METHOD AND DEVI CE FOR MANUFACTURI NG A DOWN HOLE MOTOR
RADI AL BEARI NG TECHNI CAL FI ELD OF THE | NVENTI ON The
WEe@9mO98549 nventi on concerns the down hol e not oPGT/IB0EB/051776

in the oil prospecting industry to drive drill bits
for drilling the ground at great depths. In oi
prospecting, to recover oil or gas, it is necessary to
drill holes to great depths. A down hole notor is used
for this, fixed to the |lower end of a drillstring, and
driving a drill bit in axial rotation. The down hol e
not or conprises a shaft engaged for axial rotation in
a notor body and carrying the drill bit at its end.
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15 bearings, in particular a radial bearing.

There are two types of equipment for down hole
motors: turbines and motors as such. These two types of
equipment necessitate, for their construction, smooth
bearings including high-performance anti-abrasion

20 coatings.

In both cases, the motors are driven by the
drilling mud injected to bring up the cuttings. It is
this mixture of cuttings and drilling mud that subjects
this equipment to particularly severe abrasion. v

25 The bearings necessary for the rotation of these
turbines and motors must satisfy precise specifications
that relate in particular to geometrical tolerances and
to the quality of the steels used.

Bearings have already been manufactured in which

30 the rubbing surfaces are of anti-abrasion materials based
on grains of tungsten carbide buried in a hard metal
matrix. .

Thus the document WO 2007/001826 proposes a method
for manufacturing radial bearings for down hole motors in

35 which a tubular metal bush is used, a hard facing



for manufacturing radial bearings for down hole notors
in which a tubular netal bush is used, a hard

WO awonpset erial is applied to its exterior surPEUEB2§8/051776
nmeans of a |laser, the material being based on grains
of antiabrasion material buried in a netal matrix. A
steel external layer is then applied around the |ayer
of antiabrasion naterial by |laser-assisted facing. The
outsi de diameter is machined tg renove only a portion
of the netal outside |layer. The inside dianeter is
machi ned to renove all of the initial tubular neta
bush and to expose the inside face of the hard facing

mat eri glo-oly the JOhLAedl Al |QYELs oINS ABLIOY noans of
A Anseg?

enables a rasion materia |nter|or l'ayer
to bela(ﬁeéduc"élf byafaEiRl a?@ﬂ%@ed‘)aﬁ“‘&@l ng 1GReVEr , °f hiegti-
nmet hatbrasibh menatemsaln mgpraad dosthy megedusemtidix. A steel

necese%étteéhsﬁ H}?eno ;edygthog Bile%?Va%%d' HET Ba '&a%%ti—
g | aser and hecessitates uralu& fOf mac
per

aat‘ﬂréﬁéoﬁl nTRhe T ]?Yellai‘%e\}felaﬁsfﬁ Hyd¥9 - of he htside
mat erdiametest ibe mesimoved. tBurtdmerrpraalyt e pxttkdrorof the

met alm&adyouegpgwcg@éw Imerm@&aésa@gné% 7o n(‘a@hﬁﬁted to

produce a be Lin havi n Vv hi c

Ot ergtR NG, T of HecHanteal SEPRRDL FoGr ot Aaer #ad to

bear is¥goB6dyhe slﬁcﬁéﬁléf fefaloff G#lev\b@h@t%nﬁgmﬁﬁ%rlal of the
1part iiGitkanedcfankgal. stresses and the viol ent shocks

to which t%ﬁi ‘%M%ﬂya'%s%EEQE Esh%ggl%%kgdaﬁfhéfgﬁ ﬁ@%erlal.

an alternative r opos
di r editeriesilgyes ke gir arroéﬁg?% kmk}@rssif ﬁ%ﬁtlaﬁtesoéw%
interior fhmiavgr| ayddsbyeithdd| tsatina-odnsamiatr axdofcostly

COpp%kc@ﬁgen?@9ﬁ%@3§%1@5£9¥ tﬂgcbf%du%¥§5n0£fh§é§gral layers
anti - abrasi on terlf owd However, the nma
?ﬁéﬁ ?%%n

12 hen Has™efFar Gheds n&Sﬁ?%ﬁ?ﬂ?ﬁErdﬂu?gar%§lty of
| asemassising deeecibgona jpr obess & nredatdivedly ckelclhdsegr of

al | oysiteaNa Pans¥ede removed. Furthermore, the exterior metal
body, produced by laser-assisted facing, cannot produce a
bearing body having a very high mechanical strength. Now
20 a high mechanical strength of the bearing body is
beneficial for withstanding the particular mechanical
stresses and the violent shocks to which the down hole

motor is subjected in use.
_ As an alternative, it has also been proposed to
25 produce, directly inside a high-strength tubular metal
body, an interior facing layer by infiltration of a
matrix of copper and manganese alloy into a layer of hazrd
anti-abrasion material powder. However, the matrix then
has a hardness lower than could be produced by laser-
30 assisted facing, a process in which nickel-based alloys

can be used.

