28 July 2005 BILAYER SURFACE SCRUBBI NG BACKGROUND OF THE 38\NWENZHEN The
present invention relates generally to manufacture and repair of machine
parts, and, nore specifically, to surface finishing of such parts.
Machines are assenblies of various parts which are individually

manuf actured and assenbled. 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

r enoval ' onfigure the part to. its final. hape. and si ze
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9 Machining 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 compressor, 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 28 July 2005 The engine thusly includes vajg 26dat i onary
conponents, and various rotating conponents which are typically fornmed of
hi gh strength, state of the art nmetal and conposite nmaterials. 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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annul ar sampasentd whithe aratyiproglly Tomnahef high strenpticlistate of thenaynetidlosgles, nay
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vari abl e conpressor vanes pivotally mounted therein. Each row of bosses.is
initially cast wwth excess material around the common di anmeter thereof,
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i nserted.-during assenbly. The turning operation typi
burrs al besges: treay bai fabrigated ge scasff tor hubstantisHedts fimdlatizes end sutthe finiskct i on of

turning, wth.the | eadi. edges typically having a O -relatively sharp 90
comer. Db ﬁ"ﬁ?“f"s"‘? %gé’gg?‘%?‘mg%rmvi ng the undesirable burrs, and the.
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perineter edges of each_ of the ) .
supporting corresponding variable compressor vanes pivotally mounted therein. Each

row of bosses is initially cast with excess material around the common 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 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.




several bosses in each of the several axial rows, the geor’@tjuil)p@d 5
conplexity thereof renders inpractical automated processing, ‘and therefore
deburring 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 fromany additional material renoval therefrom 2 28
July 2005 But, a significant disadvantage of hand processing is the
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may be damaged beyond repair, which requires scrapping the entire part,
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there is provided a nethod wherein a fluid streamis discharged along a
wor kpi ece surface toward a boss thereof to form a boundary |ayer atop the
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present theweflti on, there is provided a nethod of treating a casing having
rows of bosses protruding radially outwardly froma surrounding surface
conpri si nﬁ: di schaWa a fluid stream al ong said surface toward at | east
one of sBREHLIYYEY ErHEINYENIAPY | ayer atop said surface; scrubbing a

stream of pliant shot across said one boss for selectively abrading target
mat eri al AL th 308 Ghpect of the present invention, there is provided a 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




thereat while said boundary |ayer protects said surface frogabhrnass on; and
rotating said casing to sequentially scrub each of said bosse5 from

renovi ng corresponding said target material therefrom According to

anot her aspect of the present invention, there is provided an apparatus for
treating a boss protruding froma surroundi ng surface of a workpiece
conprising: neans for discharging a fluid stream along said surface toward
sai d bosdort sldctively aabloaiimgl terget thatgeal thewroanmdiils saidaomndarydlageapetdets

scr ubbi ng. strezﬁm of lpI.i ant shot across said boss 3 28 July 2005 for
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protects said surface from abrasion. BRI EF DESCRI PTI ON OF THE DRAW NGS The
i nvent i ORRTIER TR PINCR OF THERASYINGSK and exenpl ary enbodi nents, together
with ftirther objects and advantages thereof, is nore particularly
described in the follow ng detailed description taken in conjunction with
t he accorpanpyayioty dwkengsdance with preferredyand ezethplaph embhdimenits together
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I nvent i oflldwigyidetafled Yestitiptioh a41@adn ddafuntho® SGthi thB abcomhsullyin® drawidist | on of
the conpressor casing illustrated in Figure 1 illustrating exenplary steps
in the nithwhigBt ure thereof, incl udi ng renmoving burrs fromthe bosses

t hereof using the apparatus illustrated in Figure 1. 3a 28 July 2005

Fi gure 3gi faur L |y .S i I, Vi 0 . ry one
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‘accor danpmtmiding bosses in accordance with an exemplary embodiment of the present

invention.

