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Tubular parts having a hard refractory or metal
alloy layer on their concave face are commonly used so as
to be cut up into sections of variable length in order to
produce bearings for the guiding of rotating shafts. Such
tubular parts may also constitute cylinders for guiding
the pistons in an internal combustion engine.

Various methods are already known for resurfacing
the concave face of a tubular part.

Among these, the resurfacing of a concave face of a
tubular part by supplying resurfacing material and energy
by a laser proves to be particularly effective. This is
because using a laser means that only a very localised
and shallow heat-affected zone is formed on the concave
face of the tubular part. The use of a 1laser thus
prevents deterioration of the properties of the

constituent material of the tubular part which has

. undergone, prior to the resurfacing, an important heat
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treatment for the purpose of giving it particular
mechanical and chemical properties suitable for its
subsequent conditions of use.

In document WO 00/23718 Al, there is a description
of a concave face of a tubular part being resurfaced by
supplying resurfacing material and energy by a laser.

That document describes a laser source that



supplying resurfacing material and energy by a |aser. 35 That docunent
describes a | aser-source that 2 generates a | aser beamdirected onto a

| ocal zone of the concave face of the tubular part. Resurfacing materi al
is delivered into this | ocal zone and is heated by the energy of the

| aser beam The |aser source is placed 5 jadially facing the face to be
resurfaced, i.e. inside the tubular part. This neans that only tubul ar
parts having a dianmeter sufficient to contain the |aser source can be
resurfaced. Thus, the dianeter of the tubular parts on which it is
possible to carry out resurfacing is 10 very restrictively limted. It has
al ready been demgiaied t lasen baswr ddoected asdgaciat bdcalt Aonearws ftdre
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associated with means for conducting the energy of the
laser beam right to a zone to be treated inside a tube,
the laser source then being able to remain outside the

15 tube. The difficulty is then to ensure that the laser
energy 1s produced and conducted effectively, reliably
and inexpensively.

For example, document US 2002/0164436 Al describes
a method and a device for 1laser-resurfacing tubular

20 parts, such as internal combustion engine c¢ylinders. A
diode laser generates a laser beam, and an optical system
conducts the laser beam into the tube and makes it exit
therefrom radially in order to strike a treatment zone.
Resurfacing material delivery means carry a powdered

25 resurfacing material, based on an alloy powder, into the
resurfacing zone.

In this way, the laser source may be on the outside
of the tubular part, and the optical system is engaged
axially in the tubular part in order to deliver the laser

30 energy into the treatment zone inside the tubular part.

The document provides no precise description of the
optical system and the resurfacing material delivery
means.

At the very most, Figure 6 illustrates a

35 resurfacing material projection nozzle, which is placed
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optical systemand the resurfacing material delivery neans. At the very
nost, Figure 6 ili1ustrates a 35 resurfacing material projection nozzle,
which is placed 3 laterally alongside the optical |aser-conducting device.
One problem nentioned noreover by the above docunent, is the heating
produced by the energy of the Ilaser striking the treatnment zone. This
heating may 5 inpair the effectiveness of the |laser and may disturb the
progress of the pulverulent resurfacing material into the treatnent zone.
To remedy this, the docunent proposes delivering the pulverulent materi al
by a vibrating conveyor or a screw. 10 However, this heating also affects
t he optical lagseraldonduicingeidievitoe eridiomly beswgecénduenipardecitar in
smal | -di aneter tub N whj - t mspher I s,,gonfiibned. '
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be machi ned. In that docunent, neither resurfacing nor a diode ,
10 However, this heating also “affects the optical

laser-conducting device and may damage it, in particular
in small-~diameter tubular parts in which the atmosphere
is confined.

This heating problem is all the more crucial when
it is desired to resurface a tubular part with a material
containing refractory particles, used for their . high
hardness. This is because a large amount of energy has to
be supplied to produce an effective hard resurfacing
layer.

Also known, from document JP 2000~153382 A, 1is a
laser beam machine capable of laser machining an object
when the latter is placed under water.

The document describes a device for machining a
tube, which includes an optical fibre conducting a laser
beam to a first lens unit which converts the laser beam
into parallel rays. Two successive mirrors then direct
the laser beam onto a second lens unit, which makes the
laser beam converge on a zone to be machined.

In that document, neither resurfacing nor a diode
laser are menticned, and the presence of water itself
provides cooling and avoids the heating problems, which
are not mentioned in that document.

Document EP 1 247 878 Al describes a device for
resurfacing a concave face of a tubular part, comprising

a diode laser source and means for delivering resurfacing




30 laser are nentioned, and the presence of water itself provides cooling
and avoi ds the heating problens, which are not nentioned in that docunent.
Docunent EP 1 247 878 Al describes a device for resurfacing a concave face
of a tubular part, conprising 35 a diode |aser source and neans for
delivering resurfacing 4 material via pipes. A lightguide or optical fibre
conducts the | aser beam over an axial penetration length in the tubular
part. The resurfacing material is a silicon-based powder. On | eaving the
optical device, the 5 |aser beamis oblique. It appears that none of these
known devices is actually appropriate for reliably and i nexpensively
conducti ng t meteasierl emetrqgy pipasan éxt eringitdwists sonr ceptdfatlhe ilode

type right t facin enplac 0.4 nsj a lLakr :par ts.
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In particular, the conduction of the laser beam by
an optical fibre inside a small-diameter tubular part
does not appear to be very reliable, because of the
excessive heating of the optical fibre, which furthermore

15 does not allow the laser beam to be effectively directed
perpendicularly to the resurfacing zone.

The optical lens devices described in the above
documents are not satisfactory either, and they incur
considerable risks of degrading the optical components

20 during use at high temperature.
SUMMARY OF THE INVENTION

Thus, the present invention is aimed at devising a
device for resurfacing the concave face of a tubular part
that consists of inexpensive optical elements, the device

25 having to be free of any risk of degrading or lowering
the effectiveness resulting from heating the inside of a
‘tubular part to be resurfaced, so as to be able to use
resurfacing materials containing refractory powders.

To achieve this, the idea at the basis of the

30 invention 1is to produce the laser beam by a diode laser
source and to conduct the laser beam into the part to be
resurfaced with a reduced surface energy density by means
of commonplace and inexpensive optical components.

The dicde laser source is effective and inexpensive

35 but it does have the drawback of producing a divergent



resurfacing materials containing refractory powders. To achieve this, the
idea at the basis of the 30 invention is to produce the |aser beam by a

di ode |l aser source and to conduct the |laser beaminto the part to be
resurfaced with a reduced surface energy density by neans of conmonpl ace
and i nexpensive optical conponents. The diLode | aser source is effective and
i nexpensive 35 but it does have the drawback of producing a divergent 5

| aser beam which is of course incapable of suitably propagating along the
penetration direction right to the resurfacing zone. The aimof the
invention is also to solve this difficulty, using appropriate optical
means. 5 To dddeavebkhese webjebt siand ot kenrsresinthpabilevenfi aguipravives a
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al ong the pengiriaidOmdgli ragld on,resurfacing material <close to a
resurfacing zone on the concave face of the tubular part
to be resurfaced,

- laser beam delivery means and directing means
15 for directing the laser beam into the resurfacing zone,
the laser beam delivery means conducting the laser beam
over a penetration length along a penetration direction
and then the directing means deflecting the laser beam
into a radial direction away from the penetration
20 direction; according to the invention:
- the resurfacing material is based on hard
refractory particles and metal alloy particles,
- the laser beam delivery means and the directing
means comprise a first convergent lens, the optical axis
25 of which is oriented along the penetration direction,
which lens receives the laser beam coming from the diode
laser,
- the laser beam delivery means and the directing
means comprise a mirror which receives the laser beam
30 coming from the first convergent lens and sends said beam
along the radial direction away from the penetration
direction,
- the laser beam delivery means and the directing
means comprise a second convergent lens which receives

35 the laser beam coming from the mirror and makes the laser



whi ch I ens receives the | aser beamconmng fromthe diode Ilaser, - the

| aser beam delivery nmeans and the directing neans conprise a mrror which
receives the | aser beam 30 coming fromthe first convergent |ens and sends
~said beamalong the radial direction away fromthe penetration direction,

- the laser beamdelivery nmeans and the directing neans conprise a second
convergent |ens which receives 35 the |laser beamcomng fromthe mrror
and makes the | aser 6 beam converge close to the resurfacing zone, and -
an optical insert nmakes the |aser beamcom ng fromthe diode |aser along
the penetration direction converge near the object focal point of the
first 5 conusraggerntorivensye Thilardes t® the sresuaimeimnt zonde dader beami s

initially concentrated Sﬁﬁ%égirﬂn%fertt emg?%gc&ghe 1L, P@Q}W,Sécfrﬁlg{s@ of
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for re§ﬁ}faGQQfW?Qﬁﬁﬁ%véemﬁceT@P glaser beam then strikes the mirror

on a maximized surface, avoiding heating and altering it,
and then is concentrated by the second convergent lens,

The optical means are simple and inexpensive, and
their arrangement optimises their operation by making

15 them largely insensitive to the heating.

