- 1 - A METHOD OF RESTORI NG A METALLI C COVPONENT Thi s invention
relates to a nmethod of restoring a netallic conponent and is

particul arly, 5although not exclusively, concerned with renedi al work
to elimnate weld cracking in wel ded conponents. Heat exchangers are
pressure vessel s that operate under conplex thermal cyclic |oading,

of ten under aggressive environnmental conditions. Sone heat

exchangers, for 10 exanple those used on offshore oil and gas rigs,
may be | arge and conplex assenblies, and for exanple may wei gh nore
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process, and which are united in an assenbly by joining themto upper
and | ower headers by heavy 1515 mnmthick nulti-pass TIG (titanium
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which are united in an assembly by joining them to upper and lower headers by heavy

15 15 mm thick multi-pass TIG (titanium inert gas) welds. Heat treatment of the assembly
after welding can cause undesirable strain relaxation mechanisms . Stress
concentration features associated with the welds can be eliminated by manual
grinding, but this can cause an unacceptable loss of material leading to geometric
thinning in critical locations, for example in the ligaments between adjacent panels.

20
[t is desirable to restore the ground features back to geometrical limits. However,
access to the ground regions can be very difficult for conventional metal deposition
techniques. Also, since the grinding process will be bespoke for each particular feature
formation, the resulting geometry after grinding is non-standard, and this can further

25 limit access and line of sight.

US 6612480 discloses the repair of metal parts by adding new metal in the form of a
preform. The preform is formed by metal spraying on to a separation sheet which is
subsequently separated from the preform. The preform can then be cut and shaped as



- 2 - appropriate and welded to the substrate netal. Such a process

| acks accuracy, and, in particular, there is a possibility that voids
wll be formed between the substrate netal and the preform which can
reduce nechanical strength and formfuture stress concentration
features which may contribute to the gemeration of flaws. 5 According
to the present invention there is provided a nethod of restoring a
netal lic conponent, the nethod conpri sing: (i) renoving
material froma region of the conponent to be restored in a 10nmanner
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i nsert havi a contact,K surface conpl enent ar ot cavity surface;
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surface; and (v) applying heat to the first repair insert
to fuUse the contact surface of the first 20repair insert to the
cavity s | AvaSEY WA ' | i
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on the neermpongrgythofmethed compaisidgt , and reduces the risk of

burn-t hrough of the Iiganment geonetry and unacceptabl e introduction
of 25further gross residual stresses. These benefits are particularly
rel evant in @)he remotimgtmaterial from a region of the component to be restored in a

10 manner which leaves a cavity in a surface of the component;
(i) establishing cavity profile data representing the profile of the cavity surface;

(i) using the cavity profile data to form a first metallic repair insert having a
contact surface complementary to the cavity surface;

15
(iv) applying the first repair insert to the component with the contact surface of
the first repair insert in contact with the cavity surface; and
(v} applying heat to the first repair insert to fuse the contact surface of the first
20 repair insert to the cavity surface.

A method in accordance with the present invention enables a repair to be conducted in
a manner which has minimal effect on the metallurgy of the component, and reduces
the risk of burn-through of the ligament geometry and unacceptable introduction of

25 further gross residual stresses. These benefits are particularly relevant in the context of
heat exchangers, which are pressure vessels for which any repair will require
certification to the relevant Lioyds criteria. Also, a method in accordance with the |
present invention can eliminate any requirement for post-weld heat treatment, which is
required if metal is added by way of a conventional fusion welding process utilising a

30 filler material such as a preform.



heat exchangers, which are pressure vessels for which any repair wll
require certification to the relevant Lloyds criteria. Al so, a nethod
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I s added by way of a conventional fusi-oh-welding process utilising a
30filler material such as a preform - 3 - The heat may be applied
to the first repair insert by neans of a | aser heat source. The heat
may be applied to the first repair insert successively to spaced
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t enperature cl ose I'ting poln e naterial of the 15
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repair insert. In the context of the present invention, the expression “substantial
heating” means heating to a temperature close to the melting point of the material of the

15  first repair insert. Consequently, while heating proceeds at each successively heated

location, thermal effects, such as thermal stressing and deformation, is limited in the
regions of the first repair insert away from the currently heated location.