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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exenplary enbodi nent of the present invention. Figure 4 isz§h&?§b(55y ‘
sectional elevational view of the two nozzles illustrated in Hgure 3 for

di scharging correspondi ng streanms of pliant shot and protective fluid al ong
the surface of the workpiece for selectively abrading the bosses thereof
whil e protecting the underlying casing surface. Figure 5 is an end view of
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assenbly. The workpiece is forned of suitable netal, although workpieces
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such as conposites, exanpl e. The conpressor casing nay

convent i detaflisehpiging romespamdingdstraapisca plant ishel ardkprogectior dluidnlvigather ows of
annul ar surface

bosses 1 ot in adi al.ly ou rdly fro sur roundi n

14 of théu 'g‘récsei ‘?fé‘ge@f@mh{fﬁeﬁf{jﬁ% ag‘}gdl%etm&gg?% theseofeyyhibe progecting i n any

convent i gind¥HpIM@ casifiglSiifaceS being initially cast in its two halves, which
are then suitably joined together to form an annular assenbly. The exposed

outer surface_l4 of the casing has a substantially smooth finish follow ng
the cast Fiyropasan ¢nsrview@f deprotestion aguale Hluainsted i Figore 4 amdt wkemalongnoval
therefro Elowe I.ndj vi dual, bosses. 12 are initially cast solid as
cylindri i(;ﬂzla pro;é%dsrf]%%g“é’%%nneleﬁaﬂ?rg& O?W%?‘Wé?qry from the surrounding
surface 14, and initially have excess material 16 at their tops. The

conpr essBETAdEERPDESCRIMMEN OFEHEYNVENTIoad in a vertical turning |athe
for renoving the excess material 16 to forma machined finish atop the

| ndivi duﬁllust?gts 1ezis FigﬁreZIBiSJau\ln%rk%?cgzg 10 in the exemplary form of annular compressor
casing for a gas turbine engine. The casing is typically fonﬁcd in two 1809 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

4




with a conmmon outer diameter fromthe centerline axis of t@@Pﬁ shig. Such
machi ni ng, however, typically |eaves a sharp nmetal burr 18 along the
trailing edge of the remaining corner 20 around the outer perineter edge
of each boss. The | eading edge portion of each conmer, which is first cut
by the lathe tool, is typically without any bun but neverthelgfs ga$|? 4
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r enovi ng apyburiBleidvaithdeung a B A0 Qonide | ndi vi dual bosses or any
material fromthe casing surface 14, and w thout affecting the origi nal
surface finish thereof. As illustrated in Figure 1, an apparatus 24 is
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of the btestsinlPlatexiopbiatiospaced apart fromeach other, with each row

including a nultitude of bosses circunferentially spaced apart from each
the circunference of the casing in the two hal ves thereof.
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fluid stream 28 al on the surface of the casing toward at
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Figures 1 and 2,
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




provided for scrubbing a streamof pliant shot 34 across the m%é& of the
boss 12 for selectively abrading or renoving target materl af erefromin
the exenplary formof 5 28 July 2005 the burr 18, while the boundary

| ayer 30 protects the surrounding casing surface 14 from abrasion by the
shot. I.n the preferred enbodinent illustrated in Figures 1 and 3 the stream
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suitable carrier fluid 36 in a” layer atop the f
over | appi frem@brasiondydhe shateans directed toward the target burrs 18 on the
upstream side of the boss being treated. The purpose of the fluid stream 28

il lustrated,in Figure IS 1 ovide.a protectiv oundary er. 30
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the intended target material. The protective |ayer 30 nmay be forned in any
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stream of__shaot., 34 ig.di scharged at a shall angl.e. of incjidence A toward
the casi NV rtpﬁﬁaégeirl?“frﬁg L?Bgﬁ? B%Fﬁﬁeg?‘d;é eoqﬁﬁlﬁgosg@?gﬂieamat the shot stream
rides laterally and generally parallel to the underlying casing surface

at op the TheQhuepdsesT the IRd sPehnd! 28I illudttatdd'Ri P8R @gﬁwﬁﬁoﬁd@a bAsteQivebur r 18
for successive é“yrem)w ng material therefromuntil the burr’is conpletely

renmoved. Powedasy tayed0 pirpailn atep the surfars gflithe casingito breprioteotad wath theghatui t abl e
whet her t he
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any along its scrubbing path. The carrier fluid 36 entrains the shot for
mai nt ai nFHENer hydischatgedroms dirg fibreggle 26 it is directed toward the burrs 18.
However, the larger the incidence angle A for the pliant shot, the greater
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wi t hout the protective air :
toward the casing surface on 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.




