-1- METHOD OF DEPOSI TI NG MATERI AL Field of Invention The present
invention relates to a nethod of depositing material on a substrate.
Background of the Invention It is known,to use Laser Wl d Deposition
techniques to build structures on a subdtrate. In some circunmstances
deposition is required along the edge of a conponent, such as a
rotor blade fromturbo machinery in order to repair danmage or wear to
the tip or edge of the blade. Comonly the blade is ground back to
renove the danaged area aIETHCOD OF DERODSHING MATERRLUSed to join
material to the blade to build a structuré which can be machined to
forma required bl ade geonetry. Figure 1 shows a conmponent 10 with
material 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 Fieddhod Imeenrtien 18, and enters the path of a | aser beam
centroid and perinmeter 20 froma |laser 22 which briefly brings it

and the surface of the tip 14 to a nolten state before solidifying
and rai ¥} j ' : S
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per pendy ce of the tip 14 to ensure the energy
densit ngi( ol dBP é!ﬂ‘?h (Y where the beam 20 is incident upon t he
tip 14. In figure 1 the |laser beam 20 is presented as single |ine,

but inreality will have width and _converge to a point to form a
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to beco‘#&t e blade. Commonly the blade is ground back to remove the damaged area and
laser weid deposition is used to join material to the blade to build a structure which can

be machined to form a required blade geometry. 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 tip 14. In figure 1 the laser beam 20
s 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.



adhered to the side 26 of the blade 10. Extra nmachi ning operations
may be required to repair damage caused or renobve erroneously
deposited materi al powder 28, which increases the overall conponent
10 manufacture time and cost. -2- Hence2a nmethod of depositing
material at the edge of a substrate which reduces the |ikelihood of
rework to the side of the substrate is highly desirable. Summary of
the I nvention Accordingly there is provided a nethod for depositing
mat er i alefbe @MmbfHoRN AP RRir 'aﬂapria# af ﬂ'%t%d%eaéf?%%st?é't%f\ﬁﬁi% rQhudds the
conponent, the nmethod conprising a first deposition process

provi di litglifapdof sgwark todhe side of hecttbsiratenid ldghlgalasirgblen ener gy beam
toward the intersection region to join the nmaterial to the
conponent, wherein the beamis nmaintained at an obtuse angle

rel ati v8uhimaty betid Idfventidn t he surfaces such that substantially all
of the working area of the beamis incident upon the intersection
region. The advantage of this nethod is that when material is being
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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 erroneously 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 |l aser around the edge of a conponent when
performing the operation of Figure 2; FBgure 5 presents a
configuration in which the surfaces of a conponent, on which edges
of a structure is to be built, neet at a curved intersection; and
Figure 6 shows a configuration in which the angle of intersection
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fourth side surfaces 104, 106, 108, 110, where surface 110 is hidden
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adj acent t heFgpuRs brbSertath LRhfSn  RERM A Surfabss 8f 8 Qhigdreht, on
powdered material (not shown, but as described wth respect to the
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| aser where it neets the substrate. For exanple, the welding
apparatus may be a | aser weld apparatus, having a |l aser as a source
of direct edFignes yshand »eodfigwationlitlwidhetheangie bf MesnseslGH BEtwdeh the
the nmethod of the present invention, during a first deposition

pr ocessSYTRASHItHE CORNANENt ¥aras- t he 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 nmay be straight or curved in one or

nore plLapes., Ihat .is to surface 102 nmay be flat and surface 104
i s curvb@—é&—éﬁﬁ-‘?—ﬂf@ﬁﬁéw ripHan é'@%‘-&llG is curved in one plane.

Alternatively, surface 102 and 104 nmay both be

Shown in Figure 2 is a cross sectional view of a substrate 100 having a tip surface 102
and first, second, third and fourth side surfaces 104, 106, 108, 110, where surface 110
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 surface 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



curved, so that the intersection 116 is curved in two or nore planes.
The first deposition process fornms a wall 118 around the
circunference of the tip surface 102 at the intersection region 116.
In an alternative exanple, the materiat4may be deposited -4- al ong
only part of the intersection 116, or only at one position at an
“intersection 116. The process of directing a powdered materi al
towards a substrate, bringing the powdered nmaterial and the surface
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the intersection region 116. When the | aser beam 114

For the example shown to the left of Figure 2, where the wall 118 is being deposited at
the intersection 116 between the tip surface 102 and the side surface 104, an obtuse
angle a maintained between the laser 114 and the tip surface 102 and, for the same
example, an obtuse angle 8 is maintained between the laser 114 and the side surface
104. Referring now to Figure 4, the angles a, 8 are maintained with respect to the
surfaces 102,104, at the point where the laser 144 coincides with the intersection 116,
as the laser is moved around the intersection region 116. When the laser beam 114
reaches a corner intersection (e.g. where surfaces 102, 104 and 106 meet) an obtuse

angle is maintained between the beam 114 and all three surfaces of the intersection.

