NON- SEPARATI NG DI FFUSER FOR HOLES PRODUCED BY A TWO STEP PROCESS
BACKGROUND OF THE INVENTION (1) Field of the Invention The present
invention relates to nethod to fabricate non-separating diffuser holes
formed by way of a two step process and an el ectrode conb used in the
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not a probl em when bo%? fe% ures are pr&duced froma single electrode,
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several reasons to want to use one process to produce the netering hole

and anofR@iPBPocels BF JPRIA(T ST prsddEécPRE RITudrLe dpeeltvcal |y,
cozt han@xﬂamtgugtymgil héddd caldaRn Fr 18%80PLEo1idg I rmanewelhiscaci ous,
an ence

diffuser to slow down the air flow and spread it over the

surface of the airfoil in a thin film.

OCne common hole used to provide such cocling
characteristics is the "Vehr" hole {(disclosed in US Patent
4653983) which permite the cooling air flow to be discharged at
an angle to the main gas path flow. This "cross flow" helps to
create a more uniform layer of film coeling to insulate the
blade from the high temperature gas path air. The Vehr hole
uses two diffusion surfaces for holes on the pressure and
suction surfaces, and three diffusers for holes along the tip
and platform of the blade.

A critical reguirement of such a hole is that there be no
step between the meter section and the diffuser surfaces. This
is not a problem when both features are produced from a single
electrode, but is a major problem if the hole is produced by one
process and the diffuser is produced by a different process
and/or operation.

There are several reasons to want tc use one process to
produce the metering hole and another process or operation to
produce the diffuser, specifically, cost and difficulty of
fabrication. For example, it is more efficacious, and hence

cheaper, to use a more efficient LASER procesgs to produce the
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cheaper, to use a nore efficient LASER process to produce the Z hole,
whi |l e using an EDM process to nachine the diffuser. Wth regards to
difficulty, drilling a "Vehr type hole" into a small cavity in nodern
"super-cooled airfoils" is very difficult with a single shaped el ectrode
and is very costly if not inpossible wthout back-striking the inner wall
whi ch causes a stress concentration factor in the already highly stressed

i nner |1.. Thi.g problemis greatly reduced if the hole is produced in a
t wo s?ﬂﬁ)lﬁr'oc‘f’g’é‘i‘e Hé@lﬁgd%s%&%fplfwsﬁr 6Ceg3ebingethe diffsstrop MWokd
process redpirdg docankicnabi 0p oir{ASER £1eehi 0] e Jmachi_ning, ( EDM
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can acconmmuodat e a. ce%tai n_apmount of location tolerance of the diffuser
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the present invention to provide a nethod, and apparatus for s
per f or Mi§P PEOFSBPi cate non-separating diffuser holes forned by way of a

two Step preegssalblsi S el ABealeal NG, PIEISN,hAVENLion to
provide a nmethod for form ng non-separating diffusers in-a Barf: #hi ch
conpri s@F1eastepbinht iabrot HASFR aeleetstd dnechmtey imaghlialiegi NEDR) part ,
provi di ng ahcLeash pogyekLLetTode LD LI 51092 LQOLh  ggLd,Logth
conprising a nose conprised of = plar é:%f%ggeo“f‘ Stp betwetn the hole

and the diffuser surfaces which will degrade the cooling ability

of the "Vehr" holes produced. The step is caused by the

location tolerance of the diffuser relative to the centerline of

the hole.

What is therefore needed is a modified "Vehr" type

diffuser, and a method for producing it, which can accommodate a

certain amount of location tolerance of the diffuser relative to

the hole without causing "separation" of the flow from the

diffuser surface.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method, and apparatus for so performing, to fabricate
neon-separating diffuser holes formed by way of a two step
process.