| ayer. Accordingly, shallow angles of incidence A are pref%ﬁﬁgz&& m nim 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 450 . or even 600, with the limt of the incidence angle A being
that angle at which the pliant shot woul d abrade the casing surface 14,
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i ntroduci ng the protective boundary 1ayer 30 over the casing surface 14,
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34. As s l,n, Fi gure .3 t nozzl es. 26, 32 may. be npunted in tandem
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the casing surface 14 which is protected therefromby the intervening

boundary The incidence 1 .may _ be, sel ected in conjunction
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the boss 12 protr u%e$ outwardly lf ?om t he un&%??gggﬁéﬁﬁ%l@\%%g%@ 14, it
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12 as wekdrfa26 being protgoeed.dly over the outer corner thereof where it
substantially dimnishes in thickness and protective effect. The pliant

shot 34 yay then inpinge the outer portion of the boss substantially
nor mal  t BOVAETLHESE BarRastde rraevdasfoutwaidie et theyundertpingicagingaurfdar y | ayer
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direction of the pliant shot. As shown in Figure 3; the protective 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 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




l ocally normal or about 90' to the outwardly extending bun§81f!,_ﬁ? §64 ective
renmoval thereof. In this way the exposed upstream portion o %e
i ndi vi dual boss 12 may be selectively abraded while the surroundi ng casing

surface 14 and | ower portion of the individual bosses is protected from
abrasion by the boundary |ayer 30. This inproved process is known as

Sel ect i ' - ing. - th ot I I
Srt oot SpHRLRK IR e BB ke Sl SRR B i ng
any targdayeaterial, such as the bun 18, within its inpingenent path. This

process is also referred to as bilayer surface scrubbing since the
boundary | ayer 30 is formed atop the casing 7 28 July 2005 surface for

prot ect | oandenbectrasign effectsplbthesphiask phphjd ris | diregtipnalkydseasitiye tfhe tagdt ect i ve

| ayer. Since.- £ AS) f Lant_ sh 34.is directianally
sensitive %?at] tqgtrhgﬂ@%:”r@p] «§r% 'ltngﬁﬂv]\?%?th’hﬁf g"%’%’l’eﬁ@e‘%ﬁ?&meﬁﬁtﬁtﬁ‘@ '!tl'f‘fg shot

st r eam 34tranml 28hee pinAlBCaisvarfdduinth fist dRatoaGonaRl iheitdsal b vs didGhanoed in a
first direction_ toward the boss 12 as illustrated in Figure 3 for abrading
target ndt Eigues 3 detorhredies sueetanpsridl figmithe serrespoudisg disstargipsieean bideeof . The

downstre jcde Es hEdde 1 £ hi.n .t he .shadow or, wake her eof ,
and is u@%@éﬁt%@éﬁ%u@ﬁg&ﬁéﬁ&a@% tr}cé olﬁnhljl Qd%{é?ﬂﬁ]&gﬁgs adey ot B‘ﬁ'i(fhe boss
and r emaitrset, aid ishmatiesied By the shotdgy it rebdunlis haselesHly bhay Gonl B AL net er
of the boss 12, the shot stream 34 and protective stream 28 may then be

di schar g@gf renandee ebthe @FiP8ct i on toward the boss for abrading target
material froma correspondi ng opposite second side thereof. In Figure 3,

the firsi; gidefd iR hO%ndi iggﬁ, J [ eIQ% yrection
being from re?g(?n '!yo e??. %ﬂ{ll%()"l;gsdrﬁt{ﬁué{)}}%t e |]r1i:m|9|tl€ﬁ$$e} 5 g‘?ﬂ?ﬁd two sets
of the npmidctise Abead? 28 meaysthen hbBigcharpedhinedsdcond Hgeaippaoahtdsthé Bossdbr ect i ng
their restpe.tive shot and. fluid stre%ms toward . .

abrading target matenal from a corresponding opposite second side thereof. In Figure

