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

particul arly, 5although not exclusively, concerned with renedi al work
to elimnate weld cracking in wel ded coffponents. 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 Cﬂm?ﬁﬁmhmlﬁﬁ g‘lﬁfﬁfEﬂﬂi@ é%@o@ﬁf for e

than 8 tonnes. In >

exchanger is fabricated froma series of titaniumalloy panels which
are manufactured in a diffusion bonding and superplastic form ng
process, and which are united in an assenbly by joining themto upper

and | ovetjdingdstich Ryafeeay ¥ rhalfvd®f feBidtingBikidtalR@esmplofeht AA@R pdRicularly,
inert ga S. Heat treatnent of the assenbly after wel ding can

s) weld
caus® uﬁﬂé@mgfaﬁobemllﬂ%ivﬂyr ednRpEInE® withgemadial iveork toelisdrateovald erackingin
feature SOCI jth the welds can be elimnated by manual
gri ndi ngve?cﬁe&fgérﬁfagg%% cause an unacceptable |l oss of material |eading
to geonetric thinning in critical locations, for exanple in the
| i gament s between adj acent panels. 20 It is desirable to restore the
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deposition t ques. S0, Ssin process w
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after grindi is non-standard, and this can further 25limt access .
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metal spraying on to a separation sheet which is subsequent
separ at athidhr aie mhsufackiredrin aTdifupiopbondingand hepepastiatfounidd shegess, apd

which are united in an assembly by joining them to upper and lower headers by heavy
15 15 mm thick multi-pass TIG (fitanium 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
It 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 preformwhich can
reduce nechani cal strength and form futédre stress concentration
features which may contribute to the generation of flaws . 5
According to the present invention there is provided a nethod of
restoring a netallic conponent, the nethod conprising: (i) renoving
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conmponent wth the contact surface o repalr insert in
cont@ct with the cavity surface; and (v) applying heat to
the firgt r

epair insert ta fuse the contact, surface of .the first .
20r epai PePREL (o RS eAUry i Hce R bRt ol o et Rimapatic
the presempohBNEfie AetRE@RbMPridingepai r to be conducted in a nmanner
which has mnimal effect on the metallurgy of the conponent, and

reduces
(i) removing material 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 Lloyds 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.



the risk of burn-through of the |iganment geonetry and unacceptabl e

I ntroduction of 25further gross residual stresses. These benefits are
particularly relevant in the context of heat exchangers, which are
pressure vessels for which any repair wdl-1 require certification to
the relevant Lloyds criteria. Also, a nethod in accordance with the
present invention can elimnate any requirenent for post-weld heat
treatnent, which is required if netal is added by way of a
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relatively snmall . _
location to cool after fusing at that location has occurred.

10 Heating at each location may cause substantial heating of only a relatively small
proportion of the total volume of the first repair insert. For example, heating at each
location may cause substantial heating of less than 1% of the total volume of the first
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 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.



proportion of the total volune of the first repair insert. For
exanpl e, heating at each |ocation may cause substantial heating of

| ess than 1% of the total volune of the first repair insert. In the
context of the present invention, the edpression "substanti al

heati ng" neans heating to a tenperature close to the nelting point of
the material of the 15first repair insert. Consequently, while
heati ng proceeds at each successively heated | ocation, thernal
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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 mouid impression taken from the
exposed surface of a preceding repair insert.

30



5Fol l owi ng the fusing of the first repair insert to the cavity
surface, at |east one subsequent repair insert nmay be applied to a
preceding repair insert, and heat may be applied to the subsequent
repair insert to fuse t he subsequent re§a1r insert to the preceding
repair insert. Thus, a plurality of repair inserts nmay be built up
within the cavity. Heat nmay be applied to each subsequent repair
insert in a manner as defined 10above, with regard to the application

of heat st Q4d1®nkidiihe rr@[%ﬂf fnsle ﬁ%P%E{){%‘ﬁ% (?Wfﬁtd [Beatifg e %ﬁ%ﬁ%iﬁhﬁ@used

undertake one or nore physica trm
pat t er nfo latataidt rgainkibeshpaie snseit wiile respeat to thmmsomd d:rhretrhmbbmgto a