The successively heated locations may be disposed on a predetermined path which is

20 followed by the means, such as the laser, which applies the heat. The profile of the first
repair insert may be monitored during the heating process, and the predetermined path
may be modified as necessary to mitigate any detected distortion of the first repair

insert.

25 In a specific method in accordance with the present invention, the heated locations
overlap one another whereby, following completion of the heat application to ail of the
heated locations, the contact surface of the first repair insert is fused to the cavity
surface over substantially the full area of the contact surface.



20 foll owed by the neans, such as the | aser, which applies the heat.
The profile of the first repair insert nmay be nonitored during the
heating process, and the predeterm ned path may be nodified as
necessary to mitigate any detected distortion of the first repair
insert. 25In a specific nmethod in accorgance with the present

I nvention, the heated | ocations overlap one anot her whereby,
follow ng conpletion of the heat application to all of the heated

| ocations, the contact surface of the first repair insert is fused to
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validate the fill strategy for each
It may sometimes be desirable to undertake one or more physical simulation(s) to
optimise the fill pattern, including the shapes of the repair inserts and the heating
sequence for the successively heated locations and to validate the fill strategy for each
15  specific geometry. Assessment and characterisation of the or each simulation may be

via non-destructive or destructive means.

Following the fusing of at least one of the repair inserts to the cavity surface or to an
exposed surface of a preceding repair insert, the method may comprise establishing

20 repair insert profile data representing the profile of the exposed surface of a respective
repair insert, and using the repair insert profile data to form a subsequent repair insert
having a contact surface complementary to the exposed surface of the preceding repair
insert. Alternatively, the contact surface of at least one of the subsequent repair inserts
may be formed using a predictive modelling technique on the basis of the form of the

25 contact surface of a preceding repair insert.

In an alternative procedure, the contact surface of a subsequent repair insert may be
formed by means of a moulding process utilising a mould impression taken from the
exposed surface of a preceding repair insert.

30



15 specific geonmetry. Assessnent and characterisation of the or each
simul ati on may be via non-destructive or destructive neans. Foll ow ng
the fusing of at | east one of the repair inserts to the cavity
surface or to an exposed surface of a preceding repair insert, the
met hod may conprise establishing 20 repéi-r insert profile data
representing the profile of the exposed surface of a respective
repair insert, and using the repair insert profile data to forma
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the resulting surface of the conponent may be finished to a desired
standard and profile by a suitable process, such as manual grinding.

For a better understanding of the present invention, and to show more clearly how it
may be carried into effect, reference will now be made, by way of example, to the
15 accompanying drawings, in which:

Figure 1 shows a heat exchanger;

Figure 2 is an enlarged view of the region 1l in Figure 1;

20
Figure 3 schematically represents a repair to the heat exchanger of Figures 1 and
2;
Figure 4 is a schematic sectional view representing another form of repair;
25
Figure 5 is a sectional view on the line V-V in Figure 4;
Figure 6 is a schematic representation of a fusing process in the repairs shown in
Figures 3 to 5; and
30

Figure 7 is a flowchart representing the repair process.



For a better understanding of the present invention, and to show nore
clearly how it may be carried into effect, reference will now be
made, by way of exanple, to the 15 acconpanyi ng drawi ngs, in which:
Figure 1 shows a heat exchanger; Figure 2 is an enlarged view of the
region Il in Figure 1; Figure 3 schematécally represents a repair to
t he heat exchanger of Figures 1 and 2; Figure 4 is a schematic
sectional view representing another formof repair; Figure 5is a
sectional viewon the line V-V in Figure 4, Figure 6 is a
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parti cul ar in the welds orative wor n such regions is
conduct edongductes] apindiows.

As a first step 81 (Figure 7), the location can be processed by manual grinding

10 which removes material to create a recess 12 in the respective header 2, 4 (Figure 3).
In Figures 3 to 5, the resulting cavity 12 is shown in the lower header 4, but it will be
appreciated that the freatment may also be applied to the upper header 2.

