a y%avai | abl e
f rom U. Seconflakfivatycmpduit 48 hasimg g gjbetonbhamien whicls enteaihs thet plisat ght,
resilient terial such.a onge, . rubper, felt. | astjc, foam .or other
resili eﬁf‘thgﬁfeeﬂeﬁ’f“.“z?ﬁea"s %%’t a%fvé‘?% r%&ﬂ“ﬁg Hﬁ% C?ﬁd‘ﬂélfgh%h*hﬁréﬁsﬁ?*ﬂcﬂ‘ieon with
open or cehr&pBdinglsbdndlndzAcBoef erred embodi ment the shot

The cbmpressor 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
suitable pressure may be used for both the protective air stream discharged from the
 first nozzle 26 and carrying the pliant shot through the second nozzle 32 for use in

scrubbing the casing bosses.

Vanious 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, rubber, 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 particles 34a as illustrated in more detail
in Figure 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.
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conprises closed cell sponge pol yurethane permtting nulti Qéﬁ_}lggb%se
w t hout- plugging of target material therein. The shot 34 preterably al so

i ncl udes abrasive particles 34a as illustrated in nore detail in Figure 4,
enbedded therein, although' in alternate enbodi nents abrasive may be

om tted. Suitable abrasives include particles of various mnerals, netal

oxi des, ADpAfiédlESadvamdedbPhé spahdtithedil @kéd for Te RABHRAEshot & #Pabllitydo 2005 A
parti cul ar advant age o% t he sponge nedi a used for the scrubbing Shot is its
abi | ity tesist reboud whebaliseharged nowarictha cgeng seanedor sustainisigrit leterdl ace f or

sustaining its lateral .or .sideways noyvenent direction parallel aver the
surface DHEVRYSIROYGRSH JREciRPAHIT oy g Sdirs gl timpiiaes CeprBivPBoss. The
| i ght - webdgatofaRONGSHnTir Bdsdl TRELEM-WEiBhCsHohbEls eflrhind8 in AV Earfibf &F84 Vel v
floats atop the protective boundary layer 30 until. inpinging the exposed
per i met eandofeflettivehndioatsdatap hesprtecting twivodaryi laydri §0rwil limpiogisg théie fir st
nozzle 26 is preferably, confi.qured for discharging a relatively w de
stream O?XPQF?‘P%”%%?TO@&?H@@H@ %8%°t he boss 12 bgi ng scrubbed?/ Simlarly,
the second nozzle 32 is also configured for discharging a wide. stream of
the pliant shBah BAFighréd 3 6Rd 13, Sthe afifst IRzAC! 26 Ss tpereidblly Roffigirb® PSS in a

- bilayer wth and atop the air stream 28 form ng the boundary |ayer 30. In
this waydisdurgingp relatieellgiwidg streathotf an38 afnoss theewidth of thii bessd2dming rom t he

respectiyve . nozzles..t d the, casjng surface stream.of the-intended boss
0P at er ST sERANRLE st iR RALSRaIRT B8 Aithuela & MR qur os
and 5, tdt@ain dfke PR kKot inshficRin36 Ledsy daswrith bf (hedoss RV Kifayaut | et
hol es 50 fornmed in the discharge end of an annular manifold 52 or

di schar gty and plopghe Al striganed & fasming, thegravndayilgyer 30r  Inghisovay, gachetfat i vel y
w de air a3 di schar her gf hom e fir nozzl e 26 ve an oval
out | et eﬂr%%l%i] egl%‘% an\%\‘hz}%{:%?%n"%es l‘sged\?éecrh a gcjde @ (t) ¢ ’Z"%?“ﬁ?’% ngé%gf“éé% Tomthe
out | et hakiag sh@adefupatréanh 6f tHelifiteMlictEboss i Riyerfldy wilebvieAnpyiflg b@n®asi ng
surface. Correspondingly, the second nozzle 32 preferably includes a single.

outl et hole which . )
As shown in more detail in Figures 4 and 5, the first nozzle 26 preferably includes a

linear row of outlet holes 50 formed in the discharge end of an annular manifold 52
for discharging corresponding jets of the protective air to form a relatively 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 shown in Figure 1, the common compressor 42 may be used for suitably
pressurizing 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.
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is also oval, being wider than it is tall in height. The t@@hﬂ?%b gli scharge
orifices of the .two nozzles 26,32 illustrated in Figure 3 sul b?y spread
the respective streans therefromfor maxim zing the effective coverage
area of the scrubbing shot. As shown in Figure 1, the conmon conpressor 42
may be used for suitably pressurizing the air for use both as the

oL . ' zing o as | .A
P esur o TR WwE S i SR AR BY Lol LB an R R redee O e e
to the norainemomesiniprtsioR; drindipendent sbmpksiorili OF, Waﬂﬁﬁﬂé%&e@ﬁﬁi’eﬁ%?% A 110

psi, whereas the carrier air 36 has a relatively | ow pressure o Ifglbout
30- 40 psi MAybe used forithe comesppnding nozles. Therhigh pressere sequoddedtvihe firktl 28

