- 1 - METHOD OF DEPOCSI TI NG MATERI AL Field of Invention The present

I nvention relates to a nethod of depositing material on a substrate.
Background of the Invention It is known to use Laser Wel d Deposition
techniques to build structures on a substrate. In sone circunstances
deposition is required along the edge of "a conponent, such as a rotor
bl ade fromturbo machinery in order to repair damage or wear to the
tip or edge of the blade. Commonly the blade is ground back to renove
t he danaged area and | aser weld deposition is used to join naterial
to the blade to build a sMETHODORDEFOSITINGMATERIAIEd to form a
required bl ade geonetry. Figure 1 shows a conponent 10 with materi al
12 being deposited on its tip 14 by a | aser weld deposition

techni que. Powder 16 of a suitable material is directed towards the

tip 14 fyrpoma._nozzle 18, and enters the path of a | aser beam centroid
and perikﬁﬁéﬁﬁﬁhﬂgﬂﬂﬂﬂ a laser 22 which briefly brings it and the
surface of the tip 14 to a nolten state before solidifying and

rai sing the overall height of the conporient 10. The |aser 22 is noved
backwar dThgaresgnivaventat wiajes kea methad of depnsiting materinkbopuasetistrate.
structure, with the beam 20 bei ng mai ntai ned substantially

perpendi cular to the surface of the tip 14 to ensure the energy

densi ty Backoyrening ofi thierlnbemtion where t he beam 20 is incident upon the
tip 14. In figure 1 the |aser beam 20 is presented as single |line,

but inreality wll have width and converge to a point to forma

wor ki ng lafssimowdnioas® lidier Wesld Depositibn tdshnitfa 18 Quils sEostlred! dred sMsstiate.
preci sel n the |l aser 18 reaches the edge 24 of the tip 14, a

proporti rsofpe SIS R0 toRyS BSauisRE ARia e asloae aogmpanest, stich as
conponeny rk8s biags ok wrﬁt?ﬁﬁabﬁ&emﬁ SrHEf t%cr@pé’if' dhRBge o Hveaf tofd tip or edge

changing the structure of the surface and cau5|ng stray po

t o becorf thgihladed Qqsnmﬁalysthg@lsz-‘@ iggraunsl tm%sd@ removeshe damaged aleagnd
t
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conponerhe m@clmaﬁmttafctrmaer&qwredaﬁaﬂa:gmmetry Figure 1 shows a component 10 with
material 12 being deposited on its tip 14 by a laser weld deposition technique. Powder

16 of a suitable material is directed towards the tip 14 from a nozzle 18, and enters the
path of a laser beam centroid and perimeter 20 from a laser 22 which briefly brings it
and the surface of the tip 14 to a molten state before solidifying and raising the overall
height of the component 10. The laser 22 is moved backward and forward across the
tip 14 to build the required structure, with the beam 20 being maintained substantially
perpendicular to the surface of the tip 14 to ensure the energy density is evenly
distributed where the beam 20 is incident upon the fip 14. In figure 1 the laser beam 20
is presented as single line, but in reality will have width and converge to a point to form
a working area. Unless the position of the beam 20 is controlled very precisely, when
the laser 18 reaches the edge 24 of the tip 14, a proportion of the beam energy may
extend down a side 26 of the component 10, possibly heating the surface of the side 26
and changing the structure of the surface and/or causing stray powder 28 to become
adhered to the side 26 of the blade 10. Extra machining operations may be required to
repair damage caused or remove erroneously deposited material powder 28, which

increases the overall component 10 manufacture time and cost.