It is a further object of the present invention to provide
a method for forming non-separating diffusers in a part which
comprises the steps of fabricating at least one metering hole in
a part, providing at least one electrode comb comprising a tooth
sald tooth comprising a nose comprised of a plurality of
diffuser surfaces intersecting at a point on a tooth centerline,
and at least one of said plurality of diffuser surfaces

truncated by an offset from the centerline, and fabricating at
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diffuser surfaces intersecting at a point on a tooth centerline, and at

| east one of said plurality of diffuser surfaces truncated by an offset
fromthe centerline, and fabricating at 2 | east one diffuser hole with the
el ectrode conb in the part so that the at |east one diffuser hole
intersects the at |east one netering hole at a transition region. It is a
further object of the present invention to provide an electrode conb for
provi di di ffusi ol es jch cqnprise at | east one nose extending to
a pointrg%agﬁg°§ec§ﬁF£PF?ﬁe?o ' fbd ec&iﬁFFg?ﬁ% FMaddt thenBRTENGPe
portion weapabhe at flesstngnd difmngit hoNer et OPsedts ithe funther ghiect of
the present invention to provide a nmethod for form ng non-separating

di f f useMSHSF 13 APESWAF ch t BTG IS rERdoBt eps of fabricating at |east one
metering hol gl Bs 3 PaktneAlVhidRl IFakhROpBLobEaSt NG (AU TUSEE DY a2

different process or operation. Th ser has ‘an array of g
sur f acesmpadsichgotihr oogh fox grmmn dimse dpdif nsiad angl dhevhtiedt Rompenses| i ne

to provi%ela t%ansition regi on. fromthe througﬂ hole, to the diffuser
porti on %5t "FREThEFE. PORRI & HHEE &Y PsPOUBEI FHPY th&SEtenlfBBest BNt i nue

beyond trh;%ep&btnp&ﬁléﬁﬁQEal(aLlikﬁiﬂtidﬂéﬂstanfg@lee{)@f‘@ﬂ)xﬁcﬁﬂﬁatﬂl@%k folRingrd aces
where diffusion is not desired, these surfaces are truncated at a
di st anc&POSHEAB TR8APRal centerline of the tooth so as to nerely

elimnate ther skep whi-che Wil eXicH Ret peeLethe RAGE 1o the bl ggand the

edge of the diffuser hole due to tolerances between the two “operations.
BRI EF DESOREPPACKCOF: THE IBRAWNGS PRIret 11gi 41 G wenf am &f pamtewbtthode conb

of the Ricfipelibes! BHENLLGDs & Garilchednyl QY PLadl) HLHERYTnLORELDY; flOWN
a part, and fabricating at least one diffuser by a different
process or operation. The diffuser has an array of angled
surfaces passing through a common nose point along the tooth
centerline to previde a transiticon region from the through hole,
to the diffuser portion of the hole. Where diffusion is
desired, these surfaces continue beyond the part surface (under
worst tolerance conditions). On surfaces where diffusion is not
desired, these surfaces are truncated at a distance from the
nominal centerline of the tooth so as to merely eliminate the
step which would exist between the edge of the hole and the edge
of the diffuser hole due to tolerances between the two

operations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an electrode comb of the present
invention.

FIG. 2 is a view of an electrode loocking down the meter
line of the electrode.

FIG. 3 is a detail of the nose section of an electrode comb
of the present invention.

FIG. 4 is a diagram of a meter hole and diffuser as

produced by the present invention.



FIG 3 is a detail of the nose section of an electrode conb of the
present invention. FIG 4 is a diagramof a neter hole and diffuser as
produced by the present invention. 3 DETAILED DESCRI PTI ON OF THE PREFERRED
EMDODI MENT(S) The present invention teaches the creation of a preferably
EDM d di ffuser whose centerline is nomnally co-linear with the hole
drilled through the wall which forns the neter section of the finished

"Vehr" hole. T d t | ith filleted .
The present i nOEREEERD | B¥par i He ot rhEq bR meobrENERRY (ool sed
to formthe dhtfgsesenthiherdassr ickadnas theugheads kel g ?%e@é-i’éiafg

first, the process nmay in practice be reversed. The present invention is
descri bEFMEr L hfpeR whespsanteglinecdppnentertbieo Havieay withebke two
teeth. pigwevet;ibh YRULEGIDE R4S heANEoSi L1ed i § Lo gxtend
t he teachi ngs of tﬂe pr e&sigent HRegvé—inti on Fg ??ltf:ﬁjdﬂe}%t ﬁdgr&&;rgggf%éons?ﬁgl e