July 2005 s ' bt ai hed ' . i t.abl ¢
o easur e POt 26 Ulpabits Wit L b Bl ) Bifeof Yorahanidin Stksitgs e or .
O, avail jutd evhjuhessodd 1Q6raHROR Bey ardischAobd SForh Ghe tﬂb%zlﬁprhﬁgggggﬂg%gr At es

nozzl es. The high pressure air provided to the first nozzle

wi th t he Byaber fiputlet hales 89, srhtascl®b$, may bprsed i Hyg Bifst aotzly 26aiith aj et s

whi ch sprg@& .eral | t re_discharged fromthe nozzle. Any suitable
number of OUP#%%£E%P%§f§%Tu2§§ﬁﬁ% rfﬁgﬁq%'nay be used in the first nozzle
26 with a suitable dianeter, of about 43 mls for exanple. The resulting

first nozPhereatlitp froangede 26atischal@siHigh dklocitd afr 1 2ViflkePbr B y
| ayer for, pr ot;Becti ng.the underlying casing surface around the individual
bosses 122Ys5 I8t piRiectingo themnderlyingneasister irfact rsowut thedindoddual 1BRsesi EZhar ges

rel atively. ' | tragd ni hereitn, the Light-weight pliant
shot 34 ?Cﬂ W\ggk‘g&g%ﬁ%ﬁe&ﬂprﬁ%g%}%\? .'é(fzI’Zh? %e‘ﬁs‘aﬁ%"? r:éﬁ“i%aﬁi ]r??é‘és t he
per i net ervebijgsioénttdiring ahérefrothediiandigly. sliant 'SHEH 34 vl RBG o ndlesi red.
The resul ting. appa{at us- .and nethod illustrated in Figure 1 provide a

rel ati velPOEFHs 4 layerundilih pppipgesathe simeter adeangbtherhoss for debpoig el v

debur ri ng,fifdnd adiddfhdfediftg MmNy casing bosses in a relatively short tine,
wi th a substan iaf reductli%g'n in cost over hand deburring and hand

radi usi n%.h Deburring and radiusing is effected with substanti al
e 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 éost over hand
deburring and hand radiusing, Debumring and radiusihg 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 surfacé.

While there have been described herein ‘what are considered to be preferred and
exemplary 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 the invention.

- 12




uniformty fromboss to boss, and with mnimal or no risk of jggmags ng or
changing the underlying surface finish of the exposed casing Surface.
Wil e there have been described herein what are considered to be preferred
and exenplary enbodi nents of the present invention, other nodifications of
the invention shall be apparent to those skilled in the art fromthe
teachings herein, and it is, therefore, desired to be-secured in the
appended clains all such nodificat ¢CIJsIMS fall within the true acope of
the invention. 28 July 2005 CLAIMS 1. A nethod of treating a boss

_ _ nethod a_boss
G cchar g ng &7 B CHRUER SRs REP LR Bom B GiR P HeMieseor m

boundary |oypiisiigop sai d surface; and scrubbing a streamof pliant shot
across said boss for selectively abrading target material froma target
t hereat whi) e said boundary | ayer protects said surface from_ abrasion. 2.

A met hod aci¥harging @ Juid driemalgpe sad sudasegtogarbsaid psssiderm ¢ buedaar ged at

a shallow I . 4 ned toward said surface upstream from sai d boss
to ride at g%’r&gapﬁggoﬂﬁ%geﬁeﬁfayer i n inpingenment against said target for

"renoving material therefrom 3. A nethod according to claim2 further
conpri si ng sdiubbingrayisingns af ¢listtr dhwmaofoss kaitl boss for sdedtively fbrading &trgg sai d
fluid streamin. hjlayer streans ward saiq target. 4. A nethod according
to claim3 %Wﬂ\%&'ln%aﬁﬂﬁa%m‘?&?t e ﬁalﬁgb%@g%ﬁweg peRtecst F%gEn‘P%W Foi o
streamin gpfifst direction toward said boss for abrading said target
material froma corresponding first side thereof; and discharging said shot
streamand fluid streamin a second direction toward said boss for
abr adi ng2.s& dnathedyeccondingtd allaifor drwkhercior said peahn rog shot endisshatged beneof . 5.
A, et o aGRNH Atk S ool oA Shf s BRI B9 Ll BS, Hachiges & rov
satd boundary layer in impingement against said target for removing material

therefrom.