As an alternative, it has further been proposed to
produce the radial bearing in a number of parts assembled
radially together by welding. However, there is always a

35 risk of mechanical strength problems because of the



As an alternative, it has further been proposed to
produce the radial bearing in a nunber of parts
was®enissed radi al ly together by wel di ng. HowevRCT/IB206(51776
is always a risk of nechanical strength probl ens
because of thewelding, and there is a risk of

def ecti ve honogeneity of the structure obtained in
this way, as a function of the angular orientation
consi dered around the axis of tfie notor. Bearings
produced by these nethods do not allow heat treatnent
of the steel, in particular of the fenmale portion of
the bearing body, to increase its hardness. The risk
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Furthermore, known methods do not provide for
bearings to be repaired when worn.

Now radial bearings must be changed as soon as play
appears that exceeds the normal clearance by 1 to 2

20 hundredths of a millimeter, as there is then a risk of
excessive penetration of the drilling mud, which causes
very fast wear of the bearing.

With the known techniques, it is then necessary
purely and simply to replace the bearing, which can no

25 longer be reused or recycled.
' SUMMARY OF THE INVENTION

The invention aims to provide a method of
manufacturing a down hole motor radial bearing that has
improved properties in terms of both mechanical strength

30 and durability. ‘

The invention also aims to provide a method of this
kind which not only produces new down hole motor radial
bearings but also can be used to repair or to refurbish
worn down hole motor bearings.

35 The invention aims further to provide a method of



and durability. The invention also ains to provide a
nmet hod of this kind which not only produces new down
whodoe/ovassor radi al bearings but al so can be useCGI/IB2008/051776
repair or to refurbish worn down hol e notor bearings.
The invention ains further to provide a nethod ofthe
above kind that is of relatively Iow cost and in
particul ar does not necessitate a multiplicity of
ti meconsum ng and costly operatjons of machining
anti abrasion material surfaces. To achieve the above
and other ains, the invention proposes a nethod for
manuf acturing a down hole notor radial bearing with an
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b) applylng an anti-abrasion material layer
directly to the initial interior surface of the tubular
radial bearing body by laser-assisted facing,

c¢) after cooling, machining the anti-abrasion

20 material layer to produce the anti-abrasion interior
layer having a final cylindrical interior surface having
an appropriate inside diameter.

Thanks to the direct laser-assisted facing of the
interior surface of the tubular radial bearing body, a

25 preformed tubular metal bearing body can be used having
excellent mechanical properties and facing does not
affect the properties of the metal portion of the tubular
body by exaggerated heating.

At the same time, laser-assisted facing enables the

30 use of hard matrices such as a nickel-based alloy -so that
the anti-abrasion properties of the active surface of the
bearing are improved at the same time.

In practice, during the step b), a laser beam is.
produced by a laser source, the laser beam is directed

35 into the central passage of the radial bearing body as



body by exaggerated heating. At the sane tine,
| aser-assisted facing enables the use of hard matrices

WG owb/098s4a ni ckel - based al l oy so that the antiPEHIBEISHNF1776
properties of the active surface of the bearing are
i nproved at the sane tine. In practice, during the
step b ), a laser beamis produced by a | aser source,
the | aser beamis directed into the central passage of
the radi al bearing body asfar as a facing area of the
initial interior surface, there is sinultaneously
sprayed onto the facing area a m xture of
anti-abrasion material grains and netal powder, and
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of only a portion of the thickness of this anti-abrasion
material layer, and, at the end of the step c), the final
anti-abrasion material layer can advantageously have a

20 thickness of about 0.75 mm.

This 1is sufficient to produce an anti-abrasion
material = layer of constant thickness and good
homogeneity, with an interior surface having a constant
diameter.

25 At the end of machining, the final interior surface
can advantageously have a surface state whose roughness
parameter Ra is less than or equal to 0.4 um.

The method applies as much to the production of new
bearings as to the repair of worn bearings.

