- 1 - Material renmoval nethod Field of the Invention 5The present
invention relates to a material renoval nethod. Particularly, though
not exclusively, the present invention relates to a material renoval
nmet hod for repairing a conponent of a gas turbine engine. Background
to the Invention 10 Referring to Fig. 1, a gas turbine engine is
generally indicated at 10 and conprises, in axial flow series, an air
intake 11, a propulsive fan 12, an internedi ate pressure conpressor
13, a high pressure conpressor 14, a conbustor 15, a turbine
arrangenment conprising a high pressure turbine 16, an internediate
pressure turbine 17 and a | ow 15pressurdturbine 18, and an exhaust
nozzl e 19. The gas turbine engine 10 operates in a conventi onal
manner so that air entering the intake 11 is accelerated by the fan

12 which produce two air flows: a fjrst air flowinto the

i nternedi ate pressure conpressoM§¥§@Lﬁ§m@@5§¥§hagair f1 ow whi ch

provi des 20propul sive thrust. The internedi ate pressure conpressor 13
conpresses t jr flow directed into it before delivering that air
to the higﬁ@gﬁggéﬁkﬁgg%ﬁbressor 14 where further conpression takes

pl ace. The conpressed air exhausted fromthe high pressure conpressor
14 is directed inta 25the conbystor 15 where it | 1 xe ith fuel
and e S0 PESEBIDRVER SRR S B SRR ToTRE! TS PRUR B dat Pohen
expand t hr exgiisived) thd preseiyinvédhtistereldteetod @lteriaveffovBidhathed stdepaiing a
pressure turbines lp 17 q?d 18 .before being exhausted through the
nozzl e 19 CYNRYENE le? GRRAUTBHENI B opul si ve thrust. The hi gh,

internedi ate and | ow pressure turbines 16, 17 and 18 respectively
drive the Bi h _and .i tte nedi ate pressure 30conpressors 14 and 13 and
the fan 12 n nnecting shafts 26, 28, 30.

10

Referring to Fig. 1, a gas turbine engine is generally indicated at 10 and comprises, in
axial flow series, an air intake 11, a propulsive fan 12, an intermediate pressure
compressor 13, a high pressure compressor 14, a combustor 15, a turbine arrangement
comprising a high pressure turbine 16, an intermediate pressure turbine 17 and a low

15 pressure turbine 18, and an exhaust nozzle 19.

The gas turbine engine 10 operates in a conventional manner so that air entering the
intake 11 is accelerated by the fan 12 which produce two air flows: a first air flow into
the intermediate pressure compressor 13 and a second air flow which provides

20 propulsive thrust. The intermediate pressure compressor 13 compresses the air flow
directed into it before delivering that air to the high pressure compressor 14 where

further compression takes place.

The compressed air exhausted from the high pressure compressor 14 is directed into
25 the combustor 15 where it is mixed with fuel and the mixture combusted. The resultant
hot combustion products then expand through, and thereby drive, the high, intermediate
and low pressure turbines 16, 17 and 18 before being exhausted through the nozzle 19
to provide additional propulsive thrust. The high, intermediate and low pressure
turbines 16, 17 and 18 respectively drive the high and intermediate pressure
30 compressors 14 and 13 and the fan 12 by suitable interconnecting shafts 26, 28, 30.



- 2 - @Gas turbines, and particularly aircraft gas turbines, are
relatively high capital cost assets having relatively high value to
the custoner. Consequently, it is desirable to nmaintain such gas
turbines in situ, such as in a power plant or on the wi ng of an
aircraft, mnthout having to di sassenbl e naj or assenblies of the gas

t ur bi ne engine. Such 5mai ntenance activities may include renoval of a
damaged area of a conponent such as conpressor and stator bl ades of
the conpressors 13, 14. One nethod for renoving damaged areas while
the engine is installed is to nmount a | aser ablation tool to a
flexible or rigid shaft which is inserté&€t into an engi ne or through a
suitabl e inspection port. The |l aser ablation tool is then used to

abl ate a surface of the conponent to be 10repaired to remove an area

of the co Such | within the art as
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access to the%g‘_[eﬁfepg pbservation point, which nay create severe

difficulti8% Brd to jaming of the tool. One conponent which
has been found to be particularly difficult to access usi ng

conventi on enents is.the 6th sta f th
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radiation at a target such as a metal, such that the metal undergoes a phase change
15 from solid directly to gas without undergoing an intermediate liquid phase (i.e. ablation).
One methed is to use a pulsed laser. US patent US 20120121382 describes one known

methed of carrying out pulsed laser ablation bore blending.