In particular, the relatively little heating caused
by the laser beam passing through the optical lenses and
onto the mirror is that there is no risk of degrading
them, even in the presence of the surrounding heating

20 produced by the impact of the laser beam on the zZone to
be resurfaced inside the tubular part.

One advantage is that it is possible to produce a
low-~cost device for resurfacing a concave face of a
tubular part by supplying resurfacing material and energy

25 by a laser using commonplace components, and ensuring
effective confinement of the laser beam.

The use of a diode laser as laser source proves to
be particularly advantageous owing to 1its compactness,

its ease of high-frequency modulation, its low operating

30 voltage and its low power consumption thanks to excellent
efficiency.
Furthermore, a diode laser emits a slightly

divergent laser beam. As a result, the laser beam may
have energy concentration per unit area that is lower

35 than that of conventional gas laser sources, so that it



tubul ar part by supplying resurfacing material and energy 25 by a | aser
usi ng commonpl ace conponents, and ensuring effective confinenent of the

| aser beam The use of a diode | aser as | aser source proves to be
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which the laser beam from the diode laser is delivered.

Furthermore, owing to the fact that the optical
insert makes the laser beam coming from the diode laser
converge near the object focal point of the first
convergent lens, the first convergent lens transmits the
laser beam in the form of substantially parallel rays.
This is a good compromise between the fact of preserving
all of the energy of the laser beam without any loss and
the fact of delivering the laser beam with the lowest
possible surface energy density so as to heat the optical
components (convergent lenses, mirror, etc.) as little as
possible.

Advantageously, the optical insert may comprise a
third convergent lens making the laser beam coming from
the diode laser converge near the object focal point of
the first convergent lens.

Thus, a simple optical insert is produced for
collecting the divergent laser beam at the cutput of the
dicde laser and for delivering it along the penetration
direction right to the object focal point of the first
convergent lens.

Preferably, arrangements may be provided such that:

- the optical insert comprises a fourth

convergent lens, which receives the laser beam coming




conponents (convergent |enses, mrror, etc.) as little as possible.

Advant ageously, the optical insert may conprise a 25 third convergent |ens
maki ng the | aser beam conmng from the diode |aser converge near the object
focal point of the first convergent |lens. Thus, a sinple optical insert is
produced for collecting the divergent |ager beamat the output of the 30
di ode laser and for delivering it along the penetration direction right to
t he object focal point of the first convergent |ens. Preferably,
arrangenments may be provided such that: - the optical insert conprises a
fourth 35 convergent |ens, which receives the |aser beamcomng 8 from

t he di ode | aserom -thehelitdde dlacsmmwer gent | ens receives the | aser beam
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third or. fourth convergent | ens, , _

10 penetration over which the laser beam is delivered can be
further extended. A person skilled in the art will
readily understand that the length of penetration will
depend on the focal 1lengths of the wvarious convergent
lenses used in the laser beam delivery means and in the

15 optical insert.

Preferably, the optical insert may include an
optical fibre that collects the laser beam coming from
the diode laser and delivers it close to the object focal
point of the first, third or fourth convergent lens,

20 depending on the embodiment in question.

The optical fibre allows the 1laser beam to be
delivered over a great length while minimising energy
losses. The use of an optical fibre alsc means that the
laser beam delivery means and the directing means can

25 penetrate into the tubular part without the laser source
having to be moved, it being possible for the optical
fibre to be provided with slack.

Preferably, arrangements may be provided such that:

- the fourth convergent lens 1is substantially

30 perpendicular to the penetration direction and
substantially parallel to the radial direction,

- the second convergent lens and the fourth
convergent lens are placed radially on either side of the
penetration direction,

35 - the optical insert includes an additional




20 dependi ng on the enbodi ment in question. The optical fibre allows the

| aser beamto be delivered over a great length while mnimsing energy

| osses. The use of an optical fibre also neans that the |aser beam
delivery means and the directing neans can 25 penetrate into the tubul ar
part without the laser source having to pe noved, it being possible for
the optical fibre to be provided wth slack. Preferably, arrangenents nmay

be provided such that: - the fourth convergent lens is substantially 30
per pendi cular to the penetration direction and substantially parallel to
the radial direction, - the second convergent |lens and the fourth
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The hollow confinement tube is used for holding the
constituent components of the laser beam delivery means
and to keep them in relative position, while still
ensuring sure and reliable confinement of the laser beam.

15 The double-walled hollow confinement tube makes it
possible for the components that it confines to be
effectively cooled so as to avoid any deterioration
caused by heating when the device is being used.

Preferably, arrangements are provided such that:

20 - the radial direction along which the mirror
sends back the laser beam coming from the first
convergent lens 1is substantially perpendicular to the
penetration direction,

- the optical axis of the second convergent lens

25 substantially coincides with the radial direction,

- the resurfacing material delivery means
comprise a nozzle with a generally conical internal wall
with its point ocriented towards the outlet and the apex
of which is pierced, thus forming the outlet orifice, and

30 - the cutlet orifice of the nozzle is
substantially coaxial with the optical axis of the second
convergent lens.

If the direction of penetration is substantially
horizontal, the radial direction is thus wvertical. This

35 enables the resurfacing material to flow under gravity to



caused by heating when the device is being used. Preferably, arrangenents
are provided such that: 20 - the radial direction along which the mrror
sends back the | aser beam comng fromthe first convergent lens is
substantially perpendicular to the penetration direction, - the optical
axis of the second convergent lens 25 s tantially coincides with the
radial direction, - the resurfacing nmaterial delivery neans conprise a
nozzle with a generally conical internal wall wth its point oriented
towards the outlet and the apex of which is pierced, thus formng the
outlet orifice, and 30 - the outlet orifice of the nozzle is substantially
coaxi al wthtihee ppintalwhedes bhet Heaserohdamcateeikgent thensfadd the be

di rection of jon is substantially horizontal, the radial direction
is thus verti%§§¥¥ﬂﬁ§%§2 35 enables the resurfacing material to fl ow under
gravity to 10 the Bysifraitere thfe deislare e xiexet he face to. be

resurfaced. Preferably,; thgndeyi ceoiyrSAPInFeihe duRNHEl phpf KOt ald Ng
the tubul ar part to be 5 resurfaced, and - first displacenent neans for

providi g a TEWRGAREH Flhcenent al ong the penetration direction
bet ween, on the one hamlrdthe Hibplacepant tandensreduw:f acpdoandingn tdhe

ot her hand, th uhassenbl y» 10 _caonpri sing t | aser_ _heam.deliver and
the directi ﬁge%r?zce{'ﬁjse, iH r:L er o makazl'cirgﬂ st{ziuebaéjseenrﬁ) ry'—’lnelpoennetarela]%/eeél(lialn o0 the
t ubul ar part bedwsemeswr actte Congl ehendari ke t habuédwirce paxyt i ot udee