3. A method according to claim 2 further comprising discharging said stream of shot in

a carrier fluid atop said fluid stream in bilayer streams toward said target.
4. A method according to claim 3 further comprising:

discharging said shot stream and fluid stream in a first direction toward said boss for

abrading said target material from a corresponding first side thereof; and

discharging said shot stream and fluid stream in a second direction toward said boss for

abrading said target material from a corresponding second side thereof.

3. A method according to claim 3 wherein said workpiece further includes a row of said
bosses circumferentially spaced apart from each other, and further comprising rotating
said workpiece to sequentially position said bosses within said bilayer shot and fluid

streams for scrubbing away said target material therefrom.

6. A method according to claim 5 further comprising discharging two bilayer shot and
fluid streams in opposite directions toward said row of bosses for scrubbing

corresponding opposite sides thereof.
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bosses circunferentially spaced apart from each other, and %
conprising rotating said workpiece to sequentially position sald bosses
within said bilayer shot and fluid streans for scrubbing away said target
material therefrom 6. A nethod according to claim5 further conprising

di scharging two bilayer shot and fluid streans in opposite directions
toward said row of bosses for scrubbing corresponding opposite sides

t her eof . 7.13A38etlod Wccdelibg To clAiniet Winsdeiacadr Womgicte fiattar aofudsk arphimlitgai d

wor kpi ece further includes a_?lurality of rows of said bpsses axjally
spaced apar of fomgafsaidrpasses aially spaged Hpa fropp pash odhehgandofarthen comnrging) at i ng

sai d bil ayer.: | Wi d r ﬂ?e!- r r Cg4gbbi ng

t hereof . 8. &gﬁ%%ﬁ%&%ﬁég&%}ﬁ%&f%ﬂ% g‘lﬁlmﬁgﬁ era'{gllS E&%%%isgl\ﬁfgésgeﬁo“%o%ri ses a
burr al ong scryshingnhbeof.edge of said boss; said fluid streamis split
around said boss below said burr; and said shot streamis directed toward

said bosg for deburring thereof, 9, A nmethod according to claim3 wherein:
sai d tar%et%?fﬁ?‘f%‘é‘fgr %@r%m?’a}"@ﬁrﬁma peri meter edge of said boss; said

fluid streamis split around said boss bel ow said corner; and said shot

streamis d&aﬁ&f-‘aﬁfe@'c&ﬁﬁ‘ﬁ&@aﬁﬁh%&@§pé&ﬁeté@éﬂ?@%f§ﬁd§@ésg_ corner. 10. A method
according to claim3 wherein: said carrier fluid conprises air discharged

under pressure with said shot therein; and said fluid streamconprises air
di schar ged saidi8nidsireas i wlit areynd sdid fossdhebive sad bumj and shot. 11. A net hod
according to claim10 wherein shot conprises cellular sponge. 12. A nethod

according tgQ. i j I ' . j.$es abrasive
particles e%%%%@%%‘%&egéﬁﬂﬁ%lpﬁéﬁgfggggbﬁfgﬁ%ﬁ@%%gl aim 12 wherein
sponge shot conprises pol yurethane.

9. A method according to claim 3 wherein:

said target comprises a corner along a perimeter edge of said boss;

said fluid stream is split around said boss below said corner; and

said shot stream is directed toward said boss for radiusing said corner.
10. A method according to claim 3 wherein:

said carrier fluid comprises air discharged under pressure with said shot therein; and

said fluid stream comprises air discharged under pressure, and being devoid of said

shot.
11. A method according to claim 10 wherein shot comprises cellular sponge.

12. A method according to claim 11 wherein said shot further comprises abrasive particles

embedded therein.
13. A method according to claim 12 wherein sponge shot comprises polyurethane.