3, the first direction would be from left to right, 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,




opposite circunferential sides of each of the bosses in tupgyagobhs casing
is rotated. Mre specifically, means including a suitable notor 38 are :
operatively joined to the annular casing 10 using a suitable shaft and
arbor: mounting the casing coaxially therewith, with the notor being
effective for rotating the casing around its centerline axis at any

sui t abl e thptersesiofinerziaboay beiiclipad atThe samé angldSof inciabae rehfiostd e f or

rotating the casing 10 to sequentially position the individual bosses 12 in
turn w ?ﬁf’ﬂng flﬁiacﬁﬁ? gpRgsiie faneeniind dmechiensarounshibe £asng-t he two nozzl es 26, 32

for scrubbing away the intended target material therefrom In the

f | kadi LR B : ts.of.. nozzl es 26, 32
e pr el ar bl o athe basE L o o b kb M2l e F 1M R B g 1o
di schar ghald of teeth bossewilbbe itreated by orsymozzihsdt sadd af (el ©Bp Sf AREHated iRPPOSI t €

di ti toward.the comon, row of bgsses 12 for scrubbin

cl); regsbgﬁfﬁ“ﬁegﬁgwd‘&p@&i?aémﬁa‘é%c Por&oBs o %iowamnsitreasedz@y ghg secgad5  t he
t et ek in 4 e - inci denc
oAt ve e e BT 1 s sl oA SR ie B RESE, oune

t he casi rRyolutions b thaivthe, twasiozile setadiang sufficihedmelte flly that MRt W WO

I t he. 0 ~ half of each _boss will be treated by one
28§§| Z g@t ggsﬁﬁ%‘e”é 'enta “tg@%gggtcoi"ﬂaﬁgtf?raf"é'ép‘ﬁ‘% apy busre thereop;, ap welleag r aj | i ng

edge por;;ddm\ﬁ,aggyﬁd}@sipgﬂﬁ@pgé@}g%&@@hﬁgbg%/fﬁgQse%e%ﬁ%)nd nozzl e set at the

bottom of Figure 1. The casing naybe rotated a sufticient number of
revolutions so that the two nozzle sets have sufficient time to fully treat

t he ent i Far thegxeraplagyommgesspr ¢rsingt iluitratéd B Bigofe m\;ﬁmg@v dfeb\gs offthd ng ?n%/h
burrs therean, | as ddi tional |y, radi usi the exposed comers o e
bosses g)g) S%'gsllzr gﬁe X\)ﬁgir)y lsﬂaecegf@ﬁ'ﬁl@?‘y ??Shﬁ?]é%rsﬁ?é]g%@ﬁgtﬁappﬁé’tfraé& e in
Fi gure hossesphereal ist desitbd &oRfin 1?,eadd?9§;§a?§néaﬁs?ﬁ%@éie%ﬂlﬁff8ﬁﬁe& apart

e bosses ‘thereor Is

fromeach other, and surface treating of all 't _
desi r ed ™HEE BPWETeH| lpad seraivs i40rmae usedhibrs akially sepmore el wvoynéaiapsifs foFot or

' | airs for
power ed akﬁaﬂ? t‘?‘ﬁfsﬁa\f\ﬁglltge abrif%ygrss‘?l'?otta%daﬁ{lﬁl Lt}/ca?nuspgig(r:htargtegethte:ygrogoé)zgiaﬁyp !

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 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




axially translating the bilayer shot and fluid streans di S%tgﬁﬁ 8fp4 herefrom
axially across several rows of bosses for sequential scru |n8 t%ereof.
Each ‘boss row may be scrubbed until the bosses are deburred and radiused as
desired, wth each additional row being scrubbed in turn. O, the nozzles
may be axially translated fromrowto row as the casing rotates to scrub

t he boss [ ; ti suf figi ent. nunber of ,rotations
of the casi rkléh g%%{'}ra f W [ h tgvxs%]?? P%ﬁgﬁ;{&h llljllr"r%@]rer' o> gﬁﬁ %{Ptefgg? E‘P’S‘Egﬁ]}tﬁn of the
‘nozzl e pait<loms @biml thedbylihdidal bbss arteloadd icsé,smtd@ﬂvbeﬁsas@tqﬁe péiihe@f the
rows are sui tablé deburred and radi used as desired. As indicated above, the

i nt endedtdggrafdbe bess yyfuch By dherle peraded bysthepliant shotifar ramoning thaduper i net er
edge-th They - id stream 28 is.split around each boss
bel ow tﬁgesg)géour?Se@ggﬁﬁgg@ﬁysﬁn%@gir%é'g{"hn@ sﬁ%ﬁﬁ?ﬁsf rocess so that the shot
stream being directed toward the boss breaches the protective |ayer where
it thinsndhe prefersed bmbedihieht ithgtréted inl #gure i1 NGhet AAEridrOMmsid B3GR pr&fetdbly _
under | yi ng ex}qernal coner. As shown in Figure 3, the intended. target may
al so be ¥hBiehlyrpessyrzl by compressor 47 fopdisehargg witbake shey 3ddheoughéheon, and
t he scr-%@@fngrﬁgess may be used in the sane nmanner as that for renoving
the burrs for renoving parent material and radiusing the 9 28 July 2005
exposed external coner to a suitable radius. In either case, ‘the protective
| ayer sdiquipmentsfart dif¢havgingrthendianheshoy lis rominsatiallp ssvatlslsle | froms U.SS