second di ?p'&%ﬁiﬁ%cé@a%cﬁ,or &EOV'tHJe”go@gé?' ahbyg,di $RACeB Y ssem B} Ong
a radial_ direction between, on_the one hand, the
comprising the laser beam delivery means and the
directing means, in order to make this subassembly
penetrate into the tubular part to be resurfaced.
Complementarily, the device may include second
displacement means for providing a relative displacement
15 along a radial direction between, on the one hand, the
tubular part to be resurfaced and, on the other hand, the
subassembly comprising the laser beam delivery means and
the directing means.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Other objects, features and advantages of the
present invention will become apparent from the following
description of particular embodiments, in conjunction
with the appended figures in which:
- Figure 1 is a schematic sectional view of a
25 first embodiment of the invention;
- Figure 2 is a schematic sectional view of a
second embodiment of the invention;
- Figure 3 1is a schematic sectional view of a
third embodiment of the invention;
30 - Figure 4 is a schematic sectional view of a
fourth embodiment of the invention;
- Figure 5 1is a schematic sectional view of a
fifth embodiment of the invention;
- Figure 6 1s a schematic sectional view of a
35 sixth embodiment of the invention; and



tubul ar part to be resurfaced and, on the other hand, the subassenbly
conprising the | aser beamdelivery neans and the directing neans. BRI EF
DESCRI PTI ON OF THE DRAW NGS 20 Ot her objects, features and advant ages of
the present invention will becone apparent fromthe follow ng description
of particular enbodinents, in conjunction; with the appended figures in

which: - Figure 1 is a schematic sectional view of a 25 first enbodi nent
of the invention; - Figure 2 is a schematic sectional view of a second
enbodi ment of the invention; - Figure 3 is a schematic sectional view of a

third enbodi mrent of the invention; 30 - Figure 4 is a schematic sectional
view of a fourth enbodiigpmte off the ianvenhéwatic FHeptiomal s vaeschefatd ¢

sectional vi i ﬁn@'{f})ﬁo%m 4 j nvention; - Figure 6 is a
schematic se%;@lv%:lnaﬁh ve{ﬂé;véo a - 35 sixt ﬁmer%gcd#{gr}ye'nt of the invention; and |1
- Figure 7 is a schemat iDESSEHRTIRA QF SREFERREL AP IO nent of the

i nvention.  DESCRI REIQYOF PREGERRED EVBERDLMENTS £ quries i shous dbriadd ar
part 1 havi n% a concave 5 face 2 t(& be resug}%iced. The _t ubul ar %Eart 1

ext ends “al ond2%E 1ord? thRli FeFUERRSeT : | TRFhEUPULAFf ReThg JEATERIhATE a
| aser source,a Mindgitudin diades IBser 4. Al though the diode laser 4 is

For Suppl yi ng and GOt SEFLRG B SR8 Pastic i are o Whoth e
these may takéhigh alseay dicdiesildeabl . aAdthough d$pecediedel lapger 4 high t he
inside di amghfyy P d Nes IO QM vBRLT cdmpdBtt Pk Ishoid®e understood
10 that the means for supplying and controlling the diode
laser 4 are not shown and that these may take up a very
considerable amount of space, and larger than the inside
diameter D of the tubular part 1, so that it is not
possible for the diode laser 4 and its supply and control
15 means to penetrate inside the tubular part 1.

The resurfacing device includes resurfacing
material delivery means 5, the resurfacing material being
based on hard refractory particles and metal alloy
particles. The resurfacing material delivery means 5

20 deliver the resurfacing material close to a resurfacing
zone 6 on the concave face 2 of the tubular part 1 to be
resurfaced.

The resurfacing device includes a subassembly 3
comprising laser beam delivery means 7 and directing

25 means 8 for directing the laser beam 9 into the
resurfacing zone 6.

The laser beam delivery means 7 conduct the laser
beam 9 generated by the diode laser 4 over a penetration
length L along a penetration direction which may coincide

30 with the longitudinal axis I-I of the tubular part 1. The
directing means 8 deflect the laser beam 9 along a radial
direction II-II away from the penetration direction.

The diode laser 4 lies outside the tubular part 1,
and the laser beam delivery means 7 may be axially

35 engaged, completely or partly, in the tubular part 1.



possible for the diode laser 4 and its supply and control 15 neans to
penetrate inside the tubular part 1. The resurfacing device includes
resurfacing nmaterial delivery neans 5, the resurfacing material being
based on hard refractory particles and netal alloy particles. The
resurfacing material delivery neans 5 20 (dgliver the resurfacing naterial
close to a resurfacing zone 6 on the concave face 2 of the tubular part 1
to be resurfaced. The resurfacing device includes a subassenbly 3
conprising |aser beamdelivery means 7 and directing 25 neans 8 for
directing the | aser beam9 into the resurfacing zone 6. The | aser beam
del i very neans 7 cdnchicty t heel aser thbeamsinfarsmgt edebycehe mioefdaisey 4

over a penet vﬂﬁ% 2l endth b g ong 34 p%%a%‘o@&edFégEFEQBsméﬁﬁ T}P%t

coi nci de 30 e longitudinal axis |- part
di recting nedrdsly dedtetelenelpasial emnd R ohlye areadrda cigor aaTOal - 1 |

away from t heyanaty ftxhé)éhéﬂl 599&1'1@'& c%zfﬂs%de A@Sgﬁoém hﬁS FAfisiede , tiw
tubul ar part 1, ivery means be _axi al

engaged,” comﬂ%?teel i ‘b‘é‘?t‘l"’j}ld{l ngﬁ]ﬁer’?ﬁlﬂﬁl’féleﬁar f“aferi?l By JJZe }b‘? t he
resurfaci ng dexixe, iﬁ&urﬁaQEﬁglﬁﬁteﬁbﬁhnﬁﬁsednﬂn tiae d aetoactdﬁy parie cl es

and netal al] O%H:Sfﬁrt' cl es | 'iveried %qu%eraes%fac!ang ter
I Y %a Eil, dng

delivery means (e %onprlse as Shown 1 n Figure a 5°hose
whi ch the reswefasialyl yret evtizgan |owsiniert hgas sense and direction defined by

the arrow sh. The TrlrFesuféé‘&ff‘Qcﬂﬁtﬁefnhﬂhr'lélCQféﬁ%}%Féi:JJYméaﬂés sStdgaise

preferably a streamof inert gas.” The resurfacing material delivery rreans 5
conpri g€ 10 % mezzle 56 witH aagéﬁéﬁéfﬁllﬁyccﬁﬂr@élall ntBEREP 2 haME it tHth ¢ s

poi nt orienteddopaids tdheioutidet tandrile apeX Rftlet and the apex of
which is pierced, thus forming an outlet orifice 10. The
outlet orifice 10 of the nozzle b5c 1is substantially
coaxial with the radial direction II-II.

15 The nozzle 5¢ used may advantageously be in
accordance with the teachings of document US 5,418,350
included as reference. Such a nozzle allows the
resurfacing material to be effectively directed to the
only resurfacing zone 6, avoiding any loss of material.

20 Furthermore, such a nozzle preheats the resurfacing
material that passes through it, making it possible to
reduce the laser power needed to melt the alloy and the
resurfacing zone, and thus further reducing the heating
of the optical laser beam delivery means 7.

25 The resurfacing material delivery means 5 thus
deliver the resurfacing material close to the outlet
orifice 10 where the resurfacing material is further
heated by the laser beam 9 until the metal alloy
particles melt. The heated resurfacing material is then

30 deposited on the resurfacing zone 6 of the concave face 2
of the tubular part 1, where the metal alloy cbols and
solidifies again, to produce the resurfaced layer of the
concave face 2.

