- 1 - METHOD OF MANUFACTURI NG A COVPONENT The present invention
relates to a nethod of manufacturing a conponent. In particular it
relates to manufacturing a conponent by a nmaterial deposition
process. Manufacture of conponents by mhterial deposition, for
exanpl e by weld deposition, is known. In such processes a heating
means (for exanple, a laser) is passed over a substrate, bringing a
region of the substrate to a nolten state as it noves relative to the

substrate. Powdered @-ﬁ_ﬁbalOkigﬂﬁul;vﬁéigg&ﬁetﬂi‘fqgmlzmgl on,
brought to a nolten » |d|f|es
and creates a solid structure along the direction of travel of the

heating nmeans. The weld nmaterial nust be delivered to the nolten
region at a rate such that it is heated sufficiently and a consi st ent

rate ofy % s'teﬁ mb{énﬁ@rﬁ’?élhfe%dtotsl% W&Fmtah §coﬁ‘ﬁion§eﬁts reason

t he spee neans 1S cons ant ensu e weld
process is stable. For the sane reason the orientation and p05|t|on

of the heatin t | ative to t he substrat and t he heat . put
o T ne IR eariA Il Alatesrto Thet Gak it G S BARS iy a et gk A oSl frocess.

constraints will result in optlmal build quality in nost
circunstances, it is not always necessary to have such constraints in
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i s hi gijupstiafd, briBhmg a region of the substrate to a molten state as it moves relative to the
substrate. Powdered material is delivered to the molten region, brought to a molten
state, and then cooled such that it solidifies and creates a solid structure along the

direction of travel of the heating means.

The weld material must be delivered to the molten region at a rate such that it is heated
sufficiently and a consistent rate of material is deposited throughout the process. For
this reason the speed of the heating means is kept constant to ensure the weld process
is stable. For the same reason the orientation and position of the heating means
relative to the substrate, and the heat output of the heating means, is also kept

constant.

However, while such constraints will result in optimal build quality in most
circumstances, it is not always necessary to have such constraints in place to achieve a

desired end result of sufficient quality.

Hence a method of manufacture and apparatus which allows for a more flexible delivery

of heat to a substrate during a material deposition process is highly desirable.



- 2 - Summary of the Invention According to a first aspect of the

I nvention there is provided a nmethod of manufacturing a conponent
conprising the steps of heating a working region of a substrate with
a heating neans; directing a material i%to the working region to
bring the material into a tenporary nolten state; depositing said
material on the substrate such that when the material solidifies it
forms at |east part of the conponent; wherein the heating neans power
out put , § éggg o&)‘!ll gé gﬂil%ilon speed and direction of travel

rel ati e adjustable and controlled throughout
the material deposition process to control the shape and/or size of
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travel of material deposition apparatus according t0 the present
i nvent iangt rate of heat delivery to the substrate.

According to a second aspect of the invention there is provided apparatus for
manufacture of a component by a material deposition process comprising a heating
means for heating a working region of a substrate wherein the heating means power
output, stand off, orientation, speed and direction of travel are adjustable and
controllable throughout operation of the apparatus during the material deposition to

thereby control the distribution and rate of heat delivery to the substrate.

Brief Description of Drawings

Embodiments of the invention will now be described with reference fo the

accompanying drawings, in which:

Figure 1 is a diagrammatic representation of material deposition apparatus;

Figures 2 to 5 are plan views of a variety of different directions of travel of

material deposition apparatus according to the present invention;



- 3 - Figure 6 is a side view of the heating nmeans shown at two
different distances relative to the substrate; Figure 7 is a
side view of the heating neans shown at two angles relative to the
substrate in the direction of travel of3the heating neans, and at two

different distances relative to the substrate; Figure 8 is an
end on view of the heating neans shown at an angle to the direction
of travel of the heating neans; Figure 9 and Figure 10 shows

t he heating ans. bei tr.ans t ch the r u t
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of apparatus 10 for manufacture of a conponent by a material
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shown). The heating nmeans 12 has an end face 40 through which a heat
sour ce Telatiyeteheaubfralfeat e a heated vol une. By way of exanple only,

t he heat source may be a coherent |ight energy (for exanple a | aser),
a plasma spray or high-velocity oxy-fuel spray. In the exanple shown
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Figure 9 and Figure 10 shows the heating means being translated to match the

curvature of the substrate; and

Figure 11 shows a diagrammatic representation of an example of the apparatus

of the present invention.