Unfortunately use of scopes has limitations in terms of their action. It will be

20 understood that steering the distal end to which the laser ablation tool is mounted
requires manipulation of the shaft. It is difficult to steer a shaft with an overall length of
action which is greater than approximately five meters.

In particular, there are a limited number of access points into an engine and in such

25 circumstances it is quite common to require an abrupt change in direction of the scope
in order 1o gain access to the desired observation point, which may create severe
difficulties with regard to jamming of the fool. One component which has been found to
be particularly difficult to access using conventional arrangements is the 6™ stage of the
high pressure compressor 14 (HPG). This is particularly problematic, as the HP8

30 compressor has been found to be subject to damage in use at a relatively high rate.



30conpressor has been found to be subject to danage in use at a
relatively high rate. - 3 - Due to the difficulty of access for bore
bl endi ng, the conponent may not be accessible at a preferred angle
for conducting | aser ablation. For exanple, access may only be

avai lable froma face of a conpressor blade or stator (i.e. a surface
extendi ng between the |l eading and trailing edges of the blade or
stator), rather than from other angles as 5m ght be desired.
Furthernore, it is necessary to prevent pieces fromthe damaged
conmponent from being detached and falling into the engine, where it

m ght cause damage, known as "donestic‘@bject damage" (DOD). A
further problem associated with bore blending using | aser ablation is
the creation of 10"secondary damage" due to residual effects such as

he f t . ffected HAZ th by th,
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have insufficient strength subsequent to the repair. Furthermore, the high temperatures
to which the metal within the HAZ is subjected may cause chemical changes to the
metal, such as oxidation, which may be undesirable. Any repair performed by
conventional laser ablation techniques may therefore be of reduced quality compared to

20 the original component. Alternatively, the laser ablation may have to be carried out at a
relatively low “fluence” i.e. radiative flux of the beam integrated over time, resulting in a

relatively long process time for ablating a given volume of material.

The present specification describes a repair method which seeks to overcome some or

25 all of the above problems.

Summary of the Invention

According to a first aspect of the present invention, there is provided a material removal
30 method comprising:
in a first step, directing an energy beam toward a component to ablate a first region of

material to form a gap extending through the component between a repair region and a



- 4 - base region of the conponent, wherein subsequent to the first
step, the repair region and base region are joined by a connecting
portion; and in a second step directing an energy beamtoward the
conponent to ablate the repair region to renove the repair region
fromthe conponent. 5 Advantageously, the gap created by the first
step prevents the heat fromthe subsequent ablation of the repair
region in the second step fromaffecting the base region, thereby
preventing or substantially reducing the formati on of a heat affected
zone in the base region of the conponent. Meanwhile, the presence of
a connecting 10portion between the base4and repair regions prevents
material fromthe repair region separating fromthe base region,

whi ch nmay ot herwi se | ead to donmestic object danage. Consequently, the

| aser abl ation can carried out usin araneters. chosep to maxim se
enor gy depBaTR oM AL i EorIRAE Wheti b BAaTE 6y Er e Me Pt FegHr
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have & width of between 0.5 and 0.1 nm In one 20exanpl e, the gap may
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) 15
The gap has a sufficient width to provide a heat barrier between the repair region and
the base region during the second step such that substantially no heat affected zone is
formed in the base region by the ablation of the repair region. The gap may have a
width of less than 1 mm, and may have a width of between 0.5 and 0.1 mm. In one

20 example, the gap may have a width of substantially 0.5 mm.

The connecting portion may have a width sufficient to provide a structural connection
between the base region and the repair region such that substantially no material from
the repair region is dislodged during the second step. The connecting portiocn may have

25 a width of less than 1 mm, and may have a width of between 0.5 and 0.1 mm. In one
example, the connecting portion may have a width of substantially 0.5 mm.