In the embodiment illustrated in Figure 1, the

35 radial direction II-II 1is vertical and the penetration



which is pierced, thus formng an outlet orifice 10. The outlet orifice 10
of the nozzle 5c is substantially coaxial with the radial direction I1-11.
15 The nozzl e 5c¢c used nay advantageously be in accordance with the

t eachi ngs of docunent US 5,418,350 included as reference. Such a nozzle
allows the resurfacing material to be effgectively directed to the only
resurfacing zone 6, avoiding any |oss of material. 20 Furthernore, such a
nozzl e preheats the resurfacing naterial that passes through it, nmaking it
possible to reduce the |aser power needed to nelt the alloy and the
resurfacing zone, and thus further reducing the heating of the optical

| aser beam deliinesryiareanshich 280 Tiheidesuvibbi hhemibagiduddelaly érsi srelans 5

thus deliver,# heyresunf aci pg erjal @l osg 49,hRe10uUtteL Qd fiee iy

where the resurfacing matertal is further heated by the [aser beam 9 until

the netal al MAferdark | ereBshertedThy Heafed Aéd@aciigs ndlersaltaeidien 30

deposi ted on drhe qasiEd ac g Zongr &l Adezrosaveafadce By §fatheytubul ar

part 1, where the netal alloy copls an solidifies again, t roduce the
resurfaced |ayer of® tnl?é“f‘]i‘?}nc]ajvel? a‘d%e‘g. t?nl‘Pﬂg @Hﬁlod?i%rif@ﬁte ithlqﬁstt”r Het in

Figure 1, theardb nadtal lskrectsunfdded. Fdreertdtaplandmeheée peestsatidn 13
direction, which .cpoincides, with the | Ltudi n 1S I ﬂjli_adij_ar
i s hemSdIS _rﬁ.lflatlve fdl%ipl%%%me'ﬁq g%l@?% k’.he gjebr{é\?rat

part 1, eresurfacrng materi nsporte y a gas
stream t hus fdiowsttiowarkest wedre, oom | elhe opineéi bandi the pobrlers@ard ded by

gravity. 5 Agmndieh ddobs Used toh hohd arderotalies t hent ubulal sehdyily 13 to

be resurfaced. First displacenent neans 12 provide relative displacenent
al ong tife perr@RAITNY dithet ilGF et R&EN LI Bhe MRARF the MbulEre part

1 to be reswifracad randnegnst g ot hekbriard, té heakebassesbkybdssembly 3
penetrate into the tubular part 1 to be resurfaced.
Second displacement means 12a provide relative
displacement along the radial direction II-II between, on

15 the one hand, the tubular part 1 to be resurfaced and, on
the other hand, the subassembly 3 comprising the laser
beam delivery means 7 and the directing means 8.

The combination of the mandrel 11 and the first

displacement means 12 allows the entire concave face 2 of
20 the tubular part 1 to be resurfaced.

The combination of the mandrel 11 and the second
displacement means l2a allows, for its part, the distance
between the outlet orifice 10 and the resurfacing zone 6
to be adjusted, and to do so whatever the diameter-D of

25 the tubular part 1. Thus, it is possible for the laser
beam 9 to strike the resurfacing zone 6 as a light spot
of larger or smaller radius, and with a greater or lesser
surface eﬁergy density.

In the embodiment shown in Figure 1, the mandrel 11

30 is fixed positionwise and can rotate about the axis I-T,
whereas the laser beam delivery means 7 and the directing
means 8 can be moved in axial translation along the axis
I-1 and in radial translation along the radial direction
IT-T7T.

35 In the embodiment illustrated in Figure 1, the



10 conprising the |l aser beamdelivery nmeans 7 and the directing neans 8,
in order to nmake ‘this subassenbly 3 penetrate into the tubular part 1 to
be resurfaced. Second displacenent neans 12a provide relative

di spl acenent along the radial direction Il-I1 between, on 15 the one hand,
the tubular part 1 to be resurfaced and, .gn the other hand, the
subassenbly 3 conprising the | aser beam'delivery neans 7 and the directing
nmeans 8. The conbi nation of the mandrel 11 and the first displacenent
nmeans 12 allows the entire concave face 2 of 20 the tubular part 1 to be
resurfaced. The conbination of the mandrel 11 and the second displ acenent
means 12a al llewssr fbeamt slepairteryt hmedhnst dhcendbet e enlitreetdutd etmesnsf ice 10
and the resurCI ?@5{1[95}1 Zone 6 to be adjusted, and to do so whatever the

di aneter, of € tubular part 1. Thus, it is possible for the |aser
beam 9 to st ri ke the T @sUifeah repn o asiensi gt 5p6t OPSH Pdr gerlorof

smal | er radi %l@pdlg\ﬁ To*h%n@:re%atéaior@é ltﬁésﬁiene%&rafﬁ% ea%g&t%ﬁm {¥.eln
t he enmbodi nent shown in Figure 1, mandr el i Xxe osi_ti onw se

and can > ot af@TRd@! the EREsaKip, b Mer éﬁ‘slqkhef?%%eFeB@éWﬁeltl ASfdans 7
and the directldang 9 meatind diaredidl yrovesh | thexdiaddd r}aenséﬁttnpn along the axis
-1 and in radi al translatlon al theradlal di recti,o ] I n, the
enbodi ment illustratedd n"Fr gureoillé9 cf4 rFE&er® eatrrlg1 del}ia\?eer l?r%%ns and
the directingomdargs 8roworgrd sé:Lrsta ¢cpms¢r@emk/erl@@t$t 1énsnB, sehdsoptti cal

axi s of Whighdi aniEnl odngl oRdatle PDELEALLAN HILEE I AR ! oS tne

parallel to the axis I- ens recelves the | aser beam 9 com ng
di r ect Iy frorﬁetr}‘?etr(ﬁtdd%l |ciazsr@ct4mm @M rror 14 which receives the |aser

beam 9 - a second convergent lens 15 that receives the
laser beam 9 coming from the mirror 14 and makes the
laser beam 9 converge near the resurfacing zone 6.
The laser beam delivery means 7 and the directing
15 means 8 are thus produced simply and inexpensively using
compact inexpensive standard optical components. It has
thus been possible to carry out the resurfacing in tubes
having an inside diameter of less than 100 mm.
Furthermore, the lenses 13 and 15 and the mirror 14
20 are capable of withstanding the surface energy density of.
the diode laser 4.

Finally, it is advantageous to use a diode laser 4
whose wavelength permits good absorption of the energy by
the tubular part 1. The laser beam delivery means 7 and

25 the directing means 8 will thus be less subject to
heating, the energy reflected by the tubular part 1 being
less. This is because lenses and mirrors used in optics
have characteristics that wvary when being heated, which
could impair the efficiency of the device.

30 The laser beam 9 emanates from the diode laser 4 as
substantially divergent rays in the form of a ccne having
an apex angle equal to the angle d.

In the case of Figure 1, the diode laser 4 1is
placed at the object focal point 13a of the first

35 convergent lens 13. The first convergent lens 13 thus



comng fromthe first convergent lens 13 and sends it back along the
radial direction Il-11 away fromthe 10 penetration direction, and - a
second convergent lens 15 that receives the |aser beam 9 comng fromthe
mrror 14 and nekes the |aser beam 9 converge near the resurfacing zone 6.
The | aser beamdelivery means 7 and the digecting 15 nmeans 8 are thus
produced sinply and i nexpensively using conpact inexpensive standard
optical conponents. It has thus been possible to carry out the resurfacing
in tubes having an inside dianeter of |less than 100 mm Furthernore, the

| enses 13 and 15 and the mrror 14 20 are capable of w thstanding the
surface ener@wanﬁmﬂﬁw ofie flheedi doen a%eind the naddry, oft plegaddwdntzgedus

to use a diodg, &ﬁ% Akmg %ﬁé?é‘%? ﬁé”hé%ﬁ%?oqalab%‘?{emla%hofbéa{h‘?
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formof a cogﬁﬁgg I ng an apex angle equal to the angle a. In the case of
Figure 1, € laser 4 is placed at the object focal point 13a of the
first 35 convergedt penson3.skilded rsn ddwveagentwilehsungderhgengs that

transmts thepdaserseams 9 b%n%?:gﬁeﬂﬁ:m Ofleﬂér al i sl rx@é{?l eVlSlé ch &g lalﬂf‘ed he

surface of the mrror 14. The | aser beam Is then re cted throu
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laser beam 9. However, it is Jjudicious to choose the
second convergent lens 15 so as to make the laser beam 9
converge close to the outlet orifice 10 of the nozzle 5c.
The laser beam 9 thus strikes the resurfacing zone 6 with
substantially maximum energy for heating the resurfacing
material sufficiently and thus guaranteeing the quality
of the resurfacing. Furthermore, by making the laser beam
9 converge close to the outlet orifice 10 it is possible
to position the nozzle 5c¢ in close proximity to the
concave face 2, thereby making it possible to carry out
resurfacing 1in tubular parts of wvery small inside
diameter.