30 Thus, in a first application, during the step a),
the tubular metal radial bearing body has no anti-
abrasion interior layer; in this case, during the step
b), the anti~abrasion material layer is applied directly
to the metal portion of the tubular radial bearing body.

35 In the second case, during step a), the tubular



can advant ageously have a surface state whose
roughness paraneter Ra is less than or equal to 0.4 nm
WO 2000/0985¢2 hod applies as nuch to the producti oPCDIB20¢8#951776
bearings as to the repair of worn bearings. Thus, in a
first application, during the step a ) , the tubular
netal radial bearing body has no antiabrasion interior
| ayer; in this case, during the step b ), the
anti-abrasion material layer isgapplied directly to
the nmetal portion of the tubular radial bearing body.
In the second case, during step a ), the tubul arnetal
radi al bearing body conprises an anti-abrasion
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Another aspect of the invention proposes a down
20 hole motor comprising:
- a motor body with an axial passage in which is
fixed a radial bearing as defined hereinabove,
- a drive shaft adapted to carry a drill bit and
having a cylindrical section engaged with a small
25 clearance in the radial bearing, said cylindrical section
also having an anti-abrasion external layer based on
anti-abrasion material grains buried in a nickel alloy
matrix.
BRIEF DESCRIPTION OF THE DRAWINGS
30 Other aims, features and advantages of the present
invention will emerge from the following description of
particular embodiments, given with reference to the
appended figures, in which:
- figure 1 is a diagrammatic view in longitudinal

35 section of a down hole motor for the oil prospecting



having a cylindrical section engaged with a small
clearance in the radial bearing, said cylindrical

W@ ewvhgms4al so havi ng an anti - abrasi on ext er nal PCHIB2008/051776
based on anti-abrasion material grains buried in a
ni ckel alloy matrix . BRI EF DESCRI PTI ON OF THE
DRAW NGS Ot her ains, features and advantages of the

present invention will enmerge fromthe follow ng
description of particular enbodj ments, given with
reference to the appended figures, in which: - figure

1is a diagrammtic view in |ongitudinal section of a
down hole notor for the oil prospectingindustry; -

figur I,S.,@ detail view in |ongitudinal section of
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a | argeromscamoshosngpt e diwhubble em@fort hddial bearing of

ant i - gt a3i.Q0n{ ayffer@fiohbe figure 2 radial bearing; -

figure 4°is g diagrammatic side viewillustrating the
Step of | aSefi3Y¥S sted ¥ ati MRt h WRYantq - abriddis6n scale
mat er sladving phedwteutherd | giirehe? aradi-abrbeanm nggyer of the

startingh W bhragtdibylkaringt al body; - figure 5
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15 ~ figure 6 is a dilagrammatic side view in

longitudinal section illustrating the machining step for

finishing the figure 2 radial bearing.

DESCRIPTION OF PREFERRED EMBODIMENTS
Consider first figure 1, which is a diagrammatic

20 view in longitudinal section of a down hole motor like

those used in o0il prospecting.

The down hole motor‘, generally designated by the
reference 1, is placed at the end of a generally vertical
drillstring, and is therefore located at the bottom of a

25 drill hole 2. It generally comprises a tubular motor body
3 with an axial passage 4 and a drive shaft 5 rotatably
mounted in the motor body 3. The drive shaft 5 is guided
in the motor body 3 on the one hand by an axial thrust
bearing 6 adapted to absorb forces 1in the axial

30 direction, in particular for pushing the drive shaft 5
downward, and by a radial bearing 7. adapted to guide the
drive shaft 5 radially in the motor body 3.

The free end 5a of the drive shaft 5 extends out of
the motor body 3 and is adapted to carry a drill bit 8

35 which, by virtue of the rotation of the drive shaft 5,



The down hole notor, generally designated by the

reference 1 , is placed at the end of a generally
wa2oowiogssk dril | string, and is therefore | ocat eBCEHIB20682051776
bottomof a drill hole 2 . It generally conprises a

tubul ar notor body 3 with an axial passage 4 and a
drive shaft 5 rotatably nounted in the notor body 3 .
The drive shaft 5 is guided in the notor body 3 on the
one hand by an axial thrust beaging 6 adapted to
absorb forces in the axial direction, in particular
for pushing the drive shaft 5 downward, and by a
radi al bearing 7 adapted to guide the drive shaft 5

radi ablkyghdkdt REe NBL plrl bady 8 . The free end 5a of the
drive shaft 5 exten out of the notor body 3 and is
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of the rot 5?1? staiflitlingg. mud must also be prevented from
penetrating into the clearance between the radial bearing
7 and a corresponding radial guide section 9 of the
rotary shaft 5.