In Figure 3, the cavity 12 is shown as having a rectangular cross-section with a flat

15  base 14 and vertical side walls 16. However, the profile of the cavity 12 shown in
Figure 3 is schematic only and, although the general form is shown it will be
appreciated that the exact profile of the recess 12 will vary from case to case in
dependence on the condition of the part and the service running experience . Thus, for
example, the walls 16 may vary from the vertical, the path of the cavity 12 along the

20 header 4 may not be straight, and the depth of the cavity 12 may vary along its length.
Thus, the cavity 12 is a non-planar, complex 3D feature.

In step S2 of the process, the profile of the cavity 12 is determined by any suitable
process, such as photogrammetry or laser scanning, which provides cavity profile data
25  which, in step 83, is supplied to suitable equipment for forming a first repair insert 18.
For example, the cavity profile data may be input to a CAD-CAM equipment coupled o
a stereo lithographic process. A suitable machine for this purpose is an Electron Beam
Melting machine available from Arcam AB of Md&lndal, Sweden, which uses a powder
bed configuration. The repair insert 18 is formed by partial or full consolidation of the
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with di es or prolec ions (pylons) to control "heat ow as w |
descri betbripekbdnneat exchangers exposed to a stress corrosion cracking environment, such
as an offshore oil installation. If desired, the composition of the powder can be adjusted

or graded in order to control the mechanical properties.

20 It will be appreciated that the first repair insert 18 will have a contact surface 20 and an
opposite surface 22 which is initially exposed. The contact surface 20 has a profile
which is substantially complementary to the profile of the base 14 of the cavity 12, and
a periphery which conforms to the side walls 16. In step §4, the first repair insert 18 is
placed in the cavity 12 in contact with the base 14.

25
Once the repair insert 18 is installed in the cavity 12, itis fused in step S5 to the
substrate material of the header 4 by means of a laser heat source which may, for
example, be a fibre laser source and optic with a power output controllable from 200 to
1 kW and having a 1 to 2 mm spot size, giving an energy density in the region 250 to

30 0.3 kW/mm. The laser source preferably has pulse, high/low and on/off controls. In



10 Thus, in step 53, the first repair insert 18 is produced in the
formof a |layer having thickness in the range 350 to 500 microns. The
repair insert 18 has the sane all oy conposition as the substrate

mat erial of the header 4, which may be a titanium all oy

15(al pha/ beta, near al pha, CP etc) or a8steel or nickel alloy. Such
materials are suitable for use in heat exchangers exposed to a stress
corrosi on cracking environnent, such as an offshore oil installation.
| f desired, the conposition of the powder can be adjusted or graded
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shape, size and thickness of the repair insert 18 and established tc ensure that only

very small volumes of the repair insert 18 are heated at a time, in order to avoid the

15  generation of residual stresses in the repair insert 18. For example, successive
consecutive heated locations (dots 24) are preferably spaced apart by more than 1 mm,
for example by 2 to 3 mm to ensure that heat is dissipated from each heated location
24 after fusing at that location has occurred. The sequence of heated locations 24 may
be disposed in a checkerboard pattern, so that each heated location is separated from

20 the immediately preceding heated location 24 by at least one “square” of the
checkerboard. [t will be appreciated that the array of heated locations 24 need not be a
checkerboard array, not need the individual heated locations 24 be square. For
example, the heated locations 24 may constitute a series of polygons of near equi-
spaced nodes.

25
In some circumstances, it may be possible for multiple heat sources or a beam splitter
to be employed to achieve simultaneous heating of more than one heated location at a
time although, again, simultaneously heated locations 24 are preferably spaced apart

from each other.



5 |l ocations which are heated successively in turn by the |aser heat
source with the laser output in a very focussed state. Thus, each
heat ed | ocati on receives enough | aser energy to fuse the contact
surface 20 to the base 14 of the cavity 12, while the surrounding
region of the repair insert 18 is heat€@-only mninmally, if at all.
The fusing process of step 85 thus provides a series of heating and
nmelting events to tack the 10 repair insert 18 into position and to
fuse the repair insert 18 to the underlying material such that
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repair insert 18 as the heating process proceeds, to enable
corrective action, for exanple in terms of the energy of the |aser

pul se atreach heRi@trd GGAL rQShilfAisert 18 can be controlled to some extent by the

25 heating process. For example, grain growth tends to occur normal to the solidification
front of the molten material, and consequently control of the size and duration of the
pulses at the heated locations 24 can influence of the shape of the molten region. For
example a shallow molten region in a horizontal substrate surface will have a
substantial generally horizontal solidification front, causing grains to grow vertically, and