The fact of placing the dicde laser 4 at the object
focal point 13a of the first convergent lens 13 allows
the laser beam 9 to be delivered in the form of a beam of
parallel rays over the entire optical path going from the
first convergent lens 13 to the second convergent lens
15. Thus, along the optical path going from the first
convergent lens 13 to the second convergent 1lens 15,
there 1is a good compromise Dbetween the fact of
maintaining the energy of the laser beam 9 without any
loss and the fact of delivering the laser beam 9 with the
lowest surface energy density. In particular, this allows

the optical components, namely the convergent lenses 13




resurfacing zone 6 on the concave face 2 of the tubular part 1. A person
skilled in the art will understand that the second convergent |ens 15 may
be replaced 10 equivalently by another |ens or a set of several other

| enses so as to adjust the convergence distance d of the |aser beam 9.
However, it is judicious to choose the ggﬁond convergent lens 15 so as to
make the | aser beam 9 converge close to e outlet orifice 10 of the
nozzle Sc. 15 The | aser beam 9 thus strikes the resurfacing zone 6 with
substantially maxi num energy for heating the resurfacing naterial
sufficiently and thus guaranteeing the quality of the resurfacing.

Furt her nore, amd naki ngnd heHeasetrbeam1®, caovebge fedadsed t ast hdivtleetas

orifice 10 i SSI 8{1?% g t QPO ktl tpgsgggéhg{lgc dé\,ﬂé)sefggsom.ﬂgty

to the conc ace 2 eby making 1t possi carry
resurfacing mvmﬂaﬂ apfpapreventiagy Enem| fuem dé’El@l%néﬁ@ﬁgeqiheaﬂi%ctOfof

placing the %ﬂﬁ%ﬂﬁ% tfh@teﬂé]ﬁg bl@é?ées?&fft%@ 1P Atpd3a of the first

convergent lens 13 all'ows the |dser bea to be delivered in_th for ofk
a beam of parallelI?é@@eo@%PO@h@eﬁﬁﬁlﬁélﬁﬁFFééﬁdpéﬂh BLIRESFr 6m irst
convergent |ens ¢k t@eé@ﬁf&@ﬁ@@ddéﬁﬂ&@r gelﬁthbemﬁrelﬁncllmu&s a:.irortgatnhml

optical path i fromthe fir con ent Iens 13 to the 0

conver gent é%?gé% Egh§n§% m3§880 Q? meen W%nqagﬁggf%%e

mai nt ai ni ng tdiedmeragenf4 t benvasge beanhe wenh@matamw digwestdmh thleogact
of deliveringdhenLassl;fgamedcothi lodiige haueshe SUHACE) LRE GoMRlinide 11

particul ar, |s a € optical conponents, namely the convergent
| enses 113 163£§Hﬂ]£5 and the mirror 14, to be heated as little as possible

during use of the fIQxSUFﬁr?é?I ngaslevi 68, tRE t BRboRHmRASe afl IMAMeIHddg ihem

from being d%ﬁ%ﬁﬁ: %Pd the optical insert 16 <comprises a third
convergent lens 17 making the laser beam 9 coming from
the diode laser 4 converge near the object focal point

15 13a of the first convergent lens 13. '

The penetration length L may thus be substantially
increased relative to the embodiment illustrated in
Figure 1.

In ﬁhe embodiments 1llustrated in Figures 1 to 4,

20 the laser beam delivery means 7 and the directing means 8
are contained within double-walled hollow confinement
tubes 18 and 19, a coolant circulating between the walls.
This coolant is delivered into the double wall of the
confinement tubes 18 and 12 by coolant delivery means 18a

25 and 1%a, which are hoses.

The first convergent lens 13, the second convergent
lens 15, the mirror 14 and the optical insert 16 (in the
case of the embodiments shown in Figures 2 to 4) are thus
effectively cooled so as to prevent any damage.

30 In the embodiments i1llustrated in Figures 1 to 4,
the confinement tubes 18 and 19 are interconnected so as
to produce a continuous double wall. The coolant is thus
delivered by the hose 1% as illustrated by the arrow 20
and leaveé via the hose 18a as illustrated by the arrow

35 21, after said coolant has circulated between the two



m nimsing the energy | osses of the |aser beam9. 5 In the enbodi nents
illustrated in Figures.2, 3 and 4, the resurfacing device furthernore
i ncludes an optical insert 16 that nmakes the | aser beam 9 comng fromthe =
di ode |l aser 4 converge in the penetration direction close to the object
focal point 13a of the first convergent .10 lens 13. In the case of the
enbodi nent illustrated in Figure 2, the optical insert 16 conprises a
third convergent lens 17 nmaking the | aser beam 9 conmng from the diode
| aser 4 converge near the object focal point 15 13a of the first
convergent lens 13. The penetration length L may thus be substantially

i ncreased relwtlihe dfo the ewbibidhemsrit itllss red endnl9Figure 1. In the

enbodi nents il |l ust rat elcg I&\FA%%@OI}S'{PO ﬁt glg%g%hguE s%rogq%qﬂrge Waﬁquedé/
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tubes 18 and cool ant del |v§ é means 18a_. 25 and 19a, ELCh are ﬁses
The fir rﬂ?‘@ﬂj%n?ol die 13MPERECSELBRT ddhvERGemton Y Ents LERSSH rTdr 14
and the opt| cald irTserthdom{thot hE4 gadetht bpeieabodnmenits 1¥howwing Figur es
2 to 4) are thus _effectivel cQg SQ asto revent t he
enbodi ment s |th st r AR G gures gl‘ Y ok eeméaor1 nsi n%qn%n?%?g%es 1gdgé1nd 19
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is thus deliygred byyidie ﬂ:ﬁs%r;l@alrg éb H&%}é@t?@j PYqthe arrow 20 and

| eaves via thHe hose 18a as ustrate e arrow 35 21, after said
cool anttthas circul &% b&fneshet héafRs 1 ea&ﬂlal Ps BAY( heheonfiHeleht tibes
18 and 19. confinement tubes 18 and 19 and heat them. The

circulation of the coolant allows the damage caused by
heating the confinement tubes 18 and 19 to be minimised
and allows to cool all the components of the laser beam

15 delivery means 7 and the directing means for directing
the laser beam 9.

In the embodiments illustrated in Figures 2 to 4,
it may be seen that the laser bheam 9 progressively
converges and then diverges between the convergent lenses

20 17 and 13. It follows that, in this section of the path,
the laser beam 9 1is concentrated and held further away
from the wall of the confinement tube 18, reducing the
risk of heating the tube 18.

In the embodiment illustrated in Figure 3, the

25 optical insert 16 furthermore includes a fourth
convergent lens 22 that receives the laser beam 9 coming
from the diode laser 4. The third convergent lens 17
receives the beam coming from the fourth convergent lens
22, The diode laser 4 1is placed near the object focal

30 point 22a of the fourth convergent lens 22. The image
focal point 17b of the third convergent lens 17 coincides
substantially with the object focal point 13a of the
first convergent lens 13.