i1 ot Py e el BRo s G B Rtk S ey s St Bavepronagile localing

char act eldragits OtheObcatiley Blen®REE nfayThd %Hb@ﬂTrélﬁhr#éeaﬁ’dtﬁeP%‘cLﬂ%é [p’é?lbhé‘ﬁes
or destructive neans. Foll ow ngﬂthe fusing of at |east one of the

repadr Ch¥wer tespeetiveheepsinelemenis.f ace or to an exposed surface of a
preceding repair insert, the nethod may conprise establishing 20
repair insert profile data representing the profile of the exposed

sur f ace Tok & gaebpephir eferhepamayibeseldtiveRNgirl Somgkdmigie RRMJ a ithisRidss not
profile data to forma subsequent repair insert having a contact

sur f ace JtRABI B@BH-arym; o‘\ftlﬁéstefiaf&aé%e@mmaé@ @rmekee 'Wﬁﬁ@&%ﬁ&ﬁﬂ

t
et sAbLALIR ueltord Reng oL asin s {208 o R 883k ORBOL A sopic
t echhi qasd dused) ¢hd assisting smﬂﬁacé of tieafontben e coant iaefmwlmeﬁaoa ddsid

d . | t t d th t act
U T ace SONCERE AR eaon v 2 BulibIE peaiesSrayh B R HA Sy WGans of o

nmoul di ng process utilising a nould inpression taken fromthe exposed
surface of a preceding repair insert. -5.. At |east one of the
repai r Fasahesterandestanding vétheptaseat Inveatiomenal ‘@mmw wiire Ielgaslyusmd it

to | ocat e peeéfrtr%gqa{ohgﬁéc?,plaefére'nrég%ﬁ n‘c’a“wtbhe Fn%sd%eg a 1'h eexa%%:rﬁgotrc]a tﬂt

or with'r
15 accompanying drawings, in which:

Figure 1 shows a heat exchanger;

Figure 2 is an enlarged view of the region Il in Figure 1;
20

Figure 3 schematically represents a repair to the heat exchanger of Figures 1 and

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.



preceding repair insert. If a plurality of the repair inserts have
respective locating elenents, the |locating elenments nmay be of fset
from one anot her about the peripheries 50of the respective repair

el ements. The or each repair elenent may be relatively thin, for
exanpl e having a thickness not greater than 0.5 nm At |east five,
for exanple 10 or nore, inserts may be applied successively as |ayers
to fill the cavity. Once all the required | ayers have been applied 10
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schemat kentigfegsRTbpdwen of a fusing process in the repairs shown I n
Figures 3 to 5; and 30 Figure 7 is a flowhart representing the
repair process.

As a first step S1 (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 &, the resulting cavity 12 is shown in the lower header 4, but it will be

appreciated that the treatment 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 photogrammefry or laser scanning, which provides cavity profile data
25  which, in step S3, 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 to
a stereo lithographic process. A suitable machine for this purpose is an Electron Beam
Melting machine available from Arcam AB of M&indal, Sweden, which uses a powder

bed configuration. The repair insert 18 is formed by partial or full consolidation of the



- 6 - The heat exchanger shown in Figures 1 and 2 conprises upper and
| ower headers 2, 4 and hol |l ow panels 6. The panels 6 are fornmed from
titaniumall oy by a diffusion bondi ng and superplastic formng
process. The panels 6 are wel ded at thei’r- ends to the headers 2, 4 by
15 mmthick nulti-pass TIGwelds 8 As indicated in Figure 2,
S5adaptive restoration nmay be beneficial in the region 10 of the
headers 2,4 between adjacent panels 6, and particularly in the welds

8. Rest ' i ' i G . . \ .
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respective header 2, 4 (Fiﬁure 3).,. In Figure to 5, the resulting
cavity Eﬁ?esuglﬂamompqrﬁgn%\%arn APEPUCH(IY 14 will be appreci ated
that the treatnment nay al so be applied to the upper header 2. In

Figure 3, the cavity 12 is shown as having a rectangul ar

cr osB- sdei pawagriar tef pawdasted procesamiaw e manufagiits inenyssuitble way, for
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that the exact profile of the recess 12 will vary fromcase to case
I n dependence on the condition of the part and the service runnin
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straight, the cavi may vary along rts | ength.
Thu$®) the cavity 12 is a non-planar, conplex 3D feature.