t oot h elt8et fodeshedd"YehEDWMaee diThubeleatan bé nequrer or irkctangpasal | el

hol es ex|. [ | ane, a cob of "n" teeth <could be used to formthe
di ffuse?'}%%‘ kgﬁﬁgﬁaﬁs(:%n%rﬁ‘i nme. Therefore, as used herein, "conb

el ectrode" reherprasene! intentdon gebbtods Heydihenlivh eremko8Ehendén the
case of _a_ si ngie tooth %Irectrode, the tol erance to be accommbdat ed

bet ween EPHe tOenPEFEi HR O™ Hdteh Gid TRAET heVieklt ¢lasaidber eRethrrdliser is

M ni mal chknhbhe £3s@rofian eyt 0 tlel blrocBss dhdy UsEisyadt ibhepesane tine,
the tol erance to be acconmodated is greater. The diffuser electrode of the
present IFHGEREAon TRe sPrRgent inyerkéon i6udercpidrad derefinawishect r ode

known iQBEP@cgrgo“QiE&bmﬁ”é%@&%?%dgethaygg%hggel 0R qg%tﬂser in a

single EDM process. These known el ectr s usual'ly have four sides in
cur r ent Hope#eri cet vikleldare tdhyigiugctrodas sk ! hrahufmather edtbyowex eeEDM

the teachings of the present invention to include the use of a
single tooth electrode used to EDM one diffuser at a time, or,
if "n" parallel heles exist in a plane, a comb of "n" teeth
could be used to form the diffuser on "n" holes at a time.
Therefore, as used herein, "comb electrode" refers as well to an
electrode having only one tooth. In the case of a single tooth
electrode, the tolerance to be accommodated between the
centerline of the hole and the centerline of the diffuser is
minimal. In the case of a comb to drill "n" diffusers at the
same time, the tolerance to be accommodated is greater.

The diffuser electrode of the present invention is similar
to the diffuser portion of an electrode known in the art which
produces both the hole and the diffuser in a single EDM process.
These known electrodes usually have four sides in current
practice, whether the electrodes are manufactured by wire EDM
from strip copper or coined in multi-stage dies. The one or two
sides which have no diffuser have a single surface on the
portion forming the meter hole and the straight (no diffusion)
side of the diffuser.

The description of the diffuser of the present invention is
based on a four sided electrode, but the process may be extended

to cases wherein the number of diffusers is based on three or



fromstrip copper or coined in nulti-stage dies. The one or two sides
whi ch have no diffuser have a single surface on the portion formng the
meter hole and the straight (no diffusion) side of the diffuser. The
description of the diffuser of the present invention is based on a four
si ded el ectrode, but the process may be extended to cases wherein the
nunber of diffusers is based on three or 4 even five or nore diffusers in

an arrayv%po Ev%h% h%Iee éegéerline. Wth reference to Fl 1, there is
i |1 ustrated &1t'WoFoBPhe Bfetiidde Cofs 2IT3Y o2 Broudde i ffusers at

t he samednceelane.two parall el holes which are spaced one pitch 1 apart.
The nom nal g}tch 1 between the centerlines 2 of the teeth is the sane as
the nominal dis$hakeéepabaRetr tEkS adj-addfepafall BrsthiGitesl a gwohsoekhe

pl ane. e melak anghe:d:i s, theangl %u?éf“h??fﬁ@& s {10l i&,JTRkES g%@ Lhe

nmeter line 4. In the case of 'a one-step hole, the neter Iline I's aline
drawn t Wmsuglarehéepohaleat winhilc rtehepdiceflusee spieat 1t leparet.er Thhol e. I n

this discl re. .th er line.4 for the.two-ste hol e i.s drawn through
t he com%ﬁnqi%lr%tlepééggi gﬁg%gw?%%q%hoeurce&tiﬁf&g?sp?a% R ttﬁettrs?e 1ﬁo¥vge

center | isae Mst €hel hoRidal sdbstdridee Haawekhet wb Oadifwecdftt @farailne10hoiési shed
hol cs. thgépline 4 %gasses t hrough the_point or points 5 at which the