Again, the penetration length L over which the

35 laser beam 9 is delivered is substantially extended. This



It is advantageous to provide such cooling neans as delivering the |aser
beam 9 over a long penetration |length L cannot be acconplished w thout

| oss, especially 5 owing to the inperfections in the convergent |enses 13
and 15, the mrror 14 and the optical insert 16, owing to their

approxi mate relative arrangenments and owing to the diffusion of the energy
fromthe |laser beam 9 into the gas and dust present in the tubes 18 and
19. 10 Rays of the laser beam 9 may thus strike the confinenent tubes 18
and 19 and heat them The circulation of the coolant allows the damage
caused by heating the confinenent tubes 18 and 19 to be mnimsed and
allows to coalalkdd ihercewidtdentsoofreshefhasertieanribavel ifeary deads & and

the directin i j the | aser beam 9. In the enbodi nents
Qtnc!@aé? &%\ﬁﬂt%e%fﬂ‘gl.

illustrated i gures it may be seen that the |aser beam 9
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obj ect ¥bcal guifknemRntor tHee fi¥%t cBRFER§Ent Fensths. haghrring
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SUbStantiml)%éggfwﬂfdthg@i%ome of the rays of the laser beam 9 will
thus strike the walls of the confinement tube 18 and
cause it to heat up.

15 A person skilled in the art will thus readily
understand that the most opportune way of increasing the
penetration length L is to provide convergent lenses 17
and 13 having matched focal lengths and to place them s
substantially in the particular manner illustrated in the

20 embodiments shown in Figures 2 and 3.

However, the way in which the laser beam 9 is
delivered between the convergent lenses 22 and 17 remains
very effective in the case of high-quality convergent
lenses 22 and 17.

25 As an alternative to the optical insert 16 of
Figure 3, it 1s possible to attempt to use a device
having convergent and divergent lenses arranged
alternately so as to make the laser beam 9 converge and
then diverge over a long length. However, such a solution

30 will prove to be less economic than that illustrated in
Figure 3, since it will regquire more lenses and the
quality of the lenses will have to be perfect so as to
minimise the energy losses of the laser beam 9. i

In the embodiment illustrated in Figure 4, the

35 optical insert 16 furthermore includes an optical fibre



18 mekes it possible to resurface the concave face 2 of a |onger tubular
part 1. In the embodi nrent shown in Figure 3, since the diode laser 4 is

pl aced near the object focal point 22a 5 of the fourth convergent |ens 22,
t he convergent |ens 22 sends the |laser beam9 in the formof parallel rays
back to the third convergent lens 17. Bgtgveen the convergent |enses 22 and
17, the rays of the |aser beam 9 are thus closer to the walls of the 10
confinement tube 18. Because of the nmanufacturing inperfections in the
convergent lenses 22 and 17, it is possible that sone of the rays of the

| aser beam 9 wll thus strike the walls of the confinenent tube 18 and
cause it to lxhatthge &6lAepessdameskidded beamhé ardmind | froms theadligde

understand tRat, L,he, ol opRqriyne f@yc%ign% gﬁwgﬂﬁa@ Sct PeRebhatd ot
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way in which the | aser beam 9 del i.vered betfeen t he c | enses
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in the embodiment illustrated in Figure 3. The presence
of the optical fibre 23 again makes it possible to
significantly extend the penetration length L.
Furthermore, from the <configuration illustrated in
15 Figure 4, it is possible to displace the confinement
tubes 18 and 1% along the penetration direction while
still keeping the diode laser 4 ({(and its supply and
control means}) fixed until the optical fibre 23 1is
entirely stretched between the object focal point 22Z2a and
20 the diode laser 4. The resurfacing device according to
the invention thus becomes “telescopic”, with ali the
advantages that this may entail in terms of compactness.

The same effects are obtained by the embodiments

shown in Figures 6 and 7, which are alternative forms of
25 the embodiments illustrated in Figures 1 and 2.

To do this, optical fibres 23 collect the laser
beam 9 coming from the diode laser 4 and deliver it close
to the object focal point 13a of the first convergent
lens 13 (Figure 6) or the object focal point 17a of the

30 third convergent lens 17 (Figure 7), respectively.

The fifth embodiment shown in Figure 5 1is an
alternative form of the fourth embodiment. It may be
observed in Figure 5 that:

- the fourth convergent lens 22 is substantially

35 perpendicular to the penetration direction and



In the enbodinent illustrated in Figure 4, the 35 optical insert 16
furthernore includes an optical fibre 19 23 that collects the |aser beam 9
coming fromthe diode |aser 4 and delivers it close to the object focal
point 22a of the fourth convergent |lens 22. By using the optical fibre 23
it is possible to 5 deliver the laser begm9 coning fromthe diode |aser 4
over a long length with very few energy | osses. Cose to the object focal
poi nt 22a, the |l aser beam 9 energes fromthe optical fibre 23 in the form
of divergent rays in the formof a cone with an apex angle 10 of p. The
| aser beam 9 is then treated in the same way as in the enbodi nent
illustrated isubEatgurta 8. 1yThemldsendes Wie trediopt idiatedibore PB-Afai n nmakes
it possible to signifi t e %qp@tr ionq L engt '
Furthernore, fromthe ctgﬂepi é%?gﬁﬁo%r}ﬁ rat eé[%l}lr? 1].5é Fir}lgitj:irﬂlejddlf,e ifftmirsth
possi bl e to diogple@enthel@vhf 2AchBAt Plagsss mgliandl 1 90a| BAghere sietsetdfati on
direction whidie perddrdiee ngdde idipde laser 4 (and its supply and
control _neans) fixed until the,og;i cal fibrﬁegs,is F‘inti rely stretche
bet ween X he obj ect focdiPoPRE1994 aHuS2Bt t HE ditBAEULESerdl. tiona
resurfaci ng devies @Tosftidly toceihes i tvenlasart beamboc amed nat elrescogdie”,
with all the . advant ages that this entail _L.n [ f.C ct S., The
same effectsfé)ruerto tcach]nveecF%%/n% hi;enesnbn%éldi%%%t %eng o&\ﬁerﬁagﬁgu%e@é%b d;n q(
whi ch are al tadromag ithe fommet ftigb diweenbodi merds illustrated in Figures 1
and 2. To do this, opti i 23. | egt jthe, . asey e ' rom
t he di ode | aser 4 and c}gfél.v%éﬂ(?@él gjs"g%tg%t he ?b]j_ ect f%%algmggin%?m 3331&
the firlét cofvérgehing |dsisices 4% gure 6) or the object focal point 17a of
the 30 third convetgenint @ns dft{ELQUEEbEe, 2r3especthvel ¥rrdhgeli fotoh as
enbodi nent shcown in Fi ure 5 is an — .

0 be wodun over a winding device 26 above the

resurfacing device, so that there is no risk of said

i

fibre impeding the operations being carried out below.

15 This also avoids the risk of damaging the optical fibre
23 by the various actions of the operators, an optical -
fibre being relatively fragile and having to be handled o
delicately.

The winding device 26 comprises several pulleys or

20 cylinders 29a-29c. The radius of the pulleys or cylinders

~ 29a-29%9c¢ is such that the optical fibre 23 is not bent
beyond a limit above which the laser beam 9 would suffer
losses 1in the optical fibre 23, and beyond which the
optical fibre 23 would be damaged.

25 The pulley or cylinder 2%a 1s attached to the
resurfacing device. The diode laser 4 1s fixed, as is the
pulley or cylinder 29b. The pulley or cylinder 29%c can
move translationally with respect to the diode laser 4
and to the pulley or cylinder 29b by means of a spring 28

30 or other equivalent device, such as a cylinder actuator
or a counterweight.