Thus, in step §3, the first repair insert 18 is produced in the form of a layer having
thickness in the range 350 to 500 microns. The repair insert 18 has the same alloy
composition as the substrate material of the header 4, which may be a titanium alloy

15 (alpha/beta, near alpha, CP etc) or a steel or nickel alloy. Such materials are suitable
for use in heat 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 S4, 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, it is 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 puise, high/low and on/off controls. In



In step 52 of the process, the profile of the cavity 12 is determ ned
by any suitabl e process, such as photogrammetry or | aser scanni ng,

whi ch provides cavity profile data 25which, in step S3, is supplied
to suitable equipnent for formng a first"repair insert 18. For
exanple, the cavity profile data may be i nput to a CAD- CAM equi pnent
coupled to a stereo |lithographic process. A suitable machine for this
purpose is an El ectron Beam Melting machi ne avail able from Arcam AB

of MJ ngedp SEeREAseMbbIFBe Y5689 aHRWE Bhe Bﬁ‘ﬁoéé%ﬂ&hﬂéﬁeaéﬂtﬂ@ reﬁﬁ@xﬁs%@@w
insert 18 |s formed b partial or full consolidation of

al | oy pé#eeidingta aeredpiatmiesmathi %ucar@sswewuamlyln@m@eaatmgoam I@aaﬁlqrys on
profil etl‘?@‘f’ég)a%clﬂgéftq(é ‘?.—1% c{ﬂﬁg q%zschgﬂ{hﬁﬁgr@n}#%yhé gewhﬁ:?@eg %3%3%{

is able onf orm subs reci se e uni que

t he rraneabbslecgsmtﬁmb obthiet neph.inSerThe. Thediits arin Figurp@wgredead spaced
process q%l facéured I n any suitable way, for exanple by
at on? sat9GHions eated Bicses ﬁe@l”é@imd%!’ethﬁr'%%%rsfﬁee(t%me W‘fﬂ e laser

eXpﬁsedo%kHJt%:ﬁ\%? F%Os@@d 8" atrlug éga?hgatelaq%) eat% ﬁ/egré)r}’dt%]ﬂqa%er

di npl'es or projections (pylons) to contro oW as
descri bedetgy tovﬁusama'huetact augace 283 thenbade 14 tof thepaavityi 13 ertileliBei s
produced in the f er . havi t.hi ckness in.the range 350 to.
500" m cruirun g Pap Prelber AL isedstant mbymeluber sl ohradiing
the subgtsiise dTatas 58lthaé p%\ﬁdé‘@é%%ﬁeéof%hﬁﬁg BRY nb@ng? tewéﬁ&' terfaal {r@/

15(al pha/ beta, near al pha, CP etc) or a steel or nick
mat &9 i arepair @sedi Baipiepesitiongadita fh%%xtheese@ﬁang@ert 1 éi@@@dmi@rh&ng ma;ssal

Corr osi Q oi | _instal I
7 desi ol MR ABeRRUIS RYMAGhood HERsE T CakbBeRL oy e enlict ol
i n or detodation®4[ ahd tie paticfudioivedl bypthepgsdr tirce8id bépdkebe the partucular
appreciated that the first repair insert 18 will have a contact

sur f acesﬁép%rfdz%ﬁngﬂb'@gﬁ“?%s Qlthederal msgit t%hand esiaklished jo @ﬁﬁﬁ@efﬂat Rl
contact é EFFV%Q't ﬁh@rl‘%hé,r?né’%le% aféns glfaacandﬂlel i Sr‘a fﬁ?%

to the pr Pase cavity a’ peri ery
confor rrgeneratebe cs‘lrelssdual $teesk@s ih thes tegmiSdsettHE. fRorsxangda) sudoeseive 18
's pl acggnéé]cuttlr\}g hcaYeé Yoca%ons (&é)tgtﬁﬁtarc\e/mpf'e erab?y spacedlapart 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. It 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 constituie 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.