four di ffusdfsSaBFoBi2PhRe t U8 MEEH 6PCitRed 25 Hhife e YAi6R 636R the

el ectrogde1eomBkEElwh Sht PBe ah@a1S86Get @ Mount the el ectrode in an EDM
machi ne. Upper area 6 may have features used for nounting and aligning
the el ectrodé? WEhCREEePEMR Lt FHER h2ley hebe atey |ligwer 4t d¢ a View of

el ect r odg a6 nEdhghoeke n%omtalv@ﬁ%t REeTBE PEuLd AL bk 0f %@iﬁeéﬁct rode

conb 111. Plane 7 i's the basic plane of the electrode co ichis
nom nal MPleoi néndéhi swilidctopinme titer eghrt héne 4 for the two-step

hole is drawn through the common intersection of the four
diffuser planes with the hole centerline. Meter line 4 is a
line parallel to the meter line cf finished holes. Meter line 4
passes through the point or peints 5 at which the four diffusers
cross the tooth centerlines 2. The upper area 6 of the
electrode comb 111 is the area used to mount the electrode in an
EDM machine. Upper area 6 may have features used for mounting
and aligning the electrode.

With reference to FIG. 2, there is illustrated a view of
electrode comb 111 looking down along the meter line 4 of the
electrode comb 111. Plane 7 is the basic plane of the electrode
comb 111 which is nominally coincident with a plane through the
centerline of the nominal holes. The aft diffuser angle 8 and
the forward diffuser angle 9 are defined in this view for a comb
electrode. The thickness 14 of the electrede comb 111 is
illustrated. Preferably, diffuser angles 8, 9 are no greater
than 12°. Most preferably, diffuser angles 8, 9 are
approximately 10°.

With reference to FIG. 3, there is illustrated an enlarged
view of the diffuser area of the electrode comb 111. The
cooling hele diameter 10 in the airfeoil is shown (dashed on the

upper hole) in its nominal location (generally aligned with the
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centerline of the nomnal holes. The aft diffuser angle S and the forward
diffuser angle 9 are defined in this view for a conb electrode. The

t hi ckness 14 of the electrode conb 111 is illustrated. Preferably,

di ffuser angles 8, 9 are no greater than 12. Mst preferably, diffuser
angles 8, 9 are approximately 10*. Wth reference to FIG 3, there is
illustrated an enlarged view of the diffuser area of the el ectrode conb

111. The__cooling hole_dianeter 10 in the airfoil is shown (dashed on the
upper h&FE) effll’lilf‘gE %oﬁ nalfe | it(?ﬁthQHeP%F?f]a)l i gnig® WPPgTt AéfBuser

cent er | iana3 e210f ahbet GOMudaetdl 1o 805831 121%%3%9&%&.QEfEH§§V angle 11
and the | ower diffuser angle 12 are shown in this figure. Preferably,

di f f usefigHgPes TIcfapable fH ffussrepnghan 112. 1\ste mocbeeabky, thaf user
angl es 12 i el y e t._exanple, .the nose 31
g %%P. MaLE ﬁ%@%ﬁ%% a M F%ggr gﬂg%ggéﬁgu%ﬁpar angrg?lgéti yand

of the electrode Iii ur users y ‘ang
12, whidlR°-termnate in a point 5 on the centerline 2 of the tooth. (Note

hat th ' f_the tooth | i nal | -linear with the
Cont el ne.of i HBE TR &5 FHETRLFY uSBPoP AR e i arfdl% SheFhPHE Tbnt er i ne

of the haet fouki abf fiddrpantddredheyl bayiée §0l4 ow it heg hreakniant he
surface without causing the flowto separate from the diffuser wall

Pr ef er abFY™ PAES bRk AR Y FuSofPEngrBt eBE N off thige targhes &ote 11,

12 i's uguakl ynabesht IO 09I HeO oVl Os A Sanar %i_qqne'%? &*{gnca?ee of a
two diffuser "Vehr" hole, the diffusers formed by angles & on the

radi al | Fe86EEbaPE 2F dehdfhalifd - hdhe dhdfusens owmkeherf engdedwstietiof the
ol s g eohRLFLIALSSE o Rl ARl LEL SSHOTINS UL KBRS |
Max. tobgeakcen(the tdier gt ividbloatderesin@mhatfilely canskparate from
the diffuser wall. Preferably, the maximum diffusion angle for
any of the angles 8, 9, 11, 12 is usually about 10 degrees to
.................