- 2 - Hence a nethod of depositing material at the edge of a
substrate which reduces the likelihood of rework to the side of the
substrate is highly desirable. Summary of the Invention Accordingly
there is provided a nethod for depositing material at an intersection
region of at least two surfaces of a ceBponent, the nmethod conprising
a first deposition process providing material at said intersection
and directing an energy beamtoward the intersection region to join
the material to the conponent, wherein the beamis maintained at an

obt use apghge Bahathb ®f H@paémhg Atertahat f?lfe édg% o élﬁ%ﬁ%teswﬁ%h 8&ices the

substantial|ly all of the working area beam i s 1 nci upon
t he mteF'SQi'@PP%ﬁf F%@CPTMO ﬂ’ﬁ]@dg@gﬁm%@@trgte is fighlyrdesisble.s that when
material is being deposited at the intersection of surfaces of a
corrponent all of the working area of the energy beamis incident

upon t heSummareef thednvantionhus i s not erroneously nisdirected

towards any other surface where it m ght cause damage or the
deposition of weld material. Brief Description of the Draw ngs
Enbodi rreAt:eordththermlsembwdad wi rhdethbdl\foﬁlbpdemﬁg inftReetelriat t f&nﬁﬁb@e@ﬂ@rﬁ récflon
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using | aﬁﬁbewgﬁbvm@mdém at said mtef?s'egﬁér?aﬁd ah* rPQﬁ@er%béﬁx‘ t8ard the
according to t resent invention for buil ges of a structure

on a co gﬁq\g@ﬁtloag,eg@nﬁgﬁg t%mtq@ggihpm@mponent whereln the beam is
maintained at an obtuse angle relative to at least two of the surfaces such that

substantially all of the working area of the beam is incident upon the intersection region.

The advantage of this method is that when material is being deposited at the
intersection of surfaces of a component, all of the working area of the energy beam is
incident upon the intersection, and thus is not erronecusly misdirected towards any
other surface where it might cause damage or the deposition of weld material.

Brief Description of the Drawings

Embodiments of the invention will now be described with reference to the
accompanying drawings, in which:

Figure 1 (PRIOR ART) shows a known configuration for building a structure on a
component using laser weld deposition;

Figure 2 shows a configuration according to the present invention for building
edges of a structure on a component using laser weld deposition;

Figure 3 shows a configuration to build a structure behind the edges 6f the
structure shown in Figure 2;



Figure 3 shows a configuration to build a structure behind the edges

of the structure shown in Figure 2; -3 - Figure 4 shows a
perspective view of the path of a | aser around the edge of a
conponent when perform ng the operation of Figure 2; Figure 5

presents a configuration in which the s@rfaces of a conponent, on

whi ch edges of a structure is to be built, neet at a curved

i ntersection; and Figure 6 shows a configuration in which the
angl e of intersection between the surfaces of the conponent varies,
Det ai | ed Descrigpfd @@h@%s%map@amb%eﬁhema ﬁ&tfbﬂé‘ﬂ%e? ahilrﬁ thE @88e of a
sectional view of a substrate 100 having a tip surface 102 and Tirst,
second, cempanenfwhesupeTorging thaepeiatan afdzigureds, 108, 110, where
surface 110 is hidden fromview A source of beaned energy, such as a
| aser 112 is provided adjacent the substrate and generates a beam
114, and a soligore %presantea edniigitratidrain wirich trehswfaceb utf aasntement, bad
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t he meldlng apparatus may be a | aser weld apparatus having a | aser
as a source of. direcied ener and po d weld terial deliver
System 1t Hdsie & hoEs Sl TiuERen i VR be BRolS Al taieation petech the
deposi t i Qi4ie8 et Sife BoriBbeéntalaridgposi ted at the edge of the tip of the
substrate. The edge is defined by the intersection region 116 of
surfaces 102, 104, surfaces 102 and 106, surfaces 102 and 108, and
surface 102 and 110. The edge 116 nay be straight or curved in one or
nore pl anes. That is to say, surface 102 may be flat and surface 104
i s curveHbetailg ;3 : entg 16 is curved in one pl ane.

Al ternatively, surface 102 and 104 may both be curved, so that the
intersection 116 is curved in two or nore planes. The first

deposi t i Bimoven ocEigard Dista ceossedelctidii vievooial stiltetraté 100 mbeingrcp sdrfddeel02
tip surfa
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is hidden from view. A source of beamed energy, such as a laser 112 is provided

adjacent the substrate and generates a beam 114, and a source of powdered material
(not shown, but as described with respect to the prior art in Figure 1) is directed
towards the focal point of the laser where it meets the substrate. For example, the
welding apparatus may be a laser weld apparatus, having a laser as a source of
directed energy and powdered weld material delivery system.