Detailed Description of Embodiments

Figure 1 is a diagrammatic representation of apparatus 10 for manufacture of a
component by a material deposition process. In this example the process is a laser
weld deposition process. The apparatus comprises a heating means 12 which is
supporied by an arm (not shown) which is computer controlled (not shown). The
heating means 12 has an end face 40 through which a heat source is directed to create
a heated volume. By way of example only, the heat source may be a coherent light
energy (for example a laser), a plasma spray or high-velocity oxy-fuel spray. In the
example shown the heating means is a laser 14. In Figure 1 the laser 14 is shown
generating a laser beam 16 which exits the end face 40 of the heating means 12 and is

projected onto a substrate structure 18 to define a working region 20 of the substrate



-4- 18, and bring said working region 20 into a nolten state. The
energy beam 16 is focussed and shaped to define a heating zone 30 of
constant size and geonetry. The substrate is supported on a bed or
fixture 22. Powdered material 24 is del4vered to the working region
via a delivery tube 26. The material 24 is brought into a tenporary
nolten state and deposited on the substrate 18 such that when the
material 24 solidifies it forns at |east part of the resultant
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the surface of the substrate 18, in which case the stand off is the
vertical distance fromthe end face 40 of the heating neans and the
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As shown in Figure 7 the heating neans 12 orientation relative to the
substrate 18 is adjustable by varying the angle of the heating neans
12 relative to the substrate 18 in the direction of travel "A" of the
heating neans 12 relative to the substt@ate 18. This will alter the
shape of the spot 30 and hence adjust the shape and heat distribution
of the resultant working region. The laser 14 is shown with a
different stand off to the left of the figure than to the right,

descri bite dfpaE P R RRR ARG TR igr R Rt el Rh At the paty

ori ent affithe Hta@hﬂg inYeearis012 coMpriséda seviestof aésedt8d mayvds a8 dhooineel Fiyure 5.
varying the angle of the heatln? means. 12 rel ative to the substrate

18 bet iBdhisAap@e gharewmtigagha dsal wilk br distiided ovebn langsatea Rvef theygurface
heatin tive to the substrate 18. Likew se, as shown in
Fi gur ngTﬁ?%ﬁb eaﬂtélefn&g1 means 12 orientation relative to the substrate
is adjustable by varying the angle of the heating neans 12 rel atl ve

to the substrate 18 at nanletoth rectjon of tr Ao

heat i ng‘f BN i Flasre 6 the f’ﬁén%%lﬁsf? 5{ dl@éf quﬁ*é‘fei ?‘Po'su?%la

"tilti t‘@_a@ i ;

| ooki ng% é%%tgglr? Cl éér?ﬁl}g'r’]‘ﬁ? he aélhggﬁ‘fg?lj)éqn(%fmsﬁ%gd\;/é; éfi i ni%atﬁe s@ﬁgtré*eeﬁ.eln this
pr ecediguptértgistas) offveferstthdhé distamep heiasreenjﬁeobntbfabeﬁl@ afribe @paﬁng ameans

angleto he dj.recti.on a ed.to in t dir

Fravel aheka SebiRG OB A o W Sunst e SFER BESAS pidbriets may TR 12
may al %ﬁarbénd' alilaf tb th%' airface 6thé @Qb%@&t 18i§ whitch &_é‘@ﬂ]eaétbh@@)ﬁ EQ@N@‘
the sane effect on the spot shape and size as described wt

r ef er ervsstigad dﬁtgmeafrerrathl@ end fage Mtthﬂ@e@ﬁaggnqaﬂmnémeawhﬁﬁrate In

angl e STTORUEs YRRt e s abe JPuRat B A o et Yod Buane of
A of thethiedistartemaenthd 2ntdhed Y oftite hbatisy hesanat 2 th&heAubstra®18 ih a
Figure 9 and Figure 10, the orientation and direction of travel of

the heéiireﬁaowé}@ isatihe said arglade e ﬁ@bfétﬁigt Bhe hepting maans theay be
curvat Y &viRg if Eedn%léﬁéﬁ Q%Paglejr?b u~{ Lg HB's%béi?Qf@'Hé [he 8HQ§¢]dr%%léa§ed
e t regl on (6] ure e

is arcua cons ary|ng curva

cur vat uyeammy "Aktlarhluie en'cbodamgni shdvim thr, Ideatmg;smeaas isThdaderatd, mgdriets
12 i s noved reI hes stra he direction of fr

