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COMBI NED PERCUSSI ON AND TREPAN LASER DRI LLI Nﬂl\ml\wm“mmm | on rej g'ﬁt 802t he
| aser drilling of holes in conmponents, nore it rel &t c?

| aser drilling relatively |arge and deep hol es i msswperal | oy conponents
arid in particular gas turbine conponents, such as turbine blades and
vanes. Laser drilling of holes, such as cooling holes, into gas turbine

conmponent s suchwas?986¢2bi ne bl ades and vanes has been known f dICT4i5A8423864re.

Laser materials processing i gvgl ﬁ aser beamonto
t he surface of a work piece. t%f{%‘ﬁ&ﬁ Q%B&B ‘%’F’l %@'%Af bed, the anount
dependi ng upon the nateri al type and surface condition. The hi gh intensity

(on the order of 10' watts, per cng)éeéproduced by absorption of high power
(eg. 250 watts) and foc'[l@?‘ﬁlje“f‘?fé fR the laserglling ef tples recampenents, aiese er

results in heating arﬂ&llirlyﬁ'ﬂelaé?%lxép@r'illu?g%thIyQIr Eﬁ}ﬁd‘iypf fn(ﬁ%qﬂ g@l}egahggél i nch)

Laser drilling is nDst noted for ability to prod ce snha

di amet er hol es, hoFempageathang; lgnar(mlq@aqmybmgp@mne(at@l@p@wsttwbmpahécsem)i

rati os, and hoI es %ﬁhal low ( 10) angles fromthe surface, all in the

t oughest aerospace alloys. There are two types of |aser drilling processes:

percussion drilling andlLdsereisidlingiofibplesPeucis assbling Hokes dtito gas fukbinkgeoimponenps cal |y
used for production ﬁrl | 1,i. n of caool i n% n’ﬁg Eﬂ i n bl ades, and nozzl e gui de
vanes. The process®S i YBES es 958 RO orsRme SimendipisT pigtesals ¢

penetrate the thi ClsmesSmg)fnvme fmtslegmbh pWérhhs&Qfe&H%ﬁtbQﬁb ficfatd dfrag:vorkhe hol e
di aneter is established by the pbeam di aneter and power |evel. Trepannl ng
| aser drilling invBesfed BIHPDHRAICRARMITAPSATA, ﬂma@our}ttdenqqg}lgg vean theaiggak he

beam al ong a circulyge ammmo%@&wq%axghmt&mWhnﬁoede%afm@hsg&%ﬂz?r than
that produced by a’stationary focused beéam (i.e. as in percussion

drilling). A high pioduesdbeabsamtion of highaomier (ea25gauatts) a@déocpﬁngn baanmtpzz| e
dent with th
Che Taser ol t ed nooof BUGURTRE B il i RENADE R SELBRRAEC " TPV

th trepanning, “ed only
by the notion syst enfate matefial. The percussion drilling and trepanning

processes are limted en jt.cones t illing r atlv

at |east 0.030 i nches)vgaﬁﬁ d&’g’é‘ﬁ ‘S('gqsbpﬁﬁéj{oé?bﬂf%g’ ro %:c%m? L‘Eﬁe@f)g‘ﬁﬁ‘%@s
especi ?: ly w tT E I egiametet ibled] hdldsiwith rml(slao t)hswg(aeﬁlra] toadldﬁaér) fatiohan@Holes
superal | oys. e per sS1 Qn ne ed, Int t t he maxi mum aspect
12 SuL ~ WD 99f 362848 é&wﬁﬁés&%g’m@sm %e»fﬂﬂ&t the.tg %aépﬁ@ef?%w drilled
due to slag buildup bl opfeid\fe tEtyp&loRlaket dAMRE prodddsed: petdubsididrMingiandet er s of

about 0.030 inches. Further, when | arge and deep holes are percussion
drilled the hol es frenapgine. JPescusterblases dr reslbammcalbe&sedjfor productigpgrilliag okt t he

bottom Trepanni ng Qiiink fl16kin BAGes 468 RoDR ghide Uahe@! Bk prddelslifitiveY § staffordaRiAt

beam and one or more pulses to penetrate the thickness of the material. With

percussion drilling, the hole diameter is established by the beam diameter and
power level.

Trepanning laser drilling involves contour cutting the hole. It involves
moving the beam along a circular path to produce a hole having a diameter greater
than that produced by a stationary focused beam (i.e. as in percussion drilling). A
high pressure inert or oxidizing gas flows though a nozzle coincident with the laser
beam providing mechanical energy needed to remove the laser melted metal. With
trepanning, the hole diameter is limited only by the motion system travel.