In the example shown in Figufe 5, tip surface 202 and side surface 204 of a component
200 are shown. Unlike the previous 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



reaches a corner intersection (e.g. where surfaces 102, 104 and 106
nmeet) an obtuse angle is nmaintained between the beam 114 and al
three surfaces of the intersection. In the exanple shown in Figure 5,
tip surface 202 and side surface 204 of 9a component 200 are shown.
Unl i ke the previous exanples, the surfaces 202, 204 intersect at a
regi on 220 which is uneven. This nay be because the surface has been
damaged or because the preceding manufacturing process has resulted
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equi val vary along the length of the intersection region
316. @%gééﬁgé&%?%it he angles a and Rw Il vary as the | aser noves

relative to the intersection 316. The angles a, (3 may have a val ue
of no less than 95 degrees and no g%eater than 140 degrees to both

the surlhdbesxapipies of higureg, Bnt @nddrthesurfaces of theycomponent asesshsven to be

one 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 B will vary as the laser moves relative to the intersection 316.

The angles a,  may have a value of no less than 95 degrees and no greater than 140
degrees to both the surfaces comprising the intersection 116. In a further example one
of the angles q, B is no less than 105 degrees and no greater than 115 degrees. As
shown in Figure 2, the angle of the laser beam 114 may be varied at different locations,

but will always be maintained between an advantageous range of angles.

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 a,  are equal to one another, and are equal to half
the angle between the intersecting surfaces. Thus, by way of non limiting example, if
the intersecting surfaces are at right angles to one another (i.e. the reflex angle

between them is 270 degrees), then a = B = 135 degrees. By way of further non



of the angles a, (3 is no less than 105 degrees and no greater than
115 degrees. As shown in Figure 2, the angle of the | aser beam 114
may be varied at different |ocations, but will always be maintained
bet ween an advant ageous range of angl es®-In one enbodi ment of the

i nvention, however, the angles a, (3 each have a fixed value of
substantially 135 degrees. In a further enbodi nent the angles a, (3
are equal to one another, and are equal to half the angle between
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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, regardless 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



area of the beam 114. The relative orientation of the energy beam 114
and conponent 100 is adjusted to maintain a constant distance
between | aser 112 (i.e. the source of the energy beam 114) and the
conponent 100. Thus as the laser 112 is7moved around the

ci rcunference of the conponent, regardl ess of the geonetry or profile
of the conponent 100, which may have a conpl ex curved shape, the
energy density in the working area of the beamis naintained as
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order to build up Iines of deposited material with a particul’ar non

symet r@refile. Where a walll is deposited around an entire circumference of an intersection by
the first deposition process, the region enclosed (or defined) by the wali may be

substantially completely filled by the second deposition process.

Although 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.



profile. Where a wall is deposited around an entire circunference of
an intersection by the first deposition process, the region encl osed
(or defined) by the wall nmay be substantially conpletely filled by
the second deposition process. Although8the 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
manuf acture and repair of rotor blades in turbo nmachinery, the
material deposition being depositedmtapg he tip of the rotor blade.
The present invention may be applled“rU"—gas tur bi ne engi nes, where

t he substrate conponent is an aerofoil for a gas turbine, the

mat eri al deposition being deposited at a the tip or edge of the
aerofoil or vane. -8- CLAIMS A nethod for depositing nmaterial at an

i nterse¢ti onAreghed fbﬂd@ﬂogfn@hdt@ﬁ@ltat@mnﬁﬂéé@@ﬁ&e lon (116) of at least two
(102, 104, 106, 108, 110). _of a cquonent %100 t he net conprising a

first depos&ti"fﬁﬁe&r(éggs@“p?‘@ﬁﬁ 84JdOhe @lea’IDOzﬁllentéWi))l theengﬁmd compiiging a

directing a 0 e

Toi et ho nar s aEb g8l BRcebS ol MY fialdl By PR R AEh i fding an
at an obt useemrgyé.oeaa’u é114)dowvardathe ihisaséctionaregfort fagobthbangirist®the
that substanti all of thﬁeggr king area of the beamis incident