In the method of the present invention, during a first deposition process a material
deposited at the edge of the tip of the substrate. The edge is defined by the
intersection region 116 of surfaces 102, 104, surfaces 102 and 1086, surfaces 102 and
108, and surface 102 and 110. The edge 116 may be straight or curved in one or more
planes. That is to say, surface 102 may be flat and suirface 104 is curved, so that the
intersection 116 is curved in one plane. Alternatively, surface 102 and 104 may both be
curved, so that the intersection 116 is curved in two or more planes. The first
deposition process forms a wall 118 around the circumference of the tip surface 102 at
the intersection region 116. In an alternative example, the material may be deposited



- 4 - along only part of the intersection 116, or only at one
position at an intersection 116. The process of directing a powdlered
material towards a substrate, bringing the powdered material and the
surface of the substrate into a nolten state with a beam of energy, -
such as a laser beam 114 to join the matterial to the substrate is
wel | known in the art. However, the method according to the present

i nvention includes the step of maintaining the energy beam 114 at an
obtuse angle relative to at |least two of the surfaces 104, 106, 108,

110 such aud}@torﬁwpéﬁ@nm@htéfs@éﬂonm6t Bﬁomwakbﬁs 8588n e ahhﬁe&%amrfifiei o

is incident upon the_intersection region Fn order for a wal
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and the tip |§|ueﬁaﬁmﬁ&2th@nﬁteréewoh h@gléﬁme enaaﬂaie?foraemam mgeb Bo el up3
is mai ntai ned between_the | aser 114 and the side surface
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t he i nt ethesmimpoment h0@ teebelicaiimel vealls htBxo the réguinetieheightt i p surface 202
and side surface 204 of a conponent 200 are shown. Unlike the

previ ous exanpl es, the surfaces 202, 204 intersect at a region 220

whi ch i SFMQ&@?am’pTH &dmytmehéﬁ@ﬂli@u?@g Whisrbage waas| 18@@%%@%@@'&&‘2{ at
because Erecedl g@nanufacturln rocess has resulted in such a
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A obt usts BT e OVRE Ardl o miERREbAT eofch 15, Mesrife et penrc it
tip sur f@ééh%coméﬂ%t@ﬂe@thiru@g aWﬂbﬁs duitfdces MBR N @4 884 1068 RS an B@tuse
| aser 214 d t he vi r}ual side surface 2041, Hence an obt use angl e

i s mai ntaaﬂ § mRn betweendhe bsam Hidpndall free §Wﬂ%é3f2|@mt%fﬁ@0t@ﬁ
obtuse angle 13 is maintai ned between the | aser 214 and the side

surface 204.
In the example shown in Figure 3, tip surface 202 and side surface 204 of a component

200 are shown. Unlike the previcus examples, the surfaces 202, 204 intersect at a
region 220 which is uneven. This may be because the surface has been damaged or
because the preceding manufacturing process has resulted in such a geometry. The
geometry of the surfaces 202,204 is acquired by a suitable scanning technique. A



In the exanples of Figure 2, 3, 4 and 5 the surfaces of the conponent
are shown to be at constant angles relative to one another. However,
as shown in Figure 6, the equivalent surfaces vary along the length
of the intersection region 316. Consequently the angles a and 13 will
vary as the |aser noves relative to thed-ntersection 316. The angl es
a, 13 may have a value of no |l ess than 95 degrees and no greater than
140 degrees to both the surfaces conprising the intersection 116. In
a further exanple one of the angles a, 13 is no |less than 105 degrees
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the | aser beam 114 ma e varied at differen ocations, but wll
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fixed val ue of substanti al Py 135 degrees. ment™ the
angl es arespgchiyaly, étﬁdademfﬁyﬁlefvmetthmwﬂualmﬂlrfaces @ﬂﬁ’aP.O# anketl f t he
angl e between the intersecting surfaces. Thus, by way of non limting
exanple, if the intersecting surfaces are at right angles to one
anot her Mateial dhposiiei to)creatglaewbibattherintersention 226 & degrsites bn théleﬂ‘f@ce
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which is a function of its ejection spee e of ejection
The powsefegufiaee?P4l will al so be subject to gravity. Hence while it
is beneficial to angle the laser 112 in the first deposition process
of the present invention, simlarly angling the nozzle of the powder
mat er i al Indbé evemplesyof tFigoraedy 3; 4 suldt5 the sudfades efctheuhmpio@bnbaie@nown to be