25 Once the repair insert 18 is installed in the cavity 12, it is
fused in step S5 to the substrate material of the header 4 by neans

of a |l aser heat source which may, for exanple, be a fibre |aser

source and optic with a power output coftrol lable from200 to 1 kW
and having a 1 to 2 nm spot size, giving an energy density in the
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responses in an automated expert system. Thus, for example, if any part of the repair

insert 18 appears to be lifting from the base 14, the laser heat source could be diverted
20 from the previously predetermined path to apply pulses to one or more of the locations
24 in the lifting region in order to fuse that region to the base 14 fo prevent further

lifting.

The grain structure of the repair insert 18 can be controlled to some extent by the

25 heating process. For example, grain growth tends to occur normail to the solidification
front of the molten material, and consequently control of the size and duration of the
puises 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



exanpl e, the heated | ocations 24 nmay constitute a series of polygons
of near equispaced nodes. 25 In sone circunstances, it may be
possible for nultiple heat sources or a beamsplitter to be enpl oyed
to achi eve simultaneous heating of more!@han one heated location at a
ti me al though, again, sinultaneously heated | ocations 24 are
preferably spaced apart fromeach other. - 9 - The volune of the
repair insert 18 heated at each heating location is small in relation
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exposed 9l FRIaBeaE be dartBIRad IhGart ARgkes Arorartics tine Gray insert 18,
diffraction pattern which is forned via a stereo observati on system

with the capability to maintain one or nore positions of illumnation
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i ngteafetiu et BB oheHrtor Rl Rbrurssusy s HauRg cbfTgaongs
st andar Wh&ﬂhﬁbrﬁﬂﬁbdé"s&nﬁﬁfﬁf [ETREHEE IRRUIRAS 240 ABird Qgﬁicﬁge@é?@f,tor a raster
system Thus, for exanple, if any part of the repair insert 18
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structu of the repair insert 18 can be controlled to sone extent b
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the 25n8lpPYgp Progiess retsvingigating orpration graiispedareed gsbede same faser
normal L9 {dReSiMd &f theIMdted locations 24, other heat sources may be employed such as

electron beam welding, convection heating, etc. A key aim of the secondary heating
process is to provide a controlled heat treatment which results in minimised residual

20  stress..

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 materiai 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 stereclithographic 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 repairinsert 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.



front of the nolten material, and consequently control of the size
and duration of the pulses at the heated | ocations 24 can influence
of the shape of the nolten region. For exanple a shallow nolten

region in a horizontal substrate surfacé'will have a substanti al
general ly horizontal solidification front, causing grains to grow
vertically, and - 10 - so be elongate or close to the vertical

direction. Arelatively deep nelt pool with have upwardly extendi ng

sides, Ay WRiceleDERST, SERUSD (W &b ARC FdHe 88 RIS b)éeélgéﬁgréhéh‘-insgﬂés?& Thus,
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convection heating, etc. A key aimof the secondary heating process

i s to ptsfinRl rapaisiisest bt oftthedndieidualvepel inssytd 18, 2hinshimbrsied to
resi dua ' . osed surface of the
repair !‘Jﬂégﬁ%ﬁﬁ’%ﬁw@@?gg?@i}?%ﬁegr W ﬁs(?gg#r{r%l?é@ T pylons to facilitate

heat5fl ow into the substrate of the material surrounding the cavity

12, and_in order to provide reinforcenent to the repair insert 18 so
as to aE@FBS@ BEAKERtHEPaY 'wqrhi%g it g4 Iﬁ@ﬁé%%é@paw inserttimpeedigtepplriow it

by a st & § ddrHQH AU GIQELEBEA above with reference to the first repair insert 18. The
fusing of each layer to the one beneath it may also result in remelting of previous
layers, which reduces the risk of gross porosity within the layered structure. It is
20 desirable for ali 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 puise 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 to be reduced successively in size in order to conform

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



the pylons may be a remant feature of the support structure required
in the insert's additive manufacturing process. O her techniques for
achi eving a conpressive residual stress in the repair insert 18 may

be used, such as burnishing, |aser shockZpeening or inpact peening.