The first step may be carried out using first beam parameters, and the second step may
be carried out using second beam parameters. The beam parameters may be

30 configured such that substantially no heat affected zone is formed in the first region.
The beam parameters may be configured such that the resultant heating of the first

region is less than the resultant heating of the repair region. Advantageously, the beam



paraneters ensure that no HAZ is fornmed in the first region, while
all owi ng nore heating of the repair region, which results in faster
abl ation of the repair region. The beam paraneters may conpri se any
of incident energy density, beam fluence, 5beam power, scan speed,
pul se repetition frequency, electromagnetic beam wavel ength and

i nci dent beam di aneter. The beam fluence of the first beam may be

| ower than the beam fluence of the second beam The first beam
paranmeters may conprise, relative to the second beam paraneters, one
or nore of a relatively low power, a relatively fast scan speed, a
relatively high pulse repetition freque®fcy, and a 1Orel atively |arge
beam di aneter, and the second beam paraneters nay conprise, relative
to the first beam paraneters, one or nore of a relatively high power

a relatively slow scan speed, relatively | ow pul se repetition
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of the first and repalir regions. 15 The method nmay further conprise a
third step carried out subsequent to the second step, the third step
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engi ne conPAHEnt relAhEast 58N SBEFS: édeBiYeBRIPH!SE eRRlitiey "Sﬂ‘r‘?é‘célrﬁldr?e.
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provided a gas turbine 30engi ne conponent repaired. the repair
met hod of FHRINRID LE USHER RRrPRE. RUBAT MEFE of 2 ratvel gl RAWED 4 siagively
third aspesibwaka bpedd)desii@ly bivgiutsd epatitioviidgdertygand & wWiives @i ne
compr i s1ng, 8, COIPONE 2SS0 O &onslSea8 NS maRPeE & afiied to provide
the required heating of the first and repair regions.
15
The method may further comprise a third step carried out subsequent to the second
step, the third step comprising ablating an edge of the base region subsequent to
removing the repair region. The third step may further comprise removing the
connection portion. Advantageously, the method can be used to create a required final
20 finish on the edge of the third area, since the initial ablation to form the gap may

otherwise leave stress raising features in the repaired area.

The energy beam may comprise an electromagnetic energy beam, and may be
provided by a laser such as a pulsed laser,

25
The method may comprise a repair of a gas turbine engine component, and may be

carried out within a gas turbine engine.

According to a second aspect of the present invention there is provided a gas turbine

30 engine component repaired by the repair method of the first aspect of the invention.



Brief Description of the Drawings Figure 1 is a schematic
illustration of a gas turbine engine; Figure 2 is a schematic cross
sectional side view through part of the gas turbine engine of Figure
1 Figure 3a is a schematic cross sectional side view a gas turbine
engi ne conmponent of the gas turbine engine of Figure 1; Fi gure
3b is a schematic cross sectional viewthrough the conponent of
Figure 3a 15along the line A-A;, Figure 4a is a schematic cross
sectional side view of part of the conponent of Figure 1 after a
first repair step has been perforned; 20Figure 4b is a schematic
cross sectional side view of the part of+the conponent of Figure 2
after a second repair step has been perforned; and Figure 4c is a
schematic cross sectional side view of the part of the conponent of
Figure 2 after a third repair .step has heen perforned. 25 Detai] ed
Descri pt i oRCHERL 2 I Ape Qe Purendandl Hevided Adise Agbinegngioeal
fl ow seri esomprisivg & compaient hicoraing e Pi¢l seyd dpcilet th@mvemtiodr medi at e
pressure conpressor 13, a high pressure 30conpressor 14, a comnbustor
15, a turbine arrangenent conprising a high pressure turbine 16, an
i nt er nedi apdefiDessipiich dfuhdDRevidgs and a | ow pressure turbine 18, and
an exhaust nozzle 19. - 7 - In service, it is often necessary to
inspecq i nternal conponents of the gas turbine engine 10. |If a defect
i's found, Figureyisad seheheatid dlsstratunefagacandinetengeai rs of the internal
conmponents wi thout first disassenbling the engine 10. Such repair
operations are

Figure 2 is a schematic cross sectional side view through part of the gas turbine engine

of Figure 1
10
Figure 3a is a schematic cross sectional side view a gas turbine engine component of

the gas turbine engine of Figure 1;

Figure 3b is a schematic cross sectional view through the component of Figure 3a
15 along the line A-A;

Figure 4a is a schematic cross sectional side view of part of the component of Figure 1

after a first repair step has been performed;

20 Figure 4b is a schematic cross sectional side view of the part of the component of

Figure 2 after a second repair step has been performed; and

Figure 4c is a schematic cross sectional side view of the part of the component of

Figure 2 after a third repair step has been performed.