The percussion drilling and trepanning processes are limited when it comes
to drilling relatively large (e.g. of at least 0.030 inches) and deep (e.g. of at least
0.30 inches) holes, especially with regard to drilling holes through Ni and/or Co

based superalloys. The percussion method is limited in that the maximum aspect
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efore the hol e becomes too deep slag tends to accunulate in the hol e.ﬁgd
he |'aser energy becones absorbed by the substrate interfering '\Iltw\‘f urther

o) —+ <

irilling. Thus it is an object of the present invention to provide a
process for laser drilling | arge and deep hol es through superall oy
onponents Briefly, a process is provided for laser drilling a hole through

Q) O

redet erm ned di'a ef of at |east about 0.030 inches and a d
liameter ratio of at |east about 10:1, conprising percussion |aser drilling
1 central hole through the superalloy to a dianeter |ess that the

redeterm ned di angitidE that $3a e effepiody tilikd|das & slagbullduptibcRing letoftiOhHde t he
entral hole to expand .the djaneter_ of the hole to the Eredeterm’ ned

i ameter. These stdpd vdihdoleciametesiotALonpldndtes iFwghernwhenderge and deep ng
rocess to conpl et §ofedifre hENSEbA BRI thSndIRithrRieBafdUb8ervddas B tafkdked liieN9 1S
enerally carried out with a pulsed YAG | aser using a CNC (conputer
umerical control ) smatleeatthesteqttomy pirepannipg of laiga dedsdagp belasis also mpiBectixé imahas| y
004 1o 0.008 | nCRedrethefBid Becombd o aBerREARS RS Ma(0n APRYE akifle Wk S
\n optical systemis provided which includes a |lens tor K ocus| ng he T aser
eam ont 0 t he sur f asegytiecomhes absarperdrbyrthe substtate interfedingdvithifertip dpliingnt is a Ni

nalor, < pased super 2L ko TUPLE oPAR A BYanER MG SRR b 750

onponents, e.g. t JfillhgRrdelandidepaods vanes sumrdloy bemfrakes are general ly
rilled for film cooling purposes. Tge predeterm ned dianmeter being drilled
s at |east about 0.030 inches with @mﬂﬁ‘ﬁ@ter rati o of at |east
bout 10: I, preferabl ygadiQus pBcQsistpPoRdelQor IReHERLiH AR Bfould § RicRejdept h to
iameter ratio of about g%@f op30: 1! F{gaener ally t_heldepth ofou%e .ﬁ‘c?ﬁe IS
ithin the range ofndigrngbalipbaged syperalipyjcompangnt, said holg having axseztepingd)| 36221
'CT/ US98/ 23364 3 T j Rb&t old38 iRhACRSS dhtl - ' drilling
central hole thrgﬁ"é’%{eg eatﬁetﬁger%{tl oy to a dlﬁ.a.msé}e(})c1 ?ﬁggggﬁ%tg&néﬁgegﬁesi red
pr edet er mi ned) di abmt ¢0:1, chmprisingpereyssihp lagerfdging a cénpralfwiecthospiothedri | | i ng

as a dianeter up to ahout O.. i ferably.0.01 to 0.02.inches. An
i ght inch focal | é‘H’ﬁf“ﬂW {é)nasdxg-ﬁegerg%% E}ga 28‘ eg%?le(?'o'é' rc jisdgq’%eQﬁrﬁ%?q ﬁrﬁﬁ%ﬁ%eént r al
ol e. Typically dumdtligg prsle arvsndthe asmal hale iol ekpang te dismelerlofifiRholeub #irs/ second
re used. This central hql e di anet facilitates the r val of slag and

|| ows the subsequ® e‘F?’é’ﬁFﬁrﬂ‘ﬁ"ﬁ&'t g{‘ffésfff’?ﬂﬁﬁpﬁaéf asd‘&?‘f’ggﬁmtﬁfg’?h%?ter t he
ercussion drilli ngﬁmﬁéap,@&lgg&gc { thel Forafiditoflainfférhi ok out to expand the
entral hole to the predeterm ned dianeter Trepanning involves | aser
rilling a series of small circles w tRetaled Desaigtion o | owi ng a circular path
0 produce a hole w th {{g FHIREES Sdnelall@Caréd?diR WRh 2 phis&d ¥AGMEr dshigalcvénat h
ens can be used during trepanning to produce the trepanning circles.