15 or in the predeterm ned path followed by the | aser source, or by

t he sequence of heated | ocations 24 to be exposed to a |aser pul se.
In the case of insert lifting, the pulse position and repetition
response is controlled to standardi sed and pre-progranmed responses
in an automated expert system Thus, f-of0-exanple, if any part of the
repair insert 18 appears to be lifting fromthe base 14, the |aser
heat source could be diverted 20 fromthe previously predeterm ned
path to apply pulses to one or nore of the locations 24 in the
lifting n
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As mentioned above, the exposed surface of the repair insert 18 may be provided with
dimples or pylons to facilitate heat flow into the substrate of the material surrounding
the cavity 12, and in order to provide reinforcement to the repair insert 18 so as to avoid
25  buckling or wrinkling. If the repair insert 18 is made by a stereolithographic process,
the pylons may be a remnant feature of the support structure required in the insert's
additive manufacturing process. Other techniques for achieving a compressive residual
stress in the repair insert 18 may be used, such as burnishing, laser shock peening or
impact peening. Also, a manual or automatic dressing operation may be performed on
30 the repair insert 18, or a glazing surface wash may be performed in which the exposed

surface 22 of the repair insert is heated to perform a shallow remelting operation.



20stress.. As nentioned above, the exposed surface of the repair

i nsert 18 may be provided with dinples or pylons to facilitate heat
flowinto the substrate of the material surrounding the cavity 12,
and in order to provide reinforcenent to the repair insert 18 so as
to avoid 25buckling or winkling. If thEl +epair insert 18 is nade by
a stereolithographic process, the pylons may be a remant feature of
the support structure required in the insert's additive manufacturing
process. Qther techniques for achieving a conpressive residual stress
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t he same. manner as descri bed above for the first repair insert 18,
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an Arcam type powd bed process. As indicated in Figure 3,
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be enplo éi e lx|(c:))osed surface, of the fiF | repair insert 34, or
oy oF ¢ Haderfrkeypeal SLBrasEant Panstint BoppotosEY. 34T or der 1o

undeg4 ake | ocal fluorescent penetrant inspection (FPI). 15 Each

subsequent repair insert 28 to 34 is fused to the repair insert
i mmedi at EROh BebsRAUent fepairieserhAd tadhifdfused tadedepaie insgrdmenadiatply below it

reference 0 LA hhhidr 4£884drbkASBbYe With rdfdfence to the first repair insert 18. The

fusing of each layer to the one beneath it may also result in remeiting of previous
layers, which reduces the risk of gross porosity within the layered structure. [tis

20 desirable for all of the fusing operations, including the period while there is residual heat
in the substrate or in the layers, to occur in an inert environment, for example within a
gas shield of argon or helium. The pattern of the fusion pulse fill sequence is
specifically determined to prevent undesirable gas encapsulation.

25  Figures 4 and 5 shown an alternative configuration of the cavity 12 in which, instead of
being of generally rectangular profile, the cavity 12 has a curved profile, both in the
longitudinal direction (as visible in Figure 4) and the transverse direction (as visible in
Figure 5). The repair inserts 18 and 28 to 34 are formed and built up as described
above with reference to Figure 3, although it will be appreciated that the subsequent

30 repair inserts 28, 30, 32 will need 1o be reduced successively in size in order to conform

to the exposed surface 22 of the immediately preceding repair insert.



fusing of each layer to the one beneath it may also result in
renmelting of previous |ayers, which reduces the risk of gross
porosity within the layered structure. It is 20desirable for all of
the fusing operations, including the period while there is residual
heat in the substrate or in the |layers,172-0 occur in an inert
environment, for exanple within a gas shield of argon or helium The
pattern of the fusion pulse fill sequence is specifically determ ned
to prevent undesirable gas encapsul ation. 25Figures 4 and 5 shown an
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interfere with one 10 another, instead of the overl appi hg arrangenent

shown in Figures 4 and 5. Foll ow ng
15  Although Figure 3 shows a stack of repair inserts 18, 28 to 34 which are formed at their

peripheries to contact the vertical sides 16 of the cavity 12, at least some of the repair
inserts may be formed s0 as to have a portion which extends upwardly from the base
14 over the sides 16. Thus, for example, the first repair insert 18 may have a portion
corresponding to the repair insert 18 shown in Figure 3 and extending over the base 14,

20 a pair of side portions extending over the side walls 16 of the cavity 12, and one or
more tabs extending over the surface of the header 4 to assist in locating and retaining
the repair insert. The tab may act as a datum location feature for the proceeding
layer(s) formed by the repair inserts 18 and may also act as a holding feature during
tacking, in order to maintain alignment and position.