25
Detailed Description
Figure 1 shows a gas turbine engine 10 having, in axial flow series, an air intake 11, a
propulsive fan 12, an intermediate pressure compressor 13, a high pressure

30 compressor 14, a combustor 15, a turbine arrangement comprising a high pressure

turbine 16, an intermediate pressure turbine 17 and a low pressure turbine 18, and an

exhaust nozzle 19.



5known as "bore blending”. In one known gas turbine engine 10, of
particul ar concern are parts of the high pressure conpressor 14. A
cross sectional side view of part of the high pressure conpressor 14
of the gas turbine engine 10 is shown in Figure 2. The high pressure
conpressor 14 is 10contained within a housing conprising outer 30 and
i nner 32 cases. Both the outer and inner cases 30, 32 include an

i nspection port 34 through which a repair apparatus 40 (described in
further detail below) can be inserted into the interior of the inner
case 32 and nanoeuvred to a repair |location to conduct a bore

bl endi ng operation. The inspection port 734 conprises an aperture
having a sufficient dianmeter for the repair 1lb5apparatus 40 to be
inserted, and can be sealed off when not in use to allow the
conpressor 14 to operate. The high pressure conpressor 14 conprises
an alternating series of rows of stationary in use stators (generally
i ndi cat ed lmsdriigeyritds aftdry nSsestary 36 nspeet inteinal domipdn@nissf tHedg«¥ t8rbine engine

20 I i ndi . in Fi by R5 d R6). Each r of stators

Bt o AR GRLE P ot Yo o et il B

bl ades, suctémpenentsagiehdbibarsstiongseirblifg therenhgmhe 100 SUBIS fep@R Dpbratibhdgre

engi nes, igs ecti | ﬁ{ﬁo&r%@ga,re | ocated in several |ocations. However,
ge

25it i's P ?Sy 5 Ible to provi de an inspection port adjacent
each conponent to be repaired, particularly in areas such as the high

pressure c ressor 14. |n the.e e shown in Figure, 2 he,
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However , tbentanedwithih @rhaueindicomptising patep 30 aing frineb8? wewss. Bbth the outer and

i nspection. port 34 t he desired observation |location. Jt ma
therefore 'Bﬁgrn%acs g3 ?%'PS'“S\? Fﬂmsgﬁquqeoofte%athoug 5@\‘ rﬂgep%,ap%%gjsﬁqe
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R, apparatus 40 to be inserted, and can be sealed off when not in use to allow the

compressor 14 to operate.

The high pressure compressor 14 comprises an alternating series of rows of stationary
in use stators (generally indicated in Figure 2 by S4 to S6) and rotating in use rotors

20 (generally indicated in Figure 2 by R5 and R6). Each row of stators and rotors
comprises a pluraiity of circumferentially arranged blades, such as blade S6a shown in
Figure 3.

In most gas turbine engines, inspection ports are located in several locations. However,

25 it is generally not possible to provide an inspection port adjacent each component to be
repaired, particularly in areas such as the high pressure compressor 14. In the example
shown in Figure 2, the inspection port 34 is provided adjacent the fourth stator stage
S4. Access to other components of the high pressure compressor 14 through the
inspection port 34 must be gained by manoeuvring the repair apparatus 40 between

30 adjacent rows of stator and rotors blades. However, there is often no direct line of sight
between the inspection port 34 and the desired observation location. It may therefore

be necessary to withdraw the repair apparatus 40, move the rotor to a new position,



5The repair apparatus 40 conprises a flexible shaft 44 and an energy
beam device in the formof a |aser ablation tool 46. The | aser

abl ation tool 46 is configured to produce a pul sed el ectronagnetic
energy beamto ablate the material of the conpressor rotor blade R6a,
which in this case conprises titaniumalloy such as Ti 6Al 4V all oy.
The | aser ablation tool 46 may be nechanically and el ectronically
scanned. 10 Figure 3 shows a schematic representation of a damaged

hi gh pressure rotor blade R6a. The bl ade R6a has a danaged regi on 42
whi ch requires repair. The damaged region 42 is repaired by renoving
the damaged region 42 in a material remdval method fol |l owed by

repl acenent of the danaged naterial by an additive process such as
15wel di ng. The bl ade R6a has a root 47 leading to a tip 48, as well
as pressure and s ion surfac 50, eac