m sdi rec wder | ferably deI ivere angl e
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t he source of beaned energy, the distortion of the trajectory of the

powder will have to be allowed for to ensure powdered material neets
t he wor Ki@nglesoof mayhavesavalug of madessdhan PG slegreasrand nograstenthan 140
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substantially constant.
In one embodiment of the invention, however, the angles a, B each have a fixed value
of substantially 135 degrees.

In a further embodiment the angles o, B are equal to one another, and are equal to haif
the angle between the intersecting surfaces. Thus, by way of non limiting example, if
the intersecting surfaces are at right angles o one ancther (i.e. the reflex angle
between them is 270 degrees), then a = B = 135 degrees. By way of further non



The position where the energy beam 114 neets the intersection 116 is
controlled to within less than a 1/100th of the dianeter of the
energy beam 114. The working area of the |aser beam 114 will fall on
both sides of the edge which defines the intersection region 116,
such that substantially all of the beanfd energy will fall on the
conponent 100 and material being deposited on the conponent 100. That
Isto - 7 - say, substantially none of the beaned energy wll
directed to anywhere other than the intersection region during this
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| aser beam 114 between the at |east two surfaces conmprisi ng

i nt er sectaflex angle lﬁ%twaﬁpﬂbemn@%wegm@é) thema & EHGO rrent at
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area of the beam 114

The relative orientation of the energy beam 114 and component 100 is adjusted to
maintain a constant distance between laser 112 (i.e. the source of the energy beam
114) and the component 100. Thus as the laser 112 is moved around the
circumference of the component, regardiess of the geometry or profile of the
component 100, which may have a complex curved shape, the energy density in the
working area of the beam is maintained as substantially constant.

The position where the energy beam 114 meets the intersection 116 is controlled to
within less than a 1/100th of the diameter of the energy beam 114.

The working area of the laser beam 114 will fall on both sides of the edge which defines
the intersection region 116, such that substantially all of the beamed energy will fall on
the component 100 and material being deposited on the component 100. That is to



CLAI M5 1A nethod for depositing material at an intersection region of
at least two surfaces of a conponent, the method conprising a first
deposition process providing material at said intersection and
directing an energy beamtoward the intersection region to join the
material to the conponent, wherein the-bBeamis numintained at an
obtuse angle relative to at |least two of the surfaces such that
substantially all of the working area of the beamis incident upon
the intersection region and wherein the conponent and energy beam are
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than a ldddiRitéd if a kBEorill asmisitforOirobdss GNES SUrfAReM &, For the second
deposition process the energy beam and powdered material delivery system are used
as in a conventional weld deposition process, with the energy beam 114 being
perpendicular to the surface 102. However, the laser may also be angled to the surface
102 in order to build up lines of deposited material with a particular non symmetrical
profile. Where a wall is deposited around an entire circumference of an intersection by
the first deposition process, the fegion enclosed (or defined) by the wall may be
substantially completely filled by the second deposition process.

Aithough the invention may be applied to any situation where deposition is required to
build a structure on a substrate, the method is particularly beneficial in the field of
manufacture and repair of rotor blades in turbo machinery, the material deposition
being deposited at a the tip of the rotor blade. The present invention may be applied to
gas turbine engines, where the substrate component is an aerofoil for a gas turbine, the
material deposition being deposited at a the tip or edge of the aerofoil or vane.