20 For this purpose, a radial bearing 7 i1s produced
whose dimensions are particularly precise so that the
clearance between the radial bearing 7 and the radial
guide section 9 is sufficiently small to oppose the
penetration of abrasive particles contained in the

25 drilling mud. '

As soon as a clearance exceeding the normal
clearance by 1 to 2 hundredths of a millimeter appears,
the radial bearing 7 must be changed, which is a time-
consuming and complex maintenance operation,

30 necessitéting the extraction and dismantling of the

' entire drillstring.

For this purpose the invention provides a radial
bearing 7 and a radial guide section 9 whose surfaces
have good anti-abrasion properties, provided by anti-

35 abrasion materials that are particularly strong to oppose



For this purpose, a radial bearing 7 is produced whose
di nensions are particularly precise so that the

W@ @angssee bet ween the radial bearing 7 and theCT/moed/051776
gui de section 9 is sufficiently small to oppose the
penetrati on of abrasive particles contained in the
drilling nud. As soon as a cl earance exceeding the
normal clearance by 1 to 2 hundredths of a mllineter
appears, the radial bearing 7 must be changed, which
is a tinmeconsum ng and conpl ex mai nt enance operati on,
necessitating the extraction and dismantling of the
entire drillstring. For this purpose the invention

provi dag Qbfa%%@' e??@éﬂ N %h@ngrﬁllrl%%‘ abaguide b%%%&h&nbody
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bear i pgr/-132d WHOSE-LX] LT iRhrSHALRCE oI SeGONE REFBAREO motor -
fit Q% the notor body 3 . Consider now figure 2 ,

whi ch to a larger scale an attached part of this

ki nd formi ﬁgnsmaelr adPal fhearénd.7 vhide pagus 7téorlm hyrger
the radimnl heasifngdnes theteber enast ubdharopaidy Hayi Afdial
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The part 7 forming the radial bearing is therefore
a tubular part, having a peripheral wall 7a surrounding
an axial through-passage 7b. The peripheral wall 7a
comprises a thicker distal section 7c and a thinner

20 proximal section 7d, the two being concentric and having
a continuous axial passage 7b of constant diameter.

Thus the outside diameter of the proximal section
7d is smaller than the outside diameter of the distal
section 7c so as to fit into one tubular end of the motor

25 body 3 as shown in figure 1.

The outside surface 7e of the proximal section 7d
therefore constitutes an outside surface to be fixed into
the motor body 3.

The peripheral wall 7a includes a cylindrical

30 interior surface 7g whose inside diameter D1 is perfectly
adapted to receive with a small functional clearance the
radial guide section 9 of the drive shaft 5 (figure 1).
As seen in figure 2, in longitudinal section, the radial
bearing 7 of the down hole motor in reality comprises a

35 tubular radial bearing body 10, essentially of steel with



an axi al through-passage 7b. The peripheral wall 7a
conprises a thicker distal section 7c and a thinner
WQEe@iovask9 secti on 7d, the two bei ng concentri cP@ntB2008/051776
havi ng a conti nuous axi al passage 7b of constant
di ameter. Thus the outside dianeter of the proximal
section 7d is smaller than the outside dianmeter of the
di stal section 7c so as to fit into one tubular end of
the notor body 3 as shown in fijgure 1 . The outside
surface 7e of the proximal section 7d therefore
constitutes an outside surface to be fixed into the
not or body 3 . The peripheral wall 7a includes a

Cyl ' nq{l 'gﬁalme'cﬂgﬂé ar efng‘l:_ﬁ 7%11@@05&9 ansﬂéjaet cyr@g?&?r alloy
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nechaﬁhdatﬂO%Yh@mlgltﬂh feucexamrla H@aD4t seetlechlordyng to the

st eel arpod m:@at btalkdas O hnteringo Isa¥er ddedrrifyNgo the
t he |%gé Or..S acte 7 To obtain satisfactory

"~ mechani ca tt t?] 2 e bearl ng body 10 can

advant ageo@'lleybﬁérb‘?g dador OscaB| bsuie@d| e figiely of steel.
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11. Thet®¥t -abrasion interior layer 11 is based on
grains of amgur@bpashens Meher setudtiiieeds iR Meitdl-abrasion

layer 11 to a larger scale: the grains 1llc of anti-
abrasion material are buried in the metal matrix 11d.