| eadi ng an8" ‘?F%"ﬁet © EggESrRyTe L§z“409’5t’ﬁ"§rfPE!Bé’i‘nt"“%t 64 $I ‘a9 85“&&50’? nadutrero
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to Figs. 3.and 4. 2 d 4a, the
| aser bl B Paen A s e bishEsd o Aol SRR St ¢ hi n
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or pressure surf and.faci.n shown by dotted
e 631 npregh o3 fortaneR? pdiy s aRdRanlat bk Pl of e ragtesste ol
could be | btaaemaowhrbhen wiscdaise rompriggsatitsninm sioy §@ateastBeAIBY alloy. Tak lhdee
| easi ng or t he ecﬂer gy beam woul d

be direct eSE'S@ ﬁpafg‘hf’e”'g%iﬁ“éecf%%'{:?'@r%‘%é‘t‘i"@”%@ nM$8"¢%hen produced,

and dig ect ed tovvard the surface 49 of the 30blade to abl ate and
thereby re first reqion of material for a,gap 54. Th

501 o) oval B Seldied sOiaR e SRl tir s GmatislioriaBre o o
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fromthe root 4 e
Fegion 42 odier T 2o BBy SAPRYRE B dartesedSah 32107 elbieRional DR AGE
R6a ext endfcmgwed) by heplddepeh8of tha damagedpassiangy feddihagecessagtions 42
whi Ch1é S t lng ?ﬁg\é%ge R6a has a root 47 leading to a tip 48, as well as pressure and

suction surfaces 49, 50 each extending between leading and trailing edges 51, 52.

The repair apparatus 40 is used to perform a material removal method as described
below, with reference to Figs. 3 and 4.

20
In a first step, as shown in Figs. 2 and 4a, the laser ablation tool 46 is manoeuvred to a
required position within the engine 10, such that the tool 46 is able to direct a pulsed
energy beam at the damaged region 42. The tool 46 is oriented with the beam direction
facing through the face of the blade S6a, i.e. in a direction normal to the plane of the

25 blade defined by the suction or pressure surface 49, 50, and facing the top 48, as
shown by dotted line 61 in Fig. 3b. In alternative embodiments, the damaged region
could be located on the suction or pressure surface 49, 50, or at the leasing or trailing
edges 51, 52, in which case the energy beam would be directed accordingly. An
electromagnetic beam is then produced, and directed toward the surface 49 of the

30 blade to ablate and thereby remove a first region of material to form a gap 54. The gap
54 is located between a base region 56 and a repair region 58. The base region 56
corresponds to a portion of the blade R6a extending from the root 47 to a part between



5The gap 54 extends through the blade fromthe suction surface 49 to
the pressure surface 50. The gap has an arcuate profile when vi ewed
fromone of the suction and pressure surfaces 49, 50 to forma
"scal | op" profile. The gap 54 extends only part way |ong the border
bet ween the base region 56 and repair region 58, froma region
approximately 1 mllinetre fromthe tip 48 of the blade S6a at each
end of the arcuate 10Oprofile, such that a pair of connecting portions
60 (shown exaggeratedly in Figures 4a and 4b for clarity) are forned
bet ween the base and repair regions 56, 58, which structurally
connect the base and repair regions 56958 together. The connection
portion 60 is fornmed by the material |ocated between the base and
repair regions 56, 58 which is not renoved in the first ablation

step, such that, Jjn neral , no material is.added to 15formthe
connect i ngaPet G it FRalon . e ceralr FABE SO GeTERTAGS boaRprion
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regi ons 60 o, a {?}?erature bel ow the critical tenperature at which a
HAZ i's for WOE" 'S10HF EM9¥®%o HAZ is forned in the base of connecting
regi ons 49, 60. 20For exanple, the incident beam fluence may be
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The first step is carried out using beam parameters configured to heat the base region
49 and connecting regions 60 to a temperature below the critical temperature at which
a HAZ is formed, such that no HAZ is formed in the base of connecting regions 49, 60.
20 For example, the incident beam fluence may be relatively low, such that the
temperature of the bulk material is kept relatively low. This may be achieved for
example by using a relatively low power laser, and / or by using one or more of a
relatively fast scan speed, a relatively high pulse repetition frequency, and a relatively

large beam diameter.