1 caneling e Relht ging hoes Rcstna a) oeing lsSel wikafelte atzefiidne fver
t| me t 4 n @, h

e I A, 4B 54 e
means 113 depisting/thet sulisrate abdace)tad tlnapombut ipingassoatite suhabvw@mmus agin

Uvave, B0 SeRaB i, AT R SIS o B 08Bl S 208
requi r efbncéhBe bﬂ@tgywerﬁm@rwm 12 15§68 ehefd\adiedting @ rhbRer® k&gﬁéﬁ eére weld 800I”)

adj ust abl e by var%,lf ng the speed of the heating neans 12 end face
i n t he ofigreaier eap butrlgseeasurfaqe afeial thpe the prreopament ththe, rightiaf imFigure 6,

'n e he s RNG opebEiAter Ao EMEe b Byt ERafhtHiaRIchER R ey OB

travel soffatbeirea on the substrate surface for a constant energy output.

As shown in Figure 7 the heating means 12 orientation relative to the substrate 18 is
adjustable by varying the angle of the heating means 12 relative to the substrate 18 in
the direction of travel “"A” of the heating means 12 relative to the substrate 18. This will
alter the shape of the spot 30 and hence adjust the shape and heat distribution of the
resultant working region. The laser 14 is shown with a different stand off to the left of
the figure than to the right, which will alter the depth and surface area of the weld pool

as described with reference to Figure 6. The heating means 12 orientation relative to



- 7 - heating nmeans 12. Hence the slower the speed of travel, the

| arger the size of the nolten pool. A larger weld pool will catch and
nmelt nore powder, resulting in a larger deposited bead cross
sectional area. The rate at which materfal 24 is delivered to the

wor king region 20 is adjusted and controlled throughout the materi al
deposition process. Wiile the different nodes in which the heating
nmeans 12 nmay be adjusted relative to the substrate have been
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the - 8 - conputer 38 via a third link 42. The delivery tube 26 is
in comruni cation with the conputer 38 via a fourth link 44. The
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heating means 12 relative 1o the substrate may not be constant throughout the travel
and rotation, thereby varying the heating zone spot size and shape, or maintaining the

heating zone spot size and shape, as required.

The heating means 12 speed relative to the substrate is adjustable by varying the
speed of the heating means 12 end face 40 in the direction of travel. It will be
appreciated that, with all other parameters being constant, the size of the molten pool

created in the working region will be directly proportional to the speed of travel of the



The conputer controls the heating neans 12 power output, stand off,
orientation, speed and direction of travel relative to the substrate,
and the powder 24 delivery rate, by way of | ook up tables 48 stored
in the conputer 40 in conjunction with &-nodel 50 which defines the
geonetry of the conponent to be manufactured. That is to say, for a
given feature (e.g. part of conponent being built up) of the
conponent defined by the nodel 50, the conputer will determ ne the
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the working region 20 via a delivery tube 26. The material 24 is brought into a
temporary molten state and deposited on the substrate 18 such that when the material
24 solidifies it forms at least part of the resultant component. In this embodiment the
heating means 12 is shown perpendicular to the substrate and moving in a direction of

travel indicated by arrow “D”. The heating means 12 is in communication with the



- 10 - CLAIMS 1A nethod of manufacturing a conponent conprising the
steps of heating a working region of a substrate with a heating
neans; directing a material into the working region to bring the
material into a tenporary nolten state:8depositing said material on

t he substrate such that when the material solidifies it forns at

| east part of the conponent; wherein the heating neans power out put,
stand off, orientation, speed and direction of travel relative to the

Goposi (ATNPHE, 3EE RIS N 2P Rk Bk diRE 2400 B b AR Pl the
regi on ¢ampiner 8Byig arfouh linka4di stribution and rate of heat delivery
to the substrate. 2A nethod as clained in claim1l wherein the rate at

which nmaterial is delivered to the working region is adjustable and

cont r ol 1A BEAY ARG 1 Re A EMeahs PBRRT LR, S5AE S orientation, speed and
direction of travel are adjustable and controllable throughout operation of the apparatus
during the material deposition process by the computer 38 via links 34, 36, 42 and 44.
The computer sends a signal via the first link 34 to the arm 30 to control the stand off,
orientation, speed and direction of travel of the heating means 12. The computer sends
a signal via the second link 36 to the pivotable joint 32 to further adjust the stand off
and orientation of the heating means 12. The energy output and energy distribution of
the heating means is controlled by the computer via the third link 42. The rate of
delivery of the powder 24 through the delivery tube 26 is controlled by the computer via
the fourth link 44.