In the case of a two diffuser "Vehr" hole, the diffusers
formed by angles 9 & 11 on the radially outboard side of the
hole and that on the forward side of the hole are terminated by
a surface offset 13 from the centerline of the hole by a
distance equal to one half the width of the Max. hole plus the
Max. tolerance (in the applicable direction)} which can be
maintained between the centerline of the hole and the centerline
of the diffuser. This tolerance is greater for a multi tooth
electrode since the variation of the pitch between adjacent
centerlines of both the holes and the comb must be taken into
account, as well as the rotation of the comb relative to a plane
containing the centerlines of the holes.

It can be seen that the portion of the hole adjacent to the
hole meter section will have diffusion on all four sides over
some distance. The area ratio for this hole will therefore tend
to be greater than the hole produced by the conventional single
step EDM process. This is partially offset by the fact that the

surface offset on the front diffuser will decrease the distance



mai nt ai ned between the centerline of the hole and the centerline of the
diffuser. This tolerance is greater for a nulti tooth electrode since the
variation of the pitch between adjacent centerlines of both the holes and
the conb nmust be taken into account, as well as the rotation of the conb
relative to a plane containing the centerlines of the holes. it can be
seen that the portion of the hole adjacent to the hole neter section wll
have diffusi o] |1 four sides over sonme distance. The area ratio for
this holf&°fi ?F‘et H%?‘Ef%‘?tee’f it t%teop\éémﬁr‘ég?ﬁ? a8 161 pfoduced by t he
convent ileaalirsidngl e step EDM process. This is partially offset by the
fact that the surface offset on the front diffuser will decrease the

di stance 6 f FBREENBOHST &1k el o heWe Bl ahtsihef OXgGREcar €8VEHRED i S

measur edyFagag) Nk eguidd @S h1av e 2aRbLONL Yol & oifasart®el for a

(vertical height o reakout on t airtoil surface

hol e pr dttacedobyat hele prehideshdly shrgtenserpid&EiBM prgdesstepnEbdased ar ea
ratio a%gog%grage are advantageous to providing a nore efficient hole
for filmcooling of airfoils. Oher optional nmethods for producing a two
step hol e i nchudeagadting trh idi ahdsesseiragd heraigdwirdtaseblis tben drilling

the hole by EDM LASER drjilling or Electron Beamdrilling. In  addition,
one canpﬁﬁg'ﬁEhEgtﬂemﬂW f‘?]gsge’rmﬁ%‘épg,‘ﬂ?héﬂrdﬂ]rr’l‘ 9 ingo o By YEPM S LASER

drilling or Btpetrept Beam diddHdaRg foFhEs8ausimPs MY RecperboLmed in the
reverse order. Wth reference to FIG 4, there is illustrated a

cross- sé8FlBACoFAERhENT | IS KB faisergsén 9he| ainf ey wadd., ShRBedrihiings a
singl e dintf user Byl godl LAdie: \ﬁ%ritmqag} BRIk e d HETHIRED drfifi?ihgle n
centerline 45 and the part surface 47 is roughly equivalent To the neter
angl e 3agflithene| eeerore rep el the| giffuser shape, then drill the

hoie by EDM, LASER drilling or Electron Beam drilling. These
steps may be performed in the reverse order.

With refcrcence to FIG. 4, there is illustrated a
cross-section of the finished diffuser 41 in a part 43. Since
this is a single diffuser hole 41, the vertical angle 15 between
the hole centerline 45 and the part surface 47 is roughly
equivalent to the meter angle 3 of the electrode comb 111. It
should be noted that the cffset distance 16 between the upper
hole edge and the upper diffuser in the part 43 is equal to the
nominal offset 13 plus or minus the sum of the position
tolerance of the diffuser 41 relative to the meter hole 49, and
the tolerance of the hole radius 41.