25
Since the first step is carried out in a normal gas filled environment at room temperature
and pressure, the gap 54 will fill with air once formed. Alternatively, if the first step is
carried out in a vacuum environment, the gap 54 will comprise a vacuum,
Consequently, in either case, the gap 54 will provide a thermal barrier between the

30 regions 56, 58, On the other hand, the connecting portions 60 will prevent the repair

region 58 from separating from the base region 56, and thereby falling into the engine
where it may otherwise cause DOD.



pattern. In order to prevent excessive stress frombeing applied to
t he connecting 5portions 60, the beamis rastered in a chordal
direction (i.e. fromthe | eading edge 49 to the trailing edge 50, or
fromthe trailing edge 50 to the | eading edge 49) starting fromthe
side of the repair region 58 closest to the root 47, then noving
toward the tip 48, as shown by line 62 in Fig. 4a. Due to the thernmal
barrier provided by the gap 54, the heat of the beamis prevented
fromheating the base region 56 to a sufficient extent to cause 10a
significant heat affected zone. Conductive heating of the base region
56 is also prevented by the relatively-8mall wi dth of the connecting
portions 60. Consequently, the | aser paraneters can be chosen to
maxi m se | aser energy input into the repair region 58, and thereby
mnimse the time required to renove the repair region 58. Again,
energy may be maxim sed by applying a relatively high incident beam
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20
The repair region 58 is thereby removed by laser ablation without leaving any piece of
the blade S6a in the engine 10, and without creating a heat affected zone surrounding

the repair region 58 in the base region 56.

25 It has been found that the laser parameters used to form the gap 54 may result in a
refatively rough surface finish of the gap, which will be left after the second laser
ablation step as shown by dotted line 64 in Fig. 3b. Therefore, in a third step, a further
laser ablation pass is made by the laser ablation too! 46 along the edge of the base
region 56 fo form a fina! finished edge profile as represented by continuous line 66 in

30 Fig. 3c. During the third [aser ablation step, the connecting portions 60 are also

removed by the laser ablation tool 46. The third laser ablation step is carried out using



limting. Various changes to the described enbodi nrents nay be nade

wi t hout departing fromthe spirit and scope of the invention. 10 For
exanpl e, the nethod could be carried out on different conponents of a
gas turbine engine, such as rotors or stators of turbines 17, 18, 19.
Alternatively, the nmethod could be carried out on a conponent of a
different type of machi ne, such as conponents for pipes in
petrochem cal plants or nuclear power installations, where there is a
15requirenent to renove danaged parts of conmponents in a restricted
space without either leaving debris in the space or formng a HAZ in
t he conponent, and where it is desirabt&lto reduce the tine required
to renove the damaged parts. Other types of energy beam sources could
be enpl oyed, such as el ectron beans or 20conti nuous wave | asers.

O her types of material coul d be abl ated, for exanple other types of
Tet el Suh e BT TR 9 PR A IS PPIRIOR BB B LT EoRIan

conpri se f prddoeing bAZin thdlebgdist the BRES tdgidh 800l s or material addition
tools. Different sized gaps could be enployed, depending on the
material and the environnent in which the nethod is enpl oyed.

Di fferent mﬂam iBventioaiag been eesdribel ireebrijuhcBsIRIth tHe demplde ekiB8diments
25necessar¥e hjence - mat eri al renmoval nethod
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repair reghrﬁitingnﬂarb@&ecrfaagem tBé BedPibBe ermibyvdithet @ MEE bt Rthdeithban; and
10in a secgQ t ep ir ect [ rrlﬂ an enf[ethgy beam t oward the conponent to
abl ate the ‘?‘Qﬁﬁﬂgr B P PSR CHAE MVERYS regi on from t he
conpoment .
For example, the method could be carried out on different components of a gas turbine
engine, such as rotors or stators of turbines 17, 18, 19. Alternatively, the method could
be carried out on a component of a different type of machine, such as components for
pipes in petrochemical plants or nuclear power installations, where there is a
15 requirement to remove damaged parts of components in a restricted space without
either leaving debris in the space or forming a HAZ in the component, and where it is

desirable to reduce the time required to remove the damaged parts.

Other types of energy beam sources could be employed, such as electron beams or
20 continuous wave lasers. Other types of material could be ablated, for example other
types of metal such as aluminium or aluminium alloy. The apparatus could comprise
further tools, such as inspection tools or material addition tools. Different sized gaps
could be employed, depending on the material and the environment in which the
method is employed. Different parameters could be controlled in order to provide the

25 necessary fluence.