During the displacement of the resurfacing device
along the penetration direction by movements illustrated
by the double arrow 27, the pulley or cylinder 29c¢ will

35 undergo the movements illustrated by the arrow 27a thanks




alternative formof the fourth enbodinent. It may be observed in Figure 5

that: - the fourth convergent lens 22 is substantially 35 perpendicular to
the penetration direction and 20 substantially parallel to the radial
direction Il-11, - the second convergent |lens 15 and the fourth convergent

lens 22 are placed radially on either sidg of the penetration direction, 5
- the optical insert 16 includes an additional mrror 35 which receives
the | aser beam 9 conming fromthe fourth convergent |ens 22 and sends the

| aser beam 9 back along the penetration direction, and - the optical fibre
23 is placed as a winding on 10 a wi nding device 26. The entire opti cal
fibre 23 is tthusther arigestGoiras otro Seomoemtnever athendipwgimdevicBe ZBhe
above. the r rf .aci ng LCe, th e i ri o] i d J 4

I npedi ng t he aggéeirlaa?%oéqns gg’?ﬂﬁgﬁca?% edé%ﬁ%gﬁjél ov%ib%%_Th?i; afcggl%avo‘f%%%fe
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handl ed dellcateky. The mnnd|€$ device 26 conpri.ses sg:er%%égygggys.or 20

cyl i nders 298PX0Y B 1dFReSet FRecBEFFefs SUt fdvieRdtdds S™dE 6855 Such

that the optiftadcd idat etR@ bpthohlbe&ibrebeyomb aasi nbt a&bowd sihiddmadiend aser

beam 9 wouldilﬁfe¥h Ios§§§.%€.tggvg§éic§% fi?%ﬁr%%edan%b %%pn%d@ytﬂbéhe
dal ged. The qu 29a 1S

optical fibre 23 viout d be ul'"ey~or "cyl i'nder
attached to tdmnsidesiad agsng dedipée Trndiiotie ingepxampdef iaredl, may ket he

pul I ey or cyldfgale PO TREPULLBYOheR¥l NIREWARICIGANFiHBYEs 6 and 7 ™
translationally wth respect to the diode laser 4 and to_the pulley or

cyl i ndeé® 29b "HyFhsEnst berab¥prepgragng from the scope of the present
invention.

As an alternative to the winding device 26
described above, it is possible to use a winding device
comprising a cableway in the form of a gutter comprising

15 a plurality of interconnected sections so as to permit
relative rotational movement of limited amplitude between
two successive sections. The optical fibre is then fixed
to the cableway and follows its movements. The amplitude
of the relative rotational movement  between  two

20 successive sections is such that the optical fibre is not
bent beyond a 1limit above which the laser beam would
suffer losses in the optical fibre and beyond which the
optical fibre would be damaged. ‘

In practice, in this embodiment shown in Figure 5,‘ i

25 good results have been obtained in resurfacing tubes
having an inside diameter of less than 250 mm, using the
following components: confinement tubes 18 and 19 having
a diameter of about 70 mm, the tube 18 having a length of
about 1200 mm; a diode laser of 3.5 kW power; a lens 22

30 having a focal length of about 60 mm; a lens 17 having a
focal length of about 300 mm; a lens 13 having a focal
length of about 177 mm; a lens 15 having a focal length'
of about 100 mm, producing a laser spot of 4 to 5 mm in
size in its focal plane; and a projection nozzle

35 according to document US 5,418, 350.




30 or other equivalent device, such as a cylinder actuator or a
counterwei ght. a During the displacenent of the resurfacing device al ong

t he penetration direction by novenents illustrated by the double arrow 27,
the pulley or cylinder 29c will 35 undergo the novenents illustrated by
the arrow 27a thanks 21 to the stretchi or shortening of the spring 28.

The available length of optical fibre 2 hus varies automatically so as
to acconpany the displacenments of the resurfacing device along the
penetration direction. The 5 spring 28 is chosen to exert a sufficiently
small tensile force on the optical fibre 23 so as not to risk danmagi ng L
it. The winding dedilee 2frelesmcti bédvahoyennusts benottondidiéted asca siheple **
non-limting I b a t -qﬁgpd' o] i

Figures 6 anf%%n%rﬁ%ugﬁ%{ﬁe%eab%ddg%ggt iené}]qucolm t he?ggg%zbép'rﬁed%ee%ent

i nvention. Asitan aln@¥udgsve teet hevakhalfg devicesnasivg@esclids abdnd it

i's possible tRAse B WMNHAY QR F CORRLI ShRg acsabhenay iwithenfarme of a
gutter conprising 15 a pIurallay,of i nt erconnected sections so as to permt
rel ative rot dliorhlC ot LA 1% SR ™Fmpl i t ude between two successive
sections. The optical fibre is then fixed to the cableway and follows its
novenents. The anplitude of the relative rotational novenent between two

20 successive sections is such that the optical fibre is not bent beyond a
limt above which the | aser beamwould suffer losses in the optical fibre
and beyond which the optical fibre would be danmaged. In practice, in this
enbodi nent shown in Figure 5, 25 good results have been obtained in
resurfacing tubes having an inside dianmeter of |ess than 250 nm using the



foll owi ng conponents: confinenent tubes 18 and 19 having a dianeter of
about 70 mm ‘the tube 18 having a I ength of about 1200 nm a di ode | aser
of 3.5 kWpower; a lens 22 30 having a focal |ength of about 60 mm a |ens
17 having a focal length of about 300 mm a lens 13 having a focal Ilength
of about 177 mm a lens 15 having a focal,{ength of about 100 mm
producing a laser spot of 4 to 5 Mmin size in its focal plane; and a

proj ection nozzle 35 according to docunent US 5,418,350. 22 low The
present invention is not limted to the enbodi ments that have been
explicitly described, rather it includes the various alternative forns and
generalisations thereof that are contaidigdM@d thin the 5 field of the
following clainms. 23 CLAIMS 1. Device for resurfacing a concave face (2)
of a tubular part (1) by supplying resurfacing material and 5 ene&gy by a
| aser, conprising: 1. Pefiiote Faserestr fagringerner 6PPAGVE | béamPi(

resurfam ng refiRl1Al gglr'tVe(JY) n%@nss&@l%‘%g‘lfﬂesﬁq"éd&ﬂd nﬁaEEQﬂaQSLﬁx{c@Cl ng
material_ close to a 10 resurf aC|nqnzone on the concave face (2) of the

tubul ar Jart OTED Be & AT Bl p“r%%%g beam del i very neans (7) and
directing neans (8) fa diveetilagerne(d asebrbeamdrtimg oat Naseresardraci ng
zone (6), theggaser beam del i very nmeans (7) 15 conducting the | aser beam

(9) over a pe dt'r at i on length (L) along a penetration direction and then
the directing means { 8)esleffacingg ndetiosker debingy imransa r &4 alfor -

Sllhrtectl on (llgdil),amay, fromd he penstFatign digaddion chargederised ia
T 0 resurfacing zone (6) on the concave face (2) of the

tubular part (1) to be resurfaced,

- laser beam delivery means (7) and directing
means (8) for directing the laser beam (9) into the
resurfacing zone (6), the laser beam delivery means (7)

15 conducting the laser beam (2) over a penetration length
(L) along a penetration direction and then the directing
means (8) deflecting the laser beam (9) into a radial
direction (II~-II) away from the penetration direction,

characterised in that: _

20 - the resurfacing material (5) is based on hard
refractory particles and metal alloy particles,

- the laser beam delivery means (7) and the
directing means (8) comprise a first convergent lens b
(13), the optical axis of which 1is oriented along the

25 penetration direction, which lens receives the laser beam
(9) coming from the diode laser (4),

- the laser beam delivery means (7) and the
directing means (8) comprise a mirror (14) which receives
the laser beam (9) coming from the first convergent lens

30 (13) and sends said beam along the radial direction (II-
IT) away from the penetration direction,

- the laser beam delivery means (7) and the
directing means (8} comprise a second convergent lens
(15) which receives the laser beam (9) coming from the

35 mirror (14) and makes the laser beam (9) converge close



20 - the resurfacing material (5) is based on hard refractory particles
and netal alloy particles, - the |laser beamdelivery neans (7) and the

directing neans (8) conprise a first convergent |lens 1441 (13),
optical axis of which is oriented along the 25 penetration direction,

t he

| ens receives the |aser beam (9) com ng ffomthe diode |aser (4), - the
| aser beam delivery neans (7) and the directing neans (8) conprise a
mrror (14) which receives the |laser beam (9) comng fromthe first

convergent lens 30 (13) and sends said beam al ong the radi al

direction (II-

1) away fromthe penetration direction, - the |aser beam delivery means

(7) and the tdi rteod iregsueansi (@) zeoanplése andecond conver gent
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Devi ce

3. Device according to claim 1, characterised in

that the optical insert (16} comprises a third convergent

lens (17) making the laser beam (9) coming from the diode
(13a) of

laser (4) converge near the object focal peint

15 the first convergent lens (13).