upon t he |nt%9r§B‘E'¥‘? nwp%‘?'ﬁﬁ AMediataiaed phaneltyse angle reletive to at
wherein the g %c@e%uera é%%%?éﬁt:af[%%ﬂbfﬁﬁ&w@ﬂ%’ﬁﬁ %eaﬂh\ée

to one anot her such t ayer o materi a ol ned

conponent alkgamads incitestt qm@nttheﬁnterﬂectiengegioof the i ntersection
(116). 3 A nethod as clained in claim2 wherein successive |ayers of
material are joined wth the conponent (100) to forma wall (118)

along a | eagindtabd sefcldied RNGaifn Plwhdr thBlBRiRHER M AR d energy beam
(114) are moved relative to one another such that a layer of material is joined
with the component along at least part of the length of the intersection (116).

3 A methed as claimed in claim 2 wherein successive layers of material are joined
with the component (100) to form a wall (118) along at ieast part of the length of
the intersection (116).

4 A method as claimed in claim 1, 2 or 3 wherein the relative orientation of the
energy beam (114) and component (100) is adjusted to maintain a constant

distance between the source of the energy beam and the component.

5 A method as claimed in any one of the preceding claims wherein the position
where the energy beam (114) meets the intersection (116) is controlled to within
less than a 1/100"™ of the diameter of the energy beam.

6 A method as claimed in any one of the preceding claims wherein the beam (114)
is maintained at an angle of no less than 95 degrees and no greater than 140

degrees.



4 A method as clainmed in claiml, 2 or 3 wherein the relative
orientation of the energy beam (114) and conponent (100) is adjusted
to maintain a constant distance between the source of the energy
beam and the conmponent. 5 A method as cPaimed in any one of the
preceding clains wherein the position where the energy beam (114)
nmeets the intersection (116) is controlled to within less than a
1/100th of the diameter of the energy beam 6 A nethod as claimed in
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at an angle of no less egrees and no ter

degrees. -9-amgla afsuhsthndiallef3bmedrées.cl ai m 6 V\,her ein the beam (114)

is maintained at an angle of substantially 135 degrees. 8 A nethod as
claimed in claim6 wherein the beam (114) is naintained at an angle

of no I1gss tRanethed Adeasrasd ﬁ*ﬂ@laiﬁﬁ’figm%}bﬁf thbfb%n%mﬂqgrn%ﬁtaﬁﬁécpéﬁar?f
the surfaces (102,104, 106, 108, 110). A nmethod as claimed 1 n any one

of clains 1 @rglg Q}‘\Aﬁl@r|@$$1th&h‘b1%gegf€l§9§tamiemp greatebiham {161d3greed tabne of the

| east one of?dlf%e%%nlp?éx aﬁ%e?’iaé'et WiOG 108, 110) is substantially

equal to hal en two of the surfaces. 10 A
met hod as cl ai ned |n claim9 wherein the angle between the beam (114)
and the at |eas urfaces is substantially equal. 11 A nethod as
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10 A method as claimed in claim 9 wherein the angle between the beam (114) and

the at least two surfaces is substantially equal.

11 A method as claimed in any one of the preceding claims wherein the energy split
between the at least two surfaces (102,104,106,108,110) is approximately equal.

12 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.

13 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 (102,104,106,108,110), the energy beam being
either perpendicular or at an angle to the surface for the second deposition

process.

14 A method as claimed in claim 13 wherein a wall (118) is deposited around an
entire circumference of an intersection (116) by the first deposition process

which is substantially completely filled by the second deposition process.



surface. 13 A nmethod as claimed in any one of the preceding clains
wherei n subsequent to the first deposition process, material is
deposited in a second deposition process on at |east one of the
surfaces (102, 104, 106, 108, 110), the ené“by beam bei ng either

per pendi cular or at an angle to the surface for the second deposition
process. 14 A nethod as clainmed in claim13 wherein a wall (118) is
deposited around an entire circunference of an intersection (116) by
the firgg depapkti ' ' [ i

filled by the Relticers ﬁ%‘%ﬁ@‘??#”ﬁ“%?@%é’iéﬁé‘?%?“ﬁ”gaﬂ%f%*@é*"& a'ned
in any one obeameg1dfpisca@iiasgrcl ai ns wherein the energy beam (114) is
. a laser. 16 A method as clained in any one of the preceding clains
wherein the conponent (100) is an aerofoil for a gas turbine, the

mat eri a6 depAshéthod detiagneeroshy 6e @f thetpidcedint0Aain®s whBreiei©E&bonent
(100) is an aerofoil for a gas turbine, the material deposition being deposited at
a tip (102) of the aerofoil.