protectiye, effect at e perigeter, .e of the boss which may then be

abr aded ']yﬁﬁh’?‘ﬂ‘é%llfl&n?} gﬁ’@)‘?’“’f Qﬁc’r @%\ﬂ“ﬁg‘%ﬁﬁbmﬂm,‘e hagpesedd my3hadythe onal |y
radi usi ' L D4 S| P 3 DI | nent

1 st r Zrahf Shol 3T AAIR0. Tholdkpbpitiohlyi foR ShbiRLaf T .y
pr essur ise@adalelizenycmpiieis 48 rhatihgf ar ejdctor blrmgteer wiltith eithens thet pladit shatough t he

first nozgzle 26. Equi pnent. fqr..di schargjng the pliant_ shot is conmmerciall
avai | ab Iwéﬁ’f ﬁ?fnf’{ﬁs@%zege?dﬁ A 8519’,""}’ ﬁgf.m’g# tgfar?PBﬁIF?‘t d é’S&ﬂi‘ng nEpgths o g
sui t abl goheppRding deddnd HakAR 3bhe

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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pliant shot 34 is initially stored. The hopper is joined iﬁ%}ﬁg?bmi
communi cation with a second delivery conduit 48 having an ejettor chanber
which entrains the pliant shot wth the pressurized air for delivery

t hrough the conduit for discharge fromthe corresponding second nozzle 32.
The conpressor 42 may be joined both to the second delivery conduit 48 and

a first adgddivginadvamdpé bf die sg%g@ﬂe&iﬁ ub&Pfor M RNl §ibt fid f@&biﬂlﬁ&é' e 26.
In this way, air under  suitable pressure may be used for both the
pr ot ect i vesishreboynd avhen dlisrbheged dowandothe chsing furfane fansustaining itsildtecdioryi ng t he

i hqt th h the.. d nozzle 32 f ' bi ng, t i
Dosces. © SAPHInF Rl Gt L v eHBE sufbog RBoL i It iy a; | Al o
from U. Sedge aBaegandidgBoss 2THe Hgﬁfﬁéigh! sf)oﬁgmreinﬁﬁined lih @8 karyel AP36

resilient material 'suchas spongée, rubber, Telt, plastic, foam or other
resi | i enandrefiectively fibhts atopt ther protective ybdwadaryalage B wntil cimmpsngiog tthen wi t h

open or closed cells. a preferred enbodi ment the shot conprises closed
cel | spoﬁ&’é’s‘ﬁgﬁ’weé?rh‘gj eH@WﬁPﬁibﬁﬁseﬁul tiple re-use without plugging of
target material therein. The shot 34 preferably al so includes abrasive

particl eas Ihawasin Figtsés at 6 i3) Rer Brsflgfodile 26 s fr&feradlyt coffiifddiqgy t herein,
- although in alternate enmbodi ments abrasive may be omtted. Suitable
‘abr asi vedisthargingie rplatively|vide siresmrafcins 2#izprosnthe, widgh af thexbersd2 begst i cs,

and bl ack_wal nut..shell ,.for exanple...10 28 July 2005 A particul a '
2vant ageriPePn By db Stro 1R 17 R 8 S BGR Gr hsPRietie 51 11 1y 10
resi st raRemuT sl sHRAEeE R idash J6Rrese thdgidih b e BobOm hiflyal ning its
| ateral or sideways novenent direction parallel over the surfacé until it

i mpi ngeswithh ang pigprthelpifgtreamgds rmang Berkoypdaryilaygr 38s dn thiseway, gach ofei ght

sponge i raipned i.n.i rpi LI nd_eff lvelly floats atop the
pr ot ect i@%gg%eﬁ(ﬁg&yaﬁda%}%%é uir’?tdl?%c}llgr eﬁﬁg‘f‘%g”% W&“ﬁ&%ggﬂxﬁgﬁaﬁi?ﬁ of the
i ndi vi duabinle®$8% upstream of the intended boss in laterally wide overlapping streams.