5A nethod as clainmed in any one of the preceding clains wherein the
beamis nmai ntained at an angle of no | ess than 95 degrees and no
greater than 140 degrees. 6A nethod as clained in claim5 wherein the
beamis maintained at an angle of subsgantially 135 degrees. -9- 7 A
method as clained in claim5 wherein the beamis maintained at an
angle of no | ess than 105 degrees and no greater than 115 degrees to
one of the surfaces. 8A nethod as clained in any one of clains 1 to 4
wherei-n the angl e between the

CLAIMS

1 A method for depositing material at an intersection region of at least two
surfaces of a com;'ﬁonent, the method comprising a first deposition process
providing material at said intersection and directing an energy beam toward the
intersection region to join the material to the component, wherein the beam is
maintained at an obtuse angle relative fo at least two of the surfaces such that
substantially all of the working area of the beam is incident upon the intersection
region and wherein the component and energy beam are moved relative to one
another such that the energy beam moves along the intersection to join a layer
of material with the component along at least part of the length of the intersection
as the energy beam moves along the intersection.

2 A method as claimed in claim 1 wherein successive layers of material are joined
with the component to form a wall along at least part of the length of the

intersection.

3 A method as claimed in claim 1 or 2 wherein the relative orientation of the
energy beam and component is adjusted to maintain a constant distance

between the source of the energy beam and the component.

4 A method as claimed in any one of the preceding claims wherein the position
where the energy beam meets the intersection is controlled to within less than a
1/100" of the diameter of the energy bean.

5 A methed as claimed in any one of the preceding claims wherein the beam is
maintained at an angle of no less than 95 degrees and no greater than 140
degrees.

6 A method as claimed in claim 5 wherein the beam is maintained at an angle of
substantially 135 degrees.



'beam and at | east one of the surfaces is substantially equal to half
the reflex angle between two of the surfaces. 9A nethod as clained in
claim8 wherein the angl e between the beam and the at |east two
surfaces is substantially equal. 10A pgthod as clained in any one of
the preceding clains wherein the energy split between the at | east
two surfaces is approximately equal. 11A nethod as clainmed in' any
one of the preceding clains wherein at | east 60% nore energy is
directed towards one surface than to the at | east one other surface.
12A nethod as clainmed in any one of the preceding clains wherein

subsequent t @ 4 &bk HaifiRRas 'cFa':rﬁrS Rh&eshe H&hﬂs‘ Bhintsin A0S éﬁ@le'o‘?

a second deposition process on at |east one of the surfaces, th
ener gy beam beilgsg tham R85 degrassratidcng areatar thgn éih5 gagresstto Oﬂﬁé’fﬂ'lﬁ face
for the second deg03| tion process.

8 A method as claimed in any one of claims 1 to 4 wherein the angle between the
‘beam and at least one of the surfaces is substantially equal to half the reflex
angle between two of the surfaces.

9 A method as claimed in claim 8 wherein the angle between the beam and the at
least two surfaces is substantially equal.

10 A method as claimed in any one of the preceding claims wherein the energy split
between the at least two surfaces is approximately equal.

11 A method as claimed in any one of the preceding claims wherein at least 60%
more energy is directed towards one surface than to the at least one other

surface.

12 A method as claimed in any one of the preceding claims wherein subsequent to
the first deposition process, material is deposited in a second deposition process
on at least one of the surfaces, the energy beam being either perpendicular or at
an angle to the surface for the second deposition process.

13 A method as claimed in claim 12 wherein & wall is deposited around an entire
circumference of an intersection by the first deposition process which is
substantially completely filled by the second deposition process.

14 A method as claimed in any one of the preceding claims wherein the energy

beam is a laser.



13A nmethod as clained in claim1l2 wherein a wall is deposited around
an entire circunference of an intersection by the first deposition
process which is substantially conpletely filled by the second
deposition process. 14A nmethod as clajged in any one of the preceding
clainms wherein the energy beamis a laser. -10- 15 A nethod as
clainmed in any one of the preceding clains wherein the conponent is
an aerofoil for a gas turbine, the material depos.ition being

deposited at a tip of the aerofoil. , , .
15 A method as claimed in any one of the preceding claims wherein the component

is an aerofoil for a gas turbine, the material deposition being deposited at a tip of

the aerofoil.