14. A method of treating a casing having rows of bosses protruding radially outwardly

from a surrounding surface comprising:
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14. A nethod of treating a casing having rows of bosses prognydbngsradially
outwardly froma surrounding surface conprising: 14 28 July 2005

di scharging a fluid streamal ong said surface toward at | east one of said
bosses to forma boundary | ayer atop said surface; scrubbing a stream of
pliant shot across said one boss for selectively abrading target materi al
froma target thereat while said boundary |ayer protects said surface from
abr asi on; adochagagianfuid sirdam atinggpatdswiage énward|at Yeasiconebofesaghbosbestai d

bosses faqr renoving . correspondi ng said target material therefrom 15. A
met hod agmﬂ%d?%lemiamm&ﬂm@g?»n: said target conprises a burr along a
perineter edge of said one boss; said fluid streamis split around said

one boss bekgvibisiak 8 sReHnh of plidht sERIabrosd\Qld id BARfbiSseRichiRaY S6talip¥adrdetsai d one
boss for deburring thereof. 16. A nethod according to claim 15 wherein:

sai d t ar geterfaliftonern targeptheress white sidrbosindary lepéraprotectsnssid sudangefrom sai d
boss; anle sai d shot streamis directed toward said corner for radially

usi ng t h&P8SP™ 4%, A method accor di ng to claim15 wherein said stream of
shot is discharged at a .shallow angle of incidence toward said surface

‘upstream fresmuta dai@neashRs $o tsequdntell@isefub saihd ol 4Rt doysek afbe rreimdving

i npi ngenent agaj nst said target for renoving material therefrom 18. A
net hod aeessaPlng ¢nid taagehmatengh iesdfipm.sai d shot stream conprises air

di scharged under pressure with said shot therein; and said fluid stream

conpri sescair,  di e, and being devoid of said shot. 19.
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said target comprises a burr along a perimeter edge of said one boss;
said fluid stream is split around said one boss below said burr; and
said shot stream is directed toward said one boss for deburring thereof.
16. A method according to claim 15 wherein:
said target further comprises a corner along said perimeter edge of said boss; and
said shot stream is directed toward said corner for radially using thereof.

17. A method according to claim 15 wherein said stream of shot is discharged at a
shallow angle of incidence toward said surface upstream from said one boss to ride atop

said boundary layer in impingement against said target for removing material therefrom.
18. A method according to claim 17 wherein:
said shot stream comprises air discharged under pressure with said shot therein; and

said fluid stream comprises air discharged under pressure, and being devoid of said

shot.

19. A method according to claim 18 wherein:
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said shot conprises cellular polyurethane sponge having ab§§§&¥90ﬁ§rticles
enbedded therein; and each of said shot and fluid streans IS J'sc ar ged
toward said surface in laterally w de overl apping streans. 20. An
apparatus for treating a boss protruding froma surrounding surface of a
wor kpi ece conprising: nmeans for discharging a fluid stream al ong said
surface toward said boss to forma boundary |ayer atop said surface; and
means for sedidibition gedinrisce agallafar pholgidctitiiot sppapeSkavigl dibbabe farticles
selectively abrading target material therefromwhile said boundary |ayer

- prot ect seshgdded thar@iBeandr om  abrasion. 21. An apparatus according to claim
20 wherein: said discharging neans conprise a first nozzle for discharging
a wide stream,of aid shf G SRyid Ufeathlishui ha%aea%%ﬁss it 1eriOI ng
means conprise a second nozzle for discharging a w de stream of safd

pl i ant siwide averlappiag strezarsr i er across the width of said boss in a bilayer
atop said air stream 22. An apparatus according to claim21 further
conpri si means for rotating sgid workpjece to sequentially .position
especti 98 BBSERRErA e o TERINEnF oSS OIS dFord (o SUTOHIing PUriefedhnd f or

- scrubbing awgipiRkdomptifigy; material therefrom 23. An apparatus according
to claim22 wherein: said first nozzle includes a row of outlet holes for

di scharging corresponding jets of air to formsaid wide air stream and
sai d secondmeanszioe dischrgidg 2 fnid sinene along Isaid sudhes towiardsaid bess tofemm gal | . 16a

boundary layer atop said surface; and

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

abrasion.
21. An apparatus according to claim 20 wherein:

said discharging means comprise a first nozzle for discharging a wide stream of air

across the width of said boss; and

said scrubbing means comprise a second nozzle for discharging a wide stream of said
pliant shot in an air carrier across the width of said boss in a bilayer atop said air

stream.

22. An apparatus according to claim 21 further comprising means for rotating said
workpiece to sequentially position respective bosses thereof within said bilayer shot

and air streams for scrubbing away said target material therefrom.
23. An apparatus according to claim 22 wherein:

said first nozzle includes a row of outlet holes for discharging corresponding jets of air

to form said wide air stream; and

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

16a