If the offset distance 16 from the edge of the diffuser
section of the hole (side parallel to the hole centerline} to
the edge of the hole 49 can be controlled directly in the two
step processgs, the offset 13 on the diffuser can be reduced to
the nominal hole radius plus the location teclerance between the
two features (meter hole and diffuser}.

The present invention therefore teaches a method te produce
a combination metering hole and diffusing hole in a turbine
airfoil using a two step process so as to maintain a smooth

transition between the two portions of the hole. Due to



shoul d be noted that the offset distance 16 between the upper hol e edge
and the upper diffuser in the part 43 is equal to the nom nal offset 13
plus or mnus the sumof the position tolerance of the diffuser 41
relative to the neter hole 49, and the tolerance of the hole radius 41.
If the offset distance 16 fromthe edge of the diffuser section of the
hole (side parallel to the hole centerline) to the edge of the hole 49
can be control ed.dire%fl%ain the two Stﬁf grcgéess, the offset 13 on the
di f f uselERA2EEF S0 B FPRGHe “AERRF ShOF RS raligRS il & RBYI Beat i on

tol eranegrbetweeotrifer Fawuleativr es st BBt fhe RO £1 AN Yahiawegr) . tdhe present
invention therefore teaches a nmethod to produce a conbination netering
hol e an®T&VERLsFRYS hot ¥ tigrprRgioni #60i ¢ addesy aTowpretepeptlstess so
as to nglRtahn ans ; ansifi.an n .pQrtEONS .0 ol e.
Duc 1o T RAonl ok ur b 1l anca y Rar e oo o (BB B 0 e P Eed

of f set . 16f hiddedr egutite EIM awtemseldete produeepdratds fubdngphevent ¢ohis, a
transitia%n region 46 is added. To groduce tthr:l%s region,. an additional

angl ed port P8RS ofPabpriodd marel ¥ ordYaggrats &FE5 EREPERM comb used

to producésthe (thifksnhad) het en Gmouabyegude vhenr tha rstap &axl deveeur,
t he el e%%égd .conb is offset (thickened) by an anpbunt equal to one-half

: y g C
the max eP13RGFRT P hkRtele Mals PPRETHER ROSSHASH t ofEFaheadingesdgmdi ng

edge Obft Bhsexktfa MdQIHAl1 1is FOLABE iAtO 2 RAIHH Wichh a@naageLespn that
si de of aDEVOXI mately 10 degrees. This creates a nornmal diffusing hole
with a $ReFt sifancst tiRpreeirredivndy fegress 46 THie weeateReammeerahg hol e

and t he oJirk{4ShYInd0d Bei ke dirfhuStbgns208LE |8 SRkl ?nﬁgg*ﬂoh%éhe
transition region that flow separation does not occur; t 1sto be
under G §68vehRt thhenerrming dielies andt the ndi ethaing fhelel. | uFheadi bhssing

describ%ﬂgﬁgdiéhgmgﬁi“%ﬁgdbh\My ¢Re2L 82 H860RS, region that flow

separation doeg not occur.
It ig tc be understcced that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.



to be nerely illustrative of the best nodes of carrying out the

i nvention, and which are susceptible of nodification of form size,
arrangenment of parts and details of operation. The invention rather is
intended to enconpass all such nodifications which are within its spirit
and scope as defined by the clains. 8 WHAT IS CLAIMED IS: 1. A nethod for
form ng non-separating diffusers in a part conprising the steps of:

fabricat] metering hole in a part; providing at |east one
el ectroggﬂgo% éé@?r%ﬁﬁmgl tf a tooth said tooth conprising a nose conprised
of a plurality of diffuser surfaces intersecting at a point on a tooth

centerline, and at | east one of said plurality of diffuser surfaces
truncat éd byPafCtlreSeton ioiRg pent epPeyRt inthdlifimsiesst inga apateast one

di ffusegomgl_,gsy\h hesidle speg egt.rode conb in said part so that said at |east
one diffuser e Intersects said at |east one netering hole at a

transition regi onfaIZrlf:'Hte-ngelahodlee‘atcblaé el e gy éioriesahdafp@rt cating said
at | east one neteri ng. .ne hol €,C9 ses Utiel i zi n of  fabrication