uri ng trepanni ng sopipster hymergaliconttd).| Ebﬂslasepwplsdb’/m@@mfmte ofised. The

el ative notion of _{he. I %gﬂ : I by
oving the | aser béé%gxal}r?%; @ro'({bﬁggygﬁ%gn%geﬁt y%ﬁe%{&hggg\%é%%g%gg’&%ﬂ@%%% t he
rt. During trepanmwattg Af omicalsystamdkegrosidédoshichingudesnileng fosifddnsidg thelldserg t hen
he percussion drilling step i.s repeated fol d, b he trepanni st ep.
hese two operati oh%&'&" F*}?ﬂﬁg"fc&??ﬁ‘ﬁtcf’f“p?'ﬁgé 'B?D\é\ﬁgll“éi\r/r#hﬁéﬂfn%‘é‘ ‘ﬁ?&get er is
achi eved uni f or nly shdisQCbhséd@pérdildy. dBpichl sapergllopeinathdeMar®s6y,IR1738Dur i ng
the | aser drllllng&ocess the rear of the hole is kept clear to allow for

lag to exit the c&MY¥%r MoV UarP ayl Krilpdhnromponenecants saupringr materi al
eg. resin) is use@omﬁtgo dtSin€KlallesQhd Vlas, R4 fhe hgigagﬁggér}er%u?a{iﬁég%w ve

S
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barrier may be desir _ revent any erosion o e wal |-

conponent opposi t e fincadiieg pyrpesesf Thepred¢rs¢ramineddigmeterbeaing dsillediis at least abauér i al
(

t

t

» ni ckel and/ or w\poﬁ@?htzl based superal | oy conponent, said hole E%&S?%ﬁ“

o
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eg. resin) may be d on t.he I i |t of
he hole to prot ecto‘Lb?ﬁfns?Q?ﬁ%&aacag%{on? Laéﬁegegnr%@@%{]g%?bcEplszi’irbgef%r%gygﬁgu of
he | aser beam fr omoes 090 irechés dientktarwitheadegthcto diameter ratio of about 20 to 30:1.

Generally the depth of the hole is within the range of about 0.4 to 1.5 inches.




A MB4 Convergent Energy CNC pul sed YAG | aser machi ne was used to produce f
0.045 inch dianeter hole through a 0.9 inch thick wall of a industyijgL 20
turbi ne vane conponent conprised of a MAR Mb09 superall oy 12 2002 WO
991 36221 PCT/ US98/ 23364 4 Using an eight inch focal length lens a 0.015 to
0.020 inch dianeter central hole was percussion drilled through the

conponent usi Ngwd dod&ef pul se rate of 6 pul ses/second. Using pcBigeshReN
focal length lens trepanning laser drilling was carried out with a series

of circles drilled about each central hole using 'a | aser pulse rate of 12
pul ses/ second creating a 0.045 inch dianeter hole. As slag built up in the
hol e during trepanni ng Brediritistag of e prasassiipolveppascussien drillingisenwal hdlei | | i ng

wer e ropeat ed unti Fopyes G SR e 18lelf e WE b RN oy oroh The”

0.9 inch depth. Thdianelee Wascanfralcholerfordmed ity geransive drilling has ardianersaup taper . 1
2 JUL zooz ~~I S 9~~?3308~,  ~~a~| ~~ '~ ~ ~ lyr 1999 5 \Wiat | | ai ned: 1. A
process of |aser dP‘?ﬂ“?S-Réo 'é'cﬁeé’l reeferably O QR tﬁp'&&c?"scéﬂaﬂ@t igeh E‘?F%I@S‘h ks

cobal t based super adn by usainpereasdion delliflg thelcentfabhol¢) OTypicallyedisg bérciisidn di amet er
of at |east about gﬁOSQ i ncheg a hole depth of at |east about 0.4 inches
and a dept h/ di anet erdgifling 4 4o %ﬁ“’lp&igs(se%’ﬂ&feW-l?m%ﬁﬁﬁ?li@!eﬁ&meﬁércussi on
laser drilling a cegfitafds ditreSoldd oL@ hnl REowsARPBEAberk Rephntth@iPdeer | ess than

the predeterm ned di aneter; then
effectively carried out.

After the percussion drilling trepanning laser drilling is carried out to
expand the central hole to the predetermined diameter Trepanning involves laser
drilling a series of small circles with the laser following a circular path to produce a
hole with the predetermined diameter. A six inch focal length lens can be used
during trepanning to produce the trepanning circles. During trepanning typically
10 to 15 laser pulses/second are used. The relative motion of the laser beam to the
component can be carried out by moving the laser beam and/or the component by
methods as are common in the art. During trepanning if slag is deposited
interfering with drilling then the percussion drilling step is repeated followed by the
trepanning step. These two operations are repeated until the predetermined hole
diameter is achieved uniformly through the full depth of superalloy material.

During the laser drilling process the rear of the hole is kept clear to allow
for slag to exit the central hole during trepanning. Thus no barrier material (eg.
resin) is used abutting the exit of the hole. However, a protective barrier may be
desirable to prevent any erosion of the wall of the component opposite to the exit
of the hole. A protective barrier material (eg. resin) may be used on the wall of the
component opposing the exit of the hole to protect this surface of the component
which is in the path of the laser beam from being machined or damaged.