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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As shown in Figures | and 3, the first nozzle 26 is preferg@lﬁhygg I gur ed

for discharging -a relatively wide streamof air 28 across the"wdth of the
boss 12 being scrubbed. Simlarly, the second nozzle 32 is also configured
for discharging a wwde. streamof the pliant shot 34 inits carrier air 36
across the width of the boss in a bilayer wth and atop the air stream 28

formng t I 4 hi V. _eac f the bila shot and
air st rea%eiﬁg& i Sé'?%%‘g "F“S%rﬁ ‘%‘ﬁ%‘@‘%@%@#?ﬁﬁ%&%%s%aa?ﬁﬁ%mE}&si ng
surface upemmoanonipresser,iortinfepesidn0sompresicrs.e Ol é\)éil%l@%r&‘éﬁ'irii&i@%g Ql'ir
streans. As shown in nore detail in Figures 4 and 5, the first nozzle 26.
pr ef er abl Payheused fordhe comesppndingnezzies, t The hiph presswe afrqrovided to thiadirst

di schar ge : |l f i schargi ng..corresponding jets
of the prot ec%?@W%@ér‘%&%@@?%@@%ﬁ &’8"5’? or] E’f’%@éﬂﬁ ‘Eﬁ:%cgﬂﬁﬁ!jed
Lher ef r ojetsThdid sgread\0acially 26 88y o0 Fschiled Ator tht GozRRd_ WY Wi N oh
the several jets of air are discharged fromthe outlet holes Ina -

| ateral | yﬂWlﬁ'ar of qitlgy, hples 158y puahoasal B $,imax hsinsed s theafisst nGole 26 paidgiang! v,

t he secong.. . 2 preferahly.ipncludes a single outlet hole which is

al so oval ,H”%gl&f\déaen\}méﬁré?’f%%uﬁ%?ﬁlﬂss%fSfﬁmslﬁ' hei ght. The two oval discharge
orifices of the two nozzles 26,32 illustrated in Figure 3 suitably spread
the respehid meulting fe® notdle 26! disthaiges HEK vBloith Girt iea HhidRkel by Bofisey 20€
area of the scrubbing shot. As shown_ in Figure 1, the conmobn conpressor 42
may be udBYFriigr peeipeting the wideslying; easing susfaceiarownst thesindbodiml dossdsel?

prot ecti ve,aif: ' rrd4 LI JStre 3 nder sui.t abl
pressure?ﬁ?ﬁﬁ{lﬁg%gwgﬁrﬁg%?%ﬁ%@dim%fg?éopﬂen?ﬁzﬁﬁnggt(g@é‘afaﬁqg rsatvely ]g’ﬁ‘énnel ed
to the nozhicity rimerdtodining 2hersiie ther lighatvaiglitypling Bhor $6 SHich BbadRey aR0- 110
psi, whereas the carrier _air 36 has a relatively | ow pressure of about

30- 40 psiPreisFiver ayenuntilib ippinges thempsrimetar ndgns ohthedwss et debpuring orl1 28
July 2005adi,]g;ﬁghlg¥&=&-agg sdre air nay be obtained by using a suitable
pressure reducer omthe common conpressor, or independent conpressors.

O, available ;)_r essurized shop air
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 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.
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may be used for the corresponding nozzles. The high pressubg ralhops ovi ded
to the first nozzle 26 cooperates with the small outlet hol es”50 thereof
for providing effective air jets which spread laterally as they are

di scharged fromthe nozzle. Any suitable nunber of outlet holes 50, such
as 10-15, may be used in the first nozzle 26 with a suitable diameter, of
about 43 mls for exanple. The resulting first nozzle 26 discharges high
velocity air in a blanket or bound&IyAIM8&yer for protecting the underlying
casing surface around the individual bosses 12 protruding outwardly

her ef I I sch | ati.vel | oCi. i
ent i ni Ky 4 A 8 etRE X BrelRl s R atodos 8 Setliiged, " he

protective.@niprisiiger until it inpinges the perineter edges of the boss for

deburring or radiusing thereof as desired. The resulting apparatus and

method illustrated in Figure | provide a rel ativelg sinmple and effective
0

aut omat ed dHfhAEHER Hluidoyireeny derg vai purdasstomiarysaih Boysdai fogn igbaumdanyany
casi ng bosslgﬁ:éia{?)gasgfdegu?ﬁa&él%a short tinme, with a substantial reduction in
n e

cost over h urring’and hand radiusing. Deburring and radiusing is
~effected with substantial wuniformty fromboss to boss, and with m ni nmal
or no ri sk sofubbiageyistngoo of phiamtgshog actobe said dess o geletivélacabriding sdigaf t he