The computer controls the heating means 12 power output, stand off, orientation, speed
and direction of travel relative to the substrate, and the powder 24 delivery rate, by way
of look up tables 48 stored in the computer 40 in conjunction with a model 50 which
defines the geometry of the component to be manufactured. That is to say, for a given
feature (e.g. part of component being built up) of the component defined by the model
50, the computer will determine the optimal power output, stand off, orientation, speed
and direction of travel of the heating means 12 relative to the substrate 18 and the rate
of powder 24 delivery via the delivery tube 26 to generate the feature based on data
provided from the look up tables 48. The look up tables are generated empirically

and/or by modelling.

Empirical data defining optimum heating means operation may be produced by
monitoring parameters defining the manufacturing process during trials and/or actual
manufacture. For example substrate temperature, dimensional and geometric accuracy
may be monitored. Thermocouples, pyrometers and or a thermal camera may be
employed to build a thermal history of regions being created. The data is reviewed and
used to refine the manufacturing process. A library of known standard primitive

deposited features (for example one bead, two overlapping beads, corners, walls of a



3A net hod of manufacturing a conmponent as clainmed in claim1l or claim
2 wherein the heating neans stand off relative to the substrate is
adj usted by varying the heating neans distance relative to the
substrate. 4A nmethod of manufacturing 89eonponent as claimed in claim
1, claim2 or claim3 wherein the heating neans orientation relative
to the substrate is adjusted by varying the angle of the heating
means relative to the substrate in the direction of travel of the
ranuf act ur.i ng

heat i ng jreans rﬂil a%i ve qtﬁeitﬁ subgt r at ﬁ o 5A ﬁt hod oef inuf act ur.l
a conpodlnt ISt WIdtheaq flelg @rﬁﬂ% BHUSEALC PPRLEES APICIARE BRETHC he
heat i ngheBIRStiSe QERM Aithedt FeRlodtde/® FiRité fmemuhﬁmbabﬂinﬁa“oadd:mgbﬁdntm/eing

varying the angle of the heating neans relative to the substrate at

an angl®apgfachéedi Heaee die dpok Haveblest define eaveniharbeaiing @eansvia wil
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heati ngsyx¢@mn4 is adjusted to substantially match the curvature of the

substrate.
The method and apparatus of the present invention enable an efficient and stable
deposition process because the temperature and size of the working region can be
tuned to precisely that required achieve the desired resultant geometry and to heat the
underlying structure in only the required locations to the required temperature. Hence
the present invention enables the construction of components with more complex
geometries and also results in less material wastage, feature overbuild, more consistent

microstructures.

Control of the heating zone 30 size and shape results in better control of thermal
management and heat dissipation in the substrate, since the amount of heat being

delivered to the substrate is more tightly controlled.

‘The heating means 12 power output, stand off, orientation, speed and direction of travel
relative to the substrate are computer controlled. The present invention may also
comprise software to optimise the power output, stand off, orientation, speed and
direction of travel of the heating means 12 via a process simulation prior a material
deposition process. This would enable automation of the material deposition sequence.
Interpolating and verifying the variation between measured and characterised response
conditions could enable generation of control curves or response strategies for use in
process controls. The curves or strategies may be applied under at particular stages in
a deposition process. As the process progresses, alternate control curves or strategies

could be activated.



7A nmet hod of manufacturing a conponent as clainmed in any one of the
precedi ng clains wherein the heating neans speed relative to the
substrate is adjusted by varying the speed of the heating neans in
the direction of travel. 8A nethod of -ff@nruf acturi ng a conponent as
clainmed in any one of the preceding clains wherein the direction of
travel relative to the substrate is adjusted such that the path of
the heating neans is at least in part curved. 9A nethod of
manuf act uri ng a conponent as cl ai nedaj %@in18 wherein the direction
of travel relative to the substrate ggzggkusted such that the path of
the heating neans is at least in part curved and has a variabl e
curvature. 10A nethod of manufacturing a conponent as clainmed in any
one of the preceding clains wherein the direction of travel of the

cubst ot o TIRSHBHES i raduahR R @hdtont BRI e TR L* O )
one of the preceding

heating a working region of a substrate with a heating means;

directing a material into the working region to bring the material into a temporary

molten state;

depositing said material on the substrate such that when the material solidifies it

forms at least part of the component;

wherein the heating means power output, stand off, orientation, speed and
direction of travel relative to the substrate are adjustable and controlled
throughout the material deposition process to control the shape and/or size of
the working region to thereby control the distribution and rate of heat delivery to

the substrate.