Example

A M34 Convergent Energy CNC pulsed YAG laser machine was used to

produce a 0.045 inch diameter hole through a 0.9 inch thick wall of a industrial

turbine vane component comprised of a MAR M509 superalloy



.y trepanning laser drillingTaround the central hole to expand the dianeter
of said hole to the predeterm ned dianeter, and thep repeating the above
percussion laser drilling and trepanning laser drilling steps to MPE 288 d
hole. 2. Process of Claim1 wherein the central hole has a dianeter of up
to about 0.020 inches. 3. Process of Caim2 wherein said hole has a
dept h/ di anet er 1 about 20 to 30:1. 4. Process of dai £kh the
pr edet er mi ned d?\?ndgtgg?ii s about 0.30 to 0.10 inches. 5. Pr ocre‘;%/%%gglésg{m 3
wherein the depth of the hole is about 0.4 t4 1.5 inches. 6. Process of
Claim1 wherein no barrier material is used abutting a rear exit of the
hole. 7. Process of O aiUsingankightdioh facablengtiplens a/@0 15 0020 inch tamert cdnsralised

on a wall of the c ks r exit of the hole. 8. Process
of Cl aim 6 wherei n%%%ggpﬁgsﬁ%ﬁt% Hlibg tf(‘)‘lflgg{ ‘gggm‘t’&?f‘f}l‘ Hﬂ"gc"oﬁfféﬂ'élfﬂ'.ateg?f%r ocess
of O aim 7 wherei n pskesdsetmnide Using a sixdrehiforg! HaggtielensittepRiningdaser difllingl vdsm 1
wherein the precussiaon,laser dri.lling. angd.the trepanni | aser drilling are
carried out using ?’E’Sﬁﬂﬁ&‘%’fh%ﬁﬂﬁsﬁffg‘flesc‘gﬁq# !““'D“E“’g leysing a fager pulse—
1 e~ ~r, 19~ 11. Prmees 5 fiisekabm &&ﬁh@&b@ﬂiﬂblﬁ"@iaﬁmi;ﬁr&lagrlahﬁthjprm s
carried out at 4 to 8 pul ses/second and the trepanning is carried out at 10
to 15 pul ses/ secondhe h %:dqn_ng\pemmblack_xqg the central hole the'percussion drilling was

repeated to clear the central hole followed by trepanning. *These steps were
repeated until the 0.045 inch diameter hole was achieved through the 0.9 inch

depth. The hole was of a uniform diameter, with minimal taper.
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&'N O "iAl 1h1$$%-xr | gal Ul gb] XUl calU] cal] ca] cal] cal] caU] cal] caU] cal] ca]
ca]c$a]caUU]caU]caU]caU]caU]ca]ca]c&a]ca]cgiﬂca]caLﬂcaLﬂcaLﬂca]caLﬂca]ca]VV
Z,110%& ()-mcF 18%& §&-& @ imedWNVE ()-F 10%& ()- & 10%*& ()- &10%
& ()-#1Ez[9'-10%&' ()-Y_ -109%& ()-Y an
I s$YL09MVHVE () - s$Y1008: BY 9‘??%%?. dageydrjililipgga (holecERFpRERickel,
F109&' () - $f 10%&' ( robaltOof f)ckHll @@’ ¢9baltl baBed (Bupk@a®10Y - component
U(aBbCl &&10%& () - LAYE hod1d Mﬁg&h(&re&&’@émﬁkéﬂ@%ﬁe&rlgﬁ’ﬁé )rdafsdE /10
10" 10% () - %4 10W&Iag%ﬁglg%é)fnclheg? Ia(l)tc;lleooc/l%lpgx_of at least about 0.4
inches and a depth/diameter ratio of at least about
10:1, comprising:
percussion laser drilling a central hole through
the component to a diameter less than the predetermined
diameter; then
o trepanning laser drilling around the central hole
to expand the diameter of said hole to the
predetermined diameter, and then repeating the above
percussion laser drilling and trepanning laser drilling
steps to drill said hole.
2. Process of Claim 1 wherein the central hole has a
diameter of up to about 0.020 inches.
3. Process of Claim 2 wherein said hole has a
depth/diameter ratio of about 20 to 30:1.
4. Process of Claim 3 wherein the predetermined
diameter is about 0.30 to 0.10 inches.
5. Process of Claim 3 wherein the depth of the hole
is about 0.4 to 1.5 inches,
6. Process of Claim 1 wherein no barrier material is
used abutting a rear exit of the hole,
7. Process of Claim 6 wherein a protective barrier
material is used on a wall of the component opposing
the rear exit of the hole.
8. Process of Claim 6 wherein the component is of a
gas turbine component.
9. Process of Claim 7 wherein said hole is a cooling
hole.
10 Process of Claim 1 wherein the precussion laser
drilling and the trepanning laser drilling are carried

out using a computer numerical control.
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