sel ected from t hé®group Cofsi sti ﬁ oF° ef trro cé)grﬁ’alcagpﬁéﬁh?%i?lg (EDM),

LASER dri || i agotlansh gt actaron cheam s dnd | 4 i mgse ?com"ﬂias@at Beda 0b 1€+ 18y,
wher ei n fabriga{%jlig%sald at least _one netering hole is performed prior to
fabricating Shi SGT AN IGRESIL PFEERFCHTIE 2t 2 PRA™MePROA BFOai m 1,

wher ei n pr oviéh i Said, @r@ctan;odeasgoa@ecmmalsp%m&%lgwpogfdpmyg&t ng an
el ectrode conb wherein at |east one of said plurality of diffuser

surfaces is %‘F’F%@%esftr%qaﬁ@dpé’bfbaeeﬂf%?% rfé’cm/ téledﬁﬁléﬁébl%%l_ffal?ﬁ_i ent to
elimnate a stepeUMeANR Skdeebe Sahd JRIAIIAInRILE,2PE S diffuser

electrode comb in said part so that said at least one
diffuser hole intersects said at least one metering hole at

a transition region.

2. The method of claim 1, wherein said fabricating said at
least one metering hole comprises utilizing a method of
fabrication selected from the group consisting of electro
discharge machining (EDM), LASER drilling, and electron beam
drilling.

3. The method of claim 1, wherein fabricating said at least
one metering heole is performed prior to fabricating said at

least one diffuser hole.

4, The method of claim 1, wherein providing said electrode
comb comprises the step of providing an electrode comb wherein
at least one of said plurality of diffuser surfaces is offset
from the comb centerline by a distance sufficient to eliminate a
step between a side of said metering hole and said diffuser

hole.



hole. 9 5. The nmethod of claim4, wherein fabricating said at | east one
di ffuser hole conprises the step of: inserting said electrode conb into
said part such that said at |east one diffuser hole intersects said at
| east one netering hole to format |east one transition region. 5. The
met hod of claim 1, wherein fabricating one netering hole diffuser is
performed prior to fabricating said at |least one netering hole. 7. The
nmet hod qQf cl rein fabrlcat sal | east one ring hole
conpri sg’s thghst@pt%ﬁ?g fabcf]lacléﬁl g 2’8?81& lé]é’s‘fato’ﬁ@ FECLEYr Fﬁgfﬁ‘?ﬁg such
that saicthe @tiffaast edPe ingirdingshehe kpegrsects with said at |east one
di ffuser hole to format |east one transition region. 8 The nethod of
claim1, wherein $BPEFBRA t50khie1&R§rede pepth ot sich partsahahathiteast

one diffuser ;gORPLE SES AN &{wldqffﬂgter%me{né%&?s 2iaThe Iifgé@ d of

claim1l1, wherein said additional angle porti each of sa | east
one dlffuser00@n@ﬁt%€$ﬂ§uﬁQﬁﬁﬂU@ fofrmappr bgdsmtaly tihinsli®ichheegidhod of
claim1l1, wherein fabricating at |east one netering hole in a part
conprises fabricating said at |east one netering hole in a turbine
conponemt.. 1TheAneehedtsde acanh ,f ehepeoni thing chitfifidsiong hekesisgnpri si ng:

at Ieas naose extending to oint alo a centerline, said nose
conpri si 3 ggHF?Fo%EuP e%ngﬁPBntEag FRHND S Ag2E £8aFSi ti on

region. oh@ metering hole.

7. The method of claim 6, wherein fabricating said at least
one metering hole comprises the step of:
fabricating said at least one metering hole such that said

at least one metering hole intersects with said at least one

8. The method of claim 1, wherein said additional angle
portion of each of said at least one diffuser comprises an angle

not greater than 12°.

9. The method of claim 1, wherein said additional angle
portion of each of said at least one diffuser comprises an angle

of approximately 10°,

10. The method of claim 1, wherein fabricating at least one
metering hcole in a part comprises fabricating said at least one

metering hole in a turbine component.

11. An electrode comb for providing diffusing holes comprising:
at least one nose extending to a point along a
centerline, said nose comprising an additicnal angle

portion capable of forming a transition region.