2 A method as claimed in claim 1 wherein the rate at which material is delivered to
the working region is adjustable and controlled throughout the material

deposition process.

3 A method of manufacturing a component as claimed in claim 1 or claim 2
wherein the heating means stand off relative to the substrate is adjusted by

varying the heating means distance relative to the substrate.

4 A method of manufacturing a component as claimed in claim 1, claim 2 or claim
3 wherein the heating means orientation relative to the substrate is adjusted by
varying the angle of the heating means relative to the substrate in the direction of

travel of the heating means relative to the substrate.



clainms wherein the heating neans conprises a neans for generating an
energy beam which is focussed and shaped to define a heating zone of
constant size and geonetry which is projected on the substrate to
define the working region. - 12 - 12Alfdet hod of nmanufacturing a
conponent as clainmed in claim11 wherein the size of the working
region of the substrate is controlled by adjustnent of the heating
nmeans stand off and orientation relative to the substrate throughout

area o he AERRARY o5 B ain UB TR AR AR RGHBI F5 of e AR ng
13A net hod aflairewhaedin thaBedtirkPmeans diicAtatiohakRideito tied substidteds adjusted
claim 12 wherein the shape of the working r%I on of the substrate is

control I ed By YRIyinatheranal of e hrafinorpeasarelativadathersubsiateat an ppgle to
and/or dir ecthbi‘l{ﬂrieg{ioﬁ Bf‘i’rﬁl/elrcffh@% géétigﬁﬁj%sﬁ:‘géiﬁiﬁb%?hé Ehﬂé{%}@.‘“ the

mat eri al depos N process € Cross-sectional
shape of the heating zone throughout the material deposition process.

14A nmet hod of mapufacgturi a.conponent as clained in any one of the
precedithg i( metnod 0 manu?a?cturing g%omponent as c?aimed in any cyne ofethe preceding
claims wherein the orientation of the heating means is adjusted to substantially

maich the curvature of the substrate.

7 A method of manufacturing a component as claimed in any one of the preceding
claims wherein the heating means speed relative to the substrate is adjusted by

varying the speed of the heating means in the direction of travel.

8 A method of manufacturing a component as claimed in any one of the preceding
claims wherein the direction of travel relative to the substrate is adjusted such

that the path of the heating means is at least in part curved.

9 A method of manufacturing a component as claimed in claim 8 wherein the
direction of travel relative to the substrate is adjusted such that the path of the

heating means is at least in part curved and has a variable curvature.

10 A method of manufacturing a component as claimed in any one of the preceding
claims wherein the direction of travel of the heating means is adjusted to

substantially match the curvature of the substrate.

11 A method of manufacturing a component as claimed in any one of the preceding
claims wherein the heating means comprises a means for generating an energy
beam which is focussed and shaped to define a heating zone of constant size

and geometry which is projected on the substrate to define the working region.



cl aims wherein the nethod conprises a | aser weld deposition process.
15Appar atus for manufacture of a conponent by a material deposition
process conprising a heating neans for heating a working region of a
substrate wherein the heating neans powW&r output, stand off,
orientation, speed and direction of travel are adjustable and
control |l abl e throughout operation of the apparatus during the

mat eri al deposition to thereby control the distribution and rate of

heat de{i Veryx rﬁ&h&@%fm}féé’chﬁng a component as claimed in claim 11 wherein the size

of the working region of the substrate is controlled by adjustment of the heating
means stand off and orientation relative to the substrate throughout the material
deposition process thereby adjusting the cross-sectional area of the heating
zone throughout the material deposition process.

13 A method of manufacturing a component as claimed in claim 11 or claim 12
wherein the shape of the working region of the substrate is controlled by
adjustment of the heating means stand off, orientation and/or direction of travel
relative to the substrate throughout the material deposition process thereby
adjusting the cross-sectional shape of the heating zone throughout the material

deposition process.

14 A method of manufacturing a component as claimed in any one of the preceding

claims wherein the method comprises a laser weld deposition process.

15 Apparatus for manufacture of a component by a material deposition process
comprising a heating means for heating a working region of a substrate wherein
the heating means power output, stand off, orientation, speed and direction of
travel are adjustable and controllable throughout operation of the apparatus
during the material deposition to thereby control the distribution and rate of heat

delivery to the substrate.