25
Although the shapes of the subsequent repair inserts 28 to 34 and in particular the
profiles of their contact surfaces 20, may be formed as described above by
measurement of the exposed surface 22 of the repair insert to which they will be

applied, other methods may be employed. For example, a moulding composition may



conpletion of the stack of repair inserts, the |locating tabs 36 may
be renmoved in a suitable machining operation, for exanple by manua
grinding, which nmay al so serve as a final finishing operation on the
repaired surface, indicated as step 8 in Figure 7. 15 Al though Figure
3 shows a stack of repair inserts 18, 28to 34 which are forned at
their peripheries to contact the vertical sides 16 of the cavity 12,
at |l east sone of the repair inserts may be fornmed so as to have a
portion mhich ext ends upmardly fromthe base 14 over the sides 16.

Thus, for i
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28 to 34 and 1 nparticular e pro l'es o r contact” surfaces 20,
may be formed as described above by neasurenent_of t he exposed
surface 22,9 d[EHGa gafr inge Baefe 2‘8‘% W :Jabﬁé'f%ié’ﬁ'eh ’Ehee @é{ﬂ& 1%%%%}‘”
met hods may or ex arrp a ’‘nou

13 - be pn&&ﬁemaansofdriwam\le by/rribiluabontaakemam nmnmmloonpoésmlhesmg or

can 86 uSelhitEedoetion ok AR S EREELIEERh e uila TPRGBRS, <

f or ned. gﬁg@@tn@iscoprécﬂaa;gnmtbl e to predict relatively accurately
what the profile of the exposed surface 22 of at |east one of the

repair inserts 518 will be, an in such circunstances the formof the
cont act W&E)rﬁ@%ﬁ@ﬁm&f&%c%%r @%’rﬁﬁl@dbxrﬂgrer tﬁ@%étofd"l'l%ﬁ rlé réﬁﬁ'reg%s a result of
deternined by predictive nodelling. The individ air inserts 18,

28 to 34Weayob®iei m@nn%(ﬂuﬁ{ht%eth@mm gxchanggr %hwvrsmu igwes nenthd) rathar
S TN oA T e TBALRM, bt PP RED H5400.9 oy
i nst al | apradite,amevhiah case the repair inserts 18, 28 to 34 may be produced in advance wnth
at least the first repair insert 18 formed with a contact surface 20 derived from a
standard model cavity 12, rather than direcily from the cavity 12 actually formed in the
component.
20
A method as described above enables a fully adaptive custom-fit restoration process to
be developed {o suit the particular target recessed geometry occurring in a component,
as opposed to the original geometry, is pait of the restoration process. The method
enables the original geometry prior to the creation of the recess to be restored, to tight
25 tolerances, without excessive accumulation of heat between the pulses on a large
volumetric scale, which can result in undesirable distortion of the substrate material.

The repair process can especially be conducted when access is restricted.

The repair inserts may be made from the same or different alloy as the substrate

30 material



ensure their correct alignment,. In sonme circunstances, for exanple,
where the restoration is required as a result of wear of the
conponent (such as the heat exchanger shown in Figures 1 and 2)