~exposed casing. face. Wile there have been described herein what are
consi der ed fietAreg therrat Wgﬂ%ﬁﬂﬁawm&%d@feﬁ@mtgc%ﬁm werfme\ég%lﬁt

invention, sgtRhey 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 nodifications as fall
wi t hi n t e A method eoqpediog to daimny ewlidrain. sal® s@éand wfyshdO Q6 disChaAgddSatla A

method of L gl N2, POSSRL.OLLAS Nl LLOMASHLLOHS! 28 5L 255, Sy
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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di scharging a fluid streamal ong said surface toward said bogg, beod orm a
boundary |ayer atop said surface; and scrubbing a stream™© p?rl ant shot
across said boss for selectively abrading target material froma target
thereat while said boundary | ayer protects said surface from abrasion. 2.
A met hod according to claim1 wherein said stream of shot is discharged at
a shallow angle of incidence toward said surface upstreamfrom said boss
to ride @At op mehod aboudidgry claity 6rwheteinnpidnwerikpiete Ageiensichaies d phasnliet f or
removing material _therefrom 3. A nethod according to claim?2 further
conpri si ng o et gridpasses axily spsed fapah drom gach otheky a1y FELROEPREES sai d
fluid streap:i I . SR j-d . aggeordi ng
to claim3 délplhg—'lrjﬁsg%]%rslﬁ}& ﬁg: d:sgeclzvﬁé@glﬁﬁfg %aelg@g(sa}f?(r)%ésstafraeg@n%sgﬁgrsf uid
stream i n asdrubtdiig fhiereefiti on toward said boss for abrading said target
material froma corresponding first side thereof; and discharging said shot

stream apd quig trean m%.seco d direction toward said boss for
abr adi ngSsaf*dngt ?‘S%‘ico g0 lginy 3 WHESIN or r espondi ng second si de thereof. 5.
A met hod according to claim3 wherein said workpiece further includes a row

of said bogs@hrsd LEMPAiRE aMubIbg Spaasderdie bf §5i@BbRach other, and further
conprising rotating said workpiece to sequentially position said bosses

within said bilayer shot and fluid streans for scrubbing away said target
materi al t hepidflnigrsiredn iysphié atovad suid besh bedpw epid buirharsl f urt her conpri sing
di scharging two bilayer shot and fluid streans in opposite directions

toward said_r i i opposite sides
t her eof . 1353(3%3%?%%?1@%@& Aé&nger? %%‘18 %ggsc%?gébﬁgﬁﬁ%ﬂlgf%ﬁm 6 wherein said
wor kpi ece further includes a plurality of rows of said bosses axially
spaced agar A rhethed saofdingy toelaimeiahéreint her conpri si ng

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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axially translating said bilayer shot and fluid streams acpggsy28bsl boss
rows for scrubbing thereof. 8. A nethod according to claim3 wherein: said
target conprises a burr along a perineter edge of said boss; said fluid
streamis split around said boss below said burr; and said shot streamis
directed toward said boss for debarring thereof. 9. A nethod according to
claim3 wherein: said target conprises a corner along a perineter edge of
sai d boss; dsehatghgua fluidtstreamalmgssaid surface tovdard ait deabiosse dfedaal\besaesdtocor ner ;
and said shof streamis directed toward said boss for radiusing said

corner. 1™ AboHdpy ey alarsge C®laim 3 wherein: said carrier fluid

conprises air discharged under pressure with said shot therein; and said

fluid streagaesRE b $88ARbLF plHint SRALERY: e B8 FailicRctifdly abaliRg tsgymoi d of
said shot. 11. A" nmethod according to claim 10 wherein shot conprises

cel | ul ar nepasiahdiont 2. targetdhéreat white selid rpundary| layen protestsesaid sudadedfremot
further clc))rrgri,seﬁ abrasive particles enbedded therein. 13. A nethod
accordi na T % m 12 wherein sponge shot conprises pol yurethane. 14. A
met hod of treating a casing having rows of bosses protruding radially