Al so, a manual or automatic dressing operation may be performed on 30
the repair insert 18, or a glazing surface wash may be perforned in

whi ch the exposed surface 22 of the repair insert is heated to

perform r i tih Q5 Walal
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relieving or surface gl dzing operations as referréd to above in

conm@ct iaonthairt instdsel dfithetovedpppingiarserenisht shoval inFigureschamd) Sneollbering

enpl oyed on, the exposed surface.of the final. repair_insert 34, or. any
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repair insert 28 to 34 'is fused to the repair insert™inmed ately

bel ow i & final finghkwneperatioe ondbe degairethedfadsovrdionter asestep Snodigwret he
first repair insert 18. The fusing of each |ayer to the one beneath

it my also result inrenmelting of previous |ayers, which reduces the

ri sks of A&h@&?h Fogurei3 shows Bigtadier lepririesbrad 181C1811L34 Whidtare formed at their
20desirable for all of the fusing operations, including the period

whi | e t REFiBheres kseeniact heaterticel sidessifbst that@vey 12nat Ieast sgmpf therepair
e | R 8] eSS LA B Pt bess
speci fi ddldver tlet eidesriéd Tlugpfevermpledis firabiepajdasend8paay abiven. 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 compaosition may



25Fi gures 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 |ongitudinal direction
(as visible in Figure 4) and the transvéBse direction (as visible in
Figure 5). The repair inserts 18 and 28 to 34 are fornmed and built up
as descri bed above with reference to Figure 3, although it wll be
appreci ated that the subsequent 30repair inserts 28, 30, 32 will need
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12 will open laterally or downwar ds. The tabs 36 of successive repair
inserts_18, 28 to 34 may be offset with respect to one another around

the per ilfgdngivisiual ﬁ@oaiwéfeﬁta 18 2810 o map&erinstalied instheocavifyyl 2dey Aoy
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operation, for exanpl%? Bé manual grinding, which may al so serve as a
final fler'?ﬁgfﬁ%'r YN8 bhe repaired surface, indicated as step
8 in Figure 7. 15 Although Figure 3 shows a stack of repair inserts
18, 28 to 34 which are fornmed at their peripheries to contact the
vert i calln spohescidnustandss, davéxample, wierd testestmationis tduypinedEs a result of
i nserts
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profile, in which case the repair inserts 18, 28 to 34 may be produceci in advance with
at least the first repair insert 18 formed with a contact surface 20 derived from a
standard model cavity 12, rather than directly 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 to suit the particular target recessed geometry occurring in a component,
as opposed to the original geometry, is part of the restoration process. The method
enables the originat 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.



20a pair of side portions extending over the side walls 16 of the
cavity 12, and one or nore tabs extending over the surface of the
header 4 to assist in locating and retaining the repair insert. The
tab may act as a datumlocation featurel4or the proceeding |ayer(s)
formed by the repair inserts 18 and may al so act as a holding feature
during tacking, in order to maintain alignment and position. 25

Al t hough the shapes of the subsequent repair inserts 28 to 34 and in

parti cul i hej ¥:
P esor el e Br bl Mol v e At oD ARGA et BB IR ] Fias
repair igness porosityii e nepairediregiobeangpioidd signitieemt ineahatfectedyzobes of the

enpl oyed, For exanpl a uldin onpaosition may - 13 - be pressed
into thée%ac{(/lntsﬁﬁfgﬁtogtQ%H@%W'P%%F@%@Sn of the exposed surface 22 of
the preceding repair insert, which inpression can be used to forma
moul d in which the subsequent repair insert is fornmed. Sonetines, it
is possible 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 contact surface of the next
succeeding repair insert may be determ ned by predictive nodelling.
The individual repair inserts 18, 28 to 34 may be installed in the
cavity 12 by any suitable nmeans, for exanple by manual or automatic
mani pul ati on, possibly using or 10holding the |ocating tabs 26 to
support the repair inserts during installation and to ensure their
correct alignnent,. In sone circunstances, for exanple, where the
restoration is required as a result of wear of the conponent (such as
t he heat exchanger shown in Figures 1 and 2) rather