2. A nethod according to claim1, wherein the gap has a sufficient
width to provide a heat barrier between the repair region and the
base region during the second 15step such that substantially no heat
affected zone is formed in the base region by the ablation of the
repair region. 3. A nethod according to claim2, wherein the gap has
a wdth of between 0.1mm and 1mm 20 4. A nethod according to claim
3, wherein the gap has a wwdth of approximately 0.5 MM 5. A net hod
according to any of the preceding clains, wherein the connecting
25portion has a width sufficient to provide a structural connection
bet ween the base region and the repair-fegi on such that substantially
no material fromthe repair region is dislodged during the second

st ep. 6. A nethod according to claim5, wherein the connecting
portion has a width of 30less than 1 §Ehﬂ@§d may have a wi dth of
between 0.5 and 0.1 mm and may have h of substantially 0.5 mm
-13- 7. A nethod according to any of the preceding clains, wherein
the first step is carried out using first beam paraneters such that
substantially no heat affected zone is formed in the first region.
58. A net hod 1ack orathrizgrentovahietbibd tcbeppisiegedi ng cl ai ns, wherein the

zccording Lo ol SRt e SrattiedR SR MUBoa D AL LAY se
any of i nci dentregioerofyhathriasic fgrm begmekicndimgehrobéatathepm@waionesitabveen a
repair region and a base region of the component, wherein subsequent to the
first step, the repair region and base region are joined by a connecting portion;
and
10 in a second step, directing an energy beam toward the component to ablate the

repair region to remove the repair region from the component.

2. A method according to claim 1, wherein the gap has a sufficient width to provide
a heat barrier between the repair region and the base region during the second
15 step such that substantially no heat affected zone is formed in the base region

by the ablation of the repair region.

3. A method according to claim 2, wherein the gap has a width of between 0.1mm
and 1mm.
20
4. A method according to claim 3, wherein the gap has a width of approximately 0.5

mim.

5. A method according to any of the preceding claims, wherein the connecting
25 portion has a width sufficient fo provide a structural connection between the base
region and the repair region such that substantially no material from the repair
region is dislodged during the second step.

6. A method according to claim 5, wherein the connecting portion has a width of
30 less than 1 mm, and may have a width of between 0.5 and 0.1 mm, and may

have a width of substantially 0.5 mm.



10speed, pul se repetition frequency, electronagnetic beam wavel ength
and incident beam diameter. 10.A nmethod according to claim9, wherein
the first beam paraneters conprise one or nore of a relatively | ow
power, a relatively fast scan speed, a relatively high 15pul se
repetition frequency, and a relatively |arge beam di aneter, and the
second beam paraneters conprise one or nore of a relatively high
power, a relatively slow scan speed, a relatively |ow pul se
repetition frequency, and a relatively snmall beam di aneter. 2011. A
met hod according to any of the preceding clainms further conprising a
third step carried out subsequent to th 3second step, conprising

abl ati ng an edge of the base region. 12. A met hod accordi ng
to claim1l, wherein the third step further corrpri ses 25renovi ng the
connecting port 1 of the pr di n

o e wher oifn & fRMotsCoMBiale e 6 Btk s o 6 BREHel

3014. A net hod aesriedeutgising fiastypeam ndnmnguea:ad:hnlgatcshmmst;awtnebmeat dffeeted
nmet hod i s appl 'fo(?]etlé)fo?mggm)tﬂn% ttré)g}ciona gas turbine engine.

5 8. A method according to any of the preceding claims, wherein the second step is

carried out using second beam parameters.

9. A method according to claim 7 or claim 8, wherein the beam parameters
comprise any of incident energy density, beam fluence, beam power, scan
10 speed, pulse repetition frequency, electromagnetic beam wavelength and

incident beam diameter.

10.A method according to claim 9, wherein the first beam parameters comprise one
or more of a relatively iow power, a relatively fast scan speed, a relatively high
15 pulse repetition frequency, and a relatively large beam diameter, and the second
beam parameters comprise one or more of a relatively high power, a relatively
slow scan speed, a relatively low pulse repetition frequency, and a relatively

small beam diameter.

20 11.A method according to any of the preceding claims further comprising a third
step carried out subsequent to the second step, comprising ablating an edge of
the base region.

12.A method according to claim 11, wherein the third step further comprises

25 removing the connecting portion.

13.A method according to any of the preceding claims wherein the energy beam is
provided by a pulsed laser beam.

30 14. A method according to any of the preceding claims wherein the method is

applied to a component of a gas turbine engine.