rat her 15 than uni que conponent specific features , the cavity 12 nmay
be forned to a known profile, in which®ase the repair inserts 18, 28
to 34 may be produced in advance with at least the first repair
insert 18 formed wth a contact surface 20 derived froma standard
nodel cavity 12, rather than directly fromthe cavity 12 actually
formed i (algtoay > Hﬁﬁmﬁ i ;
fully adggﬁlﬁéﬁ%ﬂ% Om’hag%@g@t orati @r@%ﬁ%?@ggwtgﬂ%? e\%terﬁ%gggﬁfaﬁlsdgi t
t he part gragsgroresitygethe eepaireddegiennand gvaids signifingnti heak affestpd mones ottbe
opposed . | Qi . j rt of the restoration process.
The nethh%x@ﬁgﬁ é% iﬂ§k8?§§?ﬁ%ﬁga%%%ﬁﬁgy prior to the creation of the
recess to be restored, to tight 25 tol erances, w thout excessive
accunul ati on of heat between the pulses on a |large volunetric scal e,
which can result in undesirable distortion of the substrate nmaterial.
The repair process can especially be conducted when access is
restricted. The repair inserts nmay be made fromthe sanme or
different alloy as the substrate 30material. - 14 - Use of the

nmet hod may avoid requirenent for post-weld heat treatnent and avoids
gross porosity in the repaired region, and avoids significant heat
affected zones of the repair inserts or of the underlying substrate.

- 15 - CLAIMS 1A nethod of restoring a netallic conponent, the nethod
conprising the steps of:



5 (i) renmoving material froma region of the conmponent to be restored
in a manner which |eaves a cavity in a surface of the conponent; (ii)
establishing cavity profile data representing the profile of the
cavity surface; 10(iii)using the cavity profile data to forma first
nmetallic repair insert having a contacfs surface conplenmentary to the
cavity surface; (iv) applying the first repair insert to the
conponent with the contact surface of the first repair insert in
contact with the cavity surface; and (v) applying heat to the first
repair insert to fuse the contact surface of the 15first repair
insert to the cavity surface; wherei@A¥Sstep (v), the heat is
applied to the first repair insert successively at spaced | ocations
on the first repair insert so as to fuse the contact surface of the
first repair insert to the cavity surface successively at the
respective | osatdtiosbof rafiloving afrstalie comppharitngemesthod compesifg thgtsteps of:
repair insert successively at spaced |ocations overlapping wth the

| ocatPons heated in step (v) such that, follow ng conpletion of the

heat appli catfion tremalihgdatbiig floaad eshidrosithe ebmpobéte 16 BB réRéred Ut hace
of the first repair insert is fused to the cavity surface over
subst anti al |y t he MNNer Which 18avasfecavin i@ Budanes fdiae compPoneitet hod as

claimed in cl@ m betdshifg e8vilygRbfile BaiitBbfeREntiny thBPrdrii& &f the@BAHY
i nsert by nmeans of a |aser.
surface;

10 (ii)  using the cavity profile data to form a first metailic repair insert having a
contact surface complementary to the cavity surface;

(iv)  applying the first repair insert to the component with the contact surface of
the first repair insert in contact with the cavity surface; and
(v)  applying heat to the first repair insert to fuse the contact surface of the

15 first repair insert to the cavity surface; wherein
in step (v), the heat is applied to the first repair insert successively at
spaced locations on the first repair insert so as to fuse the contact surface
of the first repair insert to the cavity surface successively at the respective
locations;

20 (vi) further applying heat to the first repair insert successively at spaced
locations overtapping with the locations heated in step (v) such that,
following completion of the heat application to all of the heated locations,
the contact surface of the first repair insert is fused to the cavity surface
over substantially the full area of the contact surface.

25

2 A method as claimed in claim 1, in which heat is applied to the first repair insert
by means of a laser.

3 A method as claimed in claim 1 or claim 2, in which consecutive ones of the
30 successively heated locations of step (v) and / or step (vi) are spaced apart from

each other by not less than 1 mm.



3A nethod as clainmed in claim1 or claim2, in which consecutive ones
of the 30successively heated | ocations of step (v) and / or step (vi)
are spaced apart fromeach other by not less than 1 mm -16- 4 A
method as clained in claim3, in which consecutive ones of the
..successively heated |ocations of step {v) and / or step (vi) are
spaced apart from each other by not |less than 2 mm A nethod as
claimed in any of the preceding clains, in which heating at each

| ocation causes substantial heating of |ess than 1% of the total
volume of the first repair insert. A nethod as clained in any of the
precedi nd cl afreethpd agsladned eclained ds ¥inied| opnaeeitize onee at thesycegssively
di sposed on a : 'gﬁ&js : I i | [N
whi ch t he pro??ﬁstggo %'Pﬁae irtéé)@wng\( ?P%tﬁ@@fﬁ‘ﬁe?p%%%tg %érrggsﬁﬁéra{ahgﬁ lF']t&l‘rqe
heati ng procebygnoidask thae 2onedet er mi ned path is nodified as necessary
to mtigate any detected distortion of the first repair insert. A

nmet hod as clainmed in any of the preceding clainms, in which, follow ng
conpl gti 6n of Atnhethaghpé clairhedim fy didied preocedihg clatms, e whehthedtih@abdacbns,