outwardly tdtengR ssidr cRuRdid Geguntialle ABPEd BE: sakdt bdsed Ufoy RR%iIng

di scharging a fluid streamal ong said surface toward at |east one of said
bosses t@“?sﬁﬁliﬁllég%@umgﬁqut%ﬂﬁé&%ﬁfﬁw-sai d surface; scrubbing a stream of
pliant shot across said one boss for selectively abrading target materi al

froma t@g_gg&n&ﬁg& Q@c%rd’ﬂ?él@cl&iﬂlﬁ@ﬁ&@&?ry | ayer protects said surface from

abr asi on; an

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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rotating said casing to sequentially scrub each of said bogges bgﬁsrennving
corresponding said target material therefrom 15. A nethod AcCor Ing to
claim 14 wherein: said target conprises a burr along a perineter edge of
said one boss; said fluid streamis split around said one boss bel ow said
burr; and said shot streamis directed toward said one boss for deburring
thereof. 16. A nethod according to claim 15 wherein: said target further
conpri ses asfhdr e edmpikes addiuRer botpinetha@e 9shodbe Skhdvihd absdsivenartiidsd shot
streamis directed toward said corner for radially using thereof. 17. A

- met hod ag@bedded ghareincangdi m 15 wherein said streamof shot is discharged at a
shal | ow angl e of incidence toward said surface upstreamfrom said one boss

to ride ato sa {: . i N: 0 Al I is t for
removi ng na?aecPicgilﬁ%ﬁgﬁﬁg)ﬂdl@\é@éﬂyﬁeﬁﬁdgg ggtgéva{aﬁ%@g&rg ailfr;n%%{ag erein:
sai d shotvidtovedappinggirdaass ai r di scharged under pressure with said shot

therein; and said fluid stream conprises air discharged under pressure,

and being, devoid of said shot. 19. A nethod. according .to claim18 wherein:
15 28 3079 Bceppatatys Fariseatian oss STREHIR dioiba) JuraHiie S HsgR" Aavi ng
~abrasive paghligi&s cofiphgidged therein; and each of said shot and fluid
streans is discharged toward said surface in laterally w de overl apping
streans. 20. An apparatus for treating a boss protruding froma surrounding
surface of w®mecangoiok diselasgiog apfhiié stnepm aloag saitlgurfd¢ssiomardysad bessttp dban 8t r eam

2{]??2(::@ gn uurnhg%qa)tfe?\g%rpdsms s'ugfagec;’séﬁdto forma boundary |ayer atop said

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.
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means for scrubbing a stream of pliant shot across said bo§%hﬁ23005
sel ectively abrading . target material therefromwhile said bounhdary | ayer
protects said surface from abrasion. 21. An apparatus according to claim
20 wherein: said discharging neans conprise a first nozzle for discharging
a wde streamof air across the wdth of said boss; and said scrubbing
means conprise a second nBHA¥ERSURFACERCRUBBINGI de stream of said
pliant shot in an air carrier across the width of said boss in a bilayer
at op sai { r 2 ratus according to claim?21 further
conprisi%&ﬁﬂggwé*fgﬁfﬁg?ﬁ?Fﬁgﬁiﬁﬂ% wor kpi ece to sequentially position
respecti ve bosses thereof within said bilayer shot and air streans for
scrubbi ng Auidystfeand(2BRisOdikchaRica d i ording
to claim22 wherei :’:lt };ai d first d}}%’;ﬁi?ﬂftﬁ%%ﬁj@ggﬁ%ﬁc pgg/to E@L?F’é?s ﬁgﬁes for
di schar gthspoé & femppbelndgry]leyes (38) atop thet surface. A stieamwif ¢diani shos (39dsn and

sai d sec zzl e incl ud a,single outlet hole being wider than tall.
16a Bl LA %@m‘@cﬁﬁaﬁﬂﬁ’%@%@&% targpt ppteigl Werohom Ml dhet r eam
(28) is Baumdhs 1gRE prtRGhesithick Bofsbradisd. ace (14) toward . a boss (12)
thereof to.forma goundary | ayer (30) atop the surface. A stream of-pliant

shot (34) is scrubbed across the boss for selectively abrading target
material therefromwhile the boundary |ayer protects the surface from
abrasion. Figure 1

. Figure 1

17 -