4. Device according to claim 3, characterised in
that the optical insert (16) includes an optical fibre
(23 that cocllects the laser beam (9} coming from the
diode laser (4) and delivers it close to the object focal

20 point (17a) of the third convergent lens (17).

5. Device according to c¢laim 3, characterised in

that:

- the optical insert (16} comprises

a fourth

convergent lens (22), which receives the laser beam

25 coming from the diode laser (4),

- the third convergent lens (17) receives

(9)

the

laser beam (9) coming from the fourth convergent lens

(22),
- the diode laser (4) 1is placed close to the
30 object focal point (22a}) of the fourth convergent lens
(22), and
- the image focal point (17b) of the third

convergent lens (17) coincides substantially with the

object focal point (13a) of the first convergent lens

35 (13) .



that the optical insert (16) includes an optical fibre (23) that collects
the | aser beam (9) comng fromthe diode |laser (4) and delivers it close
to the object focal 20 point (17a) of the third convergent lens (17). 5.
Devi ce according to claim3, characterised in that: - the optical insert
(16) conprises a fourth convergent |ens 2), which receives the | aser
beam (9) 25 comng fromthe diode |aser (4), - the third convergent |ens
(17) receives the |laser beam (9) coming fromthe fourth convergent |ens
(22), - the diode laser (4) is placed close to the 30 object focal point
(22a) of the fourth convergent lens (22), and - the image focal point
(17b) of the third6.cdnmakgenacbemsi@@7)t@okﬂeﬁdes3$ubshanataeryswdtmJthe
obj ect focaI&:q1 Jut (13a) of the first convergent lens 35 (13). 25 6.
Devi ce according to claim3, characterised in that: - the optical insert
(16) conprises a fourt Kheommtrigak |igmen2)(1ahi drmriisa®s 2 hel Tusteh

beam (9) 5 YAV M 1Bgsdi Q@@ | 3381 cH 4):ece1£re§ thd d1 £0ayeragnt |®ns
(17) receives the aser bean1 con1q? éron1t e fourth convergent |ens
h

(22), - % he iSARYLT J&m ddisitd %q_ )L&teT he*hird 10 convergent |ens (17)
coinC|des substantlaLJytwatltHﬂra Qbh@@&gbﬁ&alléﬁsnt (1Ba)reteihesf itlsd

(3 coi o 1 e B SR Fhet] b ekt oo
- the image focal point (17b) of the third
10 convergent lens (17) coincides substantially with the
object focal point (1l3a) of the first convergent lens
(13}, and
- an optical fibre (23) collects the laser beam
(9) coming from the diode laser (4) and delivers it close

15 to the object focal point (22a) of the fourth convergent
lens (22).
7. Device according te claim 6, characterised in
that:
- the fourth convergent lens (22) is
20 substantially perpendicular to the penetration direction

and substantially parallel to the radial direction (II-
1),
- the second convergent lens (15) and the fourth
convergent lens (22} are placed radially on either side
25 of the penetration direction,
~ the optical insert (16) includes an additional
mirror (35) which receives the laser beam (9) coming from
the fourth convergent lens (22) and sends the laser beam
(9) back along the penetration direction, and
30 - the optical fibre (23) is placed as a winding
on a winding device (26).

B. Device according to any one of claims 1 to 7,
characterised in that the optical insert (16), the first
convergent lens (13) and the mirror (14) are contalned

35 within a double-walled hcllow confinement tube (18), a



15 to the object focal point (22a) of the fourth convergent lens (22). 7.
Devi ce according to claim6, characterised in that: - the fourth

convergent lens (22) is 20 substantially perpendicular to the penetration
direction and substantially parallel to the radial direction (I1I- 11), -

t he second convergent lens (15) and the fyurth convergent |lens (22) are

pl aced radially on either side 25 of the penetration direction, - the
optical insert (16) includes an additional mirror (35) which receives the#
| aser beam (9) comng from the fourth convergent |lens (22) and sends the

| aser beam (9) back along the penetration direction, and 30 - the optical
fibre (23) i sogulardd cdsaiddtidindgetoreen viilmdivagl devi ce (26). 8. Devi ce

according (o any one ool Mclobife £harAcher! aed inaihalethecgptipal

. ; §
insert (16), the first convergent 3) an & mrror (14) are
cont ai ned 35 Bki&hi n a doubl e-wal | ed hol | ow confinement tube (18), a a 26 a

cool ant circulating hetwgenhLBewal §sreS:iHRVi cer-acoor diBegt Owsl ah Mithe
charact rised in that: - the radial dir ction éll-ll% aloqgﬁmg%gh the 5
mrror %14) JEde oalckd t e drapeahhe 9§a§‘6ﬁ1 Rgarr dY t RO X% gent
lens (13) is St ardrivad tgerper pemgli cuBar ist gublke apenellnat ippnrphindictilory, -
the optical axis,of the .secand cpnver ent lens (15) substantially

coi nci des mntcjﬁﬁg Rﬁﬂ%ﬁr%%%QQHIOH -,

- the optical axis of the second convergent lens
(15} substantially coincides with the radial direction

10 (II-II), '

- the resurfacing material delivery means (3)
comprise a nozzle (5¢) with a generally conical internal
wall with its point oriented towards the outlet and the
apex of which is pierced, thus forming the outlet orifice

15 {10}, and

- the outlet orifice {10) of the nozzle (5c) is
substantially coaxial with the optical axis of the second
convergent lens (15).

10. Device according to any one of claims 1 toc 9,
20 characterised in that it comprises:

- a mandrel (11) for rotating the tubular part
(1) to be resurfaced, and

- first displacement means (12) for providing a
relative displacement along the penetration direction

25 between, on the one hand, the tubular part (1) fo be
resurfaced and, on the other hand, the subassembly (3)
comprising the laser beam delivery means (7) and the
directing means (8), in order to make this subassembly
(3) penetrate into the tubular part {1) to be resurfaced.

30 11. Device according to claim 10, characterised in
that 1t includes second displacement means (12a) for
providing a relative displacement along a radial
direction (II-II) between, on the one hand, the tubular
part (1) to be resurfaced and, on the other hand, the

35 subassembly (3) comprising the laser beam delivery means




- the resurfacing material delivery neans (5) conprise a nozzle (5c) with
a generally conical> internal wall with. its point oriented towards the
outl et and the apex of which is pierced, thus formng the outlet orifice
Aft" 15 (10), and - the outlet orifice (10) of the nozzle (5c) is
substantially coaxial with the optical ax-s of the second convergent |ens
(15). 10. Device according to any one of clainms 1 to 9, 20 characterised
inthat it conprises: - a mandrel (11) for rotating the tubular part (1)
to be resurfaced, and - first displacenent neans (12) for providing a

rel ative displacenent along the penetration direction 25 between, on the
one hand, thetumrdrthpardixegt ing beearesut§laced and, on the ot her -hand, the
subassenbly (3) conprising the | aser beam delivery neans (7) and the
directing neans (8), in order to make this subassenbly (3) penetrate into
the tubular part (1) to be resurfaced. 30 11. Device according to claim10,
characterised in that it includes second displacenent neans (12a) for
providing a rel ative displacenent along a radial direction (I1I-11)

bet ween, on the one hand, the tubular part (1) to be resurfaced and, on e
the other hand, the 35 subassenbly (3) conprising the | aser beam delivery
means 27 (7) and the directing neans (8). as a