'l udes o pl GPai 6 e el Beetngleless 188 Joa it lpl 0l ¢3RE ARt

any of the pregadimercl ains, in which, followi ng the fusing of the
first repair insert to the cavity surface, at |east one subsequent
repair insert is applied to a preceding repair insert, and heat is

appl i ed g0 thg niRsEES BBImELPENy df FESprecéding Biafnd, RewRIKAIRS B GessitaRl T
insert to the preceding repair insert.
10 heated locations are disposed on a predetermined path.

7 A method as claimed in claim 6, in which the profile of the first repair insert is
monitored during the heating process, and the predetermined path is modified as
necessary to mitigate any detected distortion of the first repair insert.

15

8 A method as claimed in any of the preceding claims, in which, following
completion of the application of heat to all of the heated locations, heat is applied
to a region of the first repair insert, which region includes a piurality of the heated
locations.

20

9 A method as claimed in any of the preceding claims, in which, following the
fusing of the first repair insert to the cavity surface, at least one subsequent
repair insert is applied to a preceding repair insert, and heat is applied to the
subsequent repair insert to fuse the subsequent repair insert to the preceding

.25 repair insert.

10 A method as claimed in claim 9, in which heat is applied to each subsequent
repair insert in a manner in accordance with any one of claims 2 to 8.



10A nethod as clainmed in claim9, in which heat is applied to each
subsequent repair insert in a manner in accordance with any one of
claims 2 to 8 -17- 11 A nethod as clainmed in claim9 or 10, in

whi ch, followi ng the fusing of at | east one of the repair inserts to
the cavity surface or to an exposed sujface of a preceding repair
insert, the nethod conprises establishing repair insert profile data
representing the profile of the exposed surface of a respective
repair insert, and using the repair insert profile data to forma

subsequent repair insert_ having a contact surface conplenentary to
the expoddd stmpeibed 8¢ claffeedhined@i) %8‘?%&WP'¢n?@?W’PQg\Rﬁ§FWf§¥ least

claimed in any,opeinefrepdieindEric®dh8 atilydiuice bPtoMH gigdgrsefsﬁﬁyéeta‘ra

profile data or the repair insert profile data used. ormng the
repair insertpreceding repaitinggib tiod metiwdrenpirises astaplishingrepgir dsertdielde by
means of a noyldi ' r j PR
Tmaort Lo’ pr oyt HcoeRaREBe PRlq (RE¥ibdscllpuPlor B REPEPRI IR RRLE,
one of the prauwkdsingthe repais jnsert pibile datatto ferasa sopeegotnt iepair ésaithaving

or retain i het potpeaToge PanBeflaridhuic A Phor i it e/ Beaf Ry

or With respeigterto a preceding repair insert. A nethod as clainmed in
claim13, in which a plurality of the repair inserts have respective
| ocating el enents, the |locating el enents being offset from one

anot her apout Atri@hdiess BERIdER Dl drRSftIRSIeekdiNG clagPgiif walcBtBa tavityA
nmet hod as clained in anx one .of the precedi ng claing, in which the or
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the cavity or on the preceding repair insert to provide dimensional information.

13 A method as claimed in any one of the preceding claims, in which at least one of
15 the repair inserts is provided with a locating element which is used to locate or
retain the respective repair insert with respect to the component or with respect

to a preceding repair insert,

14 A method as claimed in claim 13, in which a plurality of the repair inserts have
20 respective locating elements, the locating elements being offset from one
another about the peripheries of the respective repair elements.

15 A method as claimed in any one of the preceding claims, in which the or each
repair element has a thickness not greater than 0.5 mm.
25
16 A method of restoring a metallic component, as claimed in claim 1 and

substantially as described herein.
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