15 than uni que conponent specific features , the cavity 12 nmay be
formed to a known profile, in which case the repair inserts 18, 28 to
34 may be produced in advance with at |east the first repair insert
18 formed with a contact surface 20 der®red from a standard nodel
cavity 12, rather than directly fromthe cavity 12 actually formed in
t he conponent. 20 A nethod as descri bed above enables a fully
adaptive customfit restoration process to be developed to suit the
particular target recessed geonetry egaqjffd ng in a conponent, as
opposed to the original geonetry, is~part of the restoration process.
The net hod enabl es the original geonetry prior to the creation of the
recess to be restored, to tight 25 tol erances, w thout excessive
accurrul ati on of heat between the pulses on a |arge volunetric scale,

whi ch can reauhéthbl offdediingl Metifd esrhpenem! tHwemtbtsmbasiAgt eri al .
The repair process can especially be conducted when access is

restxicted. The repair inserts may be nade fromthe sane or
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af fected zongs of the rerﬁ)air inserts or of the underlying substrate.

- 15 - cLAIlib 1.estebligung cayibspiofishgata reprenenting daaperide of theneavity
met hod conpri si nggyrface:

10 (iiiy  using the cavity profile data to form a first metallic 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.

2 A method as claimed in claim 1, in which heat is applied to the first repair insert

by means of a laser.

20 3 A method as claimed in claim 1 or 2, in which 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.

25 4 A method as claimed in claim 3, in which consecutive ones of the successively

heated locations are spaced apart from each other by not less than 1 mm.

5 A method as claimed in claim 4, in which consecutive ones of the successively

heated locations are spaced apart from each other by not less than 2 mm.



(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; (iii) using the cavity@rnfile data to forma first
nmetallic repair insert having a contact surface conplenentary to the
cavity surface; (iv) applying the first repair insert to the
conponent with the contact surface of the first repair insert in

cont actgWw t hatrRgthea\dd dladhéd aE&ny aﬁéomauﬁgrsl wat Dadh ﬁsaﬁrtgfatééat

repair insert to fuse the contact surface of the irst re I nsert
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is applied to the first repalr insert by neans of a laser. A nethod

as clainmed |'t$p@frdpﬁ$ri or 2, in which 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 Cavi th BeNPHES Fateed i 3y gnacf cladms Sdpds in whishothw suseessinely
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successively heated | ocations are disposed on a predeterm ned path. A
nmethod as clainmed in claim7, in which the profile of the first

repair gnserp rhéth@ﬁrﬂstélém@bdjwarﬁhgoh@%f BR#h 3008, 3¢ @Fch BHethddied locations
predeterm ned path is nodified as necessary to mtigate any detected

di storti on ofverige ene gﬂot’r@@a\mereh\gé‘ptlowmg completion ofgthe heat application to all
of the heated locations, the contact surface of the first repair insert is fused to the

15 cavity surface over substantially the full area of the contact surface.

10 A method as claimed in any one of claims 3 to 9, in which, following completion
of the application of heat to all of the heated locations, heat may be applied to a
region of the first repair insert, which region includes a plurality of the heated

20 locations.

11 A method as claimed in any one of claims 3 to 10, 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

25 subsequent repair insert to fuse the subsequent repair insert to the preceding

repair insert.

12 A method as claimed in claim 11, in which heat is applied to each subsequent
repair insert in a manner in accordance with any one of claims 2 to 10,
30



A method as clainmed in any one of clains 3 to 8, in which the heated

| ocati ons overl ap 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 tot/he cavity surface over
substantially the full area of the contact surface. A nethod as
claimed in any one of clainms 3 to 9, in which, follow ng conpletion

of the application of heat to all of the heated |ocations, heat may
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of at |east ippertof the repair inserts to the cavity surface or to an
exposed surface of a preceding repair insert, the nethod conprises
establishing repair insert profile data representing the profile of
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one of the repair inserts is established by neans of a noul ding

process on the cavity or on the preceding repair insert to provide
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respect to aSRiBdBAIreIPedivairepainisert with rraneshtathecsanparentPryyit sspect
15, in whic i o repair inserts have respective

| ocati ng el Qtr%aaanpté{:re?ik]ﬁeé Yecg%féctlbggﬂ'el enents being offset fromone

anot her about the peripheries of the respective repair elenents. A

t hod | ai i , .of th d] | qi in which t
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substantially as described herein.
another about the peripheries of the respective repair elements.

17 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
18 A method of restoring a metallic component, as claimed in claim 1 and

substantially as described herein.

30