20 The anti-abrasion material of the grains 1llc 1is
preferably chosen in the group consisting of tungsten
carbide and titanium carbide.

At the same time, the metal matrix 11d
advantageously consists of a nickel alloy having a high

25 hardness.

For correct guidance of the drive shaft 5 and to
reduce the risk of abrasion by the drilling mud, the
interior surface 7g is a circular cylinder with a surface
state whose roughness parameter Ra is less than or equal

30 to 0.4 pm.

To manufacture this kind of down hole motor radial
bearing 7, it is advantageous to use a method producing
an anti-gbrasion layer 11 that is particularly
homogeneous and mechanically strong, perfectly attached

35 to the radial bearing bedy 10.



matrix. Figure 3 shows the structure of the
anti-abrasion layer 11 to a |arger scale: the grains
WO p@9/09853nt | abr asi on material are buried in theCHEB2808/051776
matrix Hd. The anti-abrasion material of the grains H
c is preferably chosen in the group consisting of
tungsten carbide and titanium carbide. At the sane
time, the netal matrix H d advant ageously consists of
a ni ckel alloy having a high hagrdness. For correct
gui dance of the drive shaft 5 and to reduce the risk
of abrasion by the drilling nud, the interior surface
79 is a circular cylinder mﬁth a surface state whose

roughness r te £ss, than q
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ant i -ialsridsi che matiewlizad ,parec fiominhgy oples atadiesl rhestribg body
avoi ded as nuch as possible, as they lead to rapid

wear of the, machi t ool h remv
mat eri al . JI’rc’é”‘"ienvg 88 §B§ éIelvéggr uﬁmgjl ?togd PIRYSRgnting
pr ocddd si metldel.t he tubul ar part fornming the radia
1@ea:ri ng bogy tQ.s Bbg%@déla Isfga/ﬁh 1t Bga@l@w Godised i@ placed
i mp ntin .S 0 n,this dgvi
bearﬁﬁe bg 91%§¥taln§%%%%f i'n ta horlzoﬁ%% l%ngffh&inal axis
i . e. Tmit rpqltegltpén@wea%@llé{xu sthe | r%ﬂhtaém%%ﬁrmg body 10
hori »ethal hyld thye ar adtaty hedhidng body shwhei tigathelath by ive

a rOt:L‘:'L’:rylﬁp'r%qgglérpo';abgggv\mtst hQ}Elsca& gr'é’se shown by the
15 arrow 12.

In the embodiment shown in figure 4, the radial
bearing body 10 is an alloy steel body that has undergone
heat treatment to harden it, like that shown in figure 2.

The device further comprises a facing head 13 with

20 dimensions such that it can penetrate into the axial
passage 7b of the radial bearing body 10 and adapted to
spray onto a facing area 14 of the interior surface 7f of
the radial bearing body 10 a mixture of metal matrix
alloy powder and anti-abrasion material grains, in a

25 radial jet 15, at the same time as a radial laser beam
impinges on the facing area 14.

In practice, the facing head 13 includes a radial
conduit 13a with a powder sprayer nozzle in which the
powder moves in a cyclone. toward the outlet 13b. The

30 facing head 13 is mounted at the end of an axial tube 13c
the upstream end of which remains outside the radial
bearing body 10. A laser source 16, for example a laser
diode, or a CO, laser, or a YAG laser, or a fiber laser,
produces a laser beam that propagates axially in the

35 axial tube 13c and is deflected by a mirror 17 in the



it inrotation about its axis I-1 as shown by the
arrow 12. In the enbodi nent shown in figure 4 , the
wo aebvadssiweari ng body 10 is an alloy steel bodyP@TEB2008451776
undergone heat treatnent to harden it, l|ike that shown
in figure 2 . The device further conprises a facing
head 13 with di nensions such that it can penetrate
into the axial passage 7b of the radial bearing body
10 and adapted to spray onto ajhacing area 14 of the
interior surface 7f of the radial bearing body 10 a
m xture of nmetal matrix all oy powder and anti-abrasion
material grains, in aradial jet 15 at the same tine

as a Eégiﬂ dl@ég{il&?aﬂgv\)’a%' 919@ Lﬁﬁetth§3]£% nﬁlea'ifg@lﬂé head.

ractice, |, i ﬁacm head 13 i ncl udes a radi

éondu?? 1%&1QHq?ﬁa N EPP5FeF fo2A% Pﬁamhﬁﬁhg?% axial
powdetulViEx: iarda igy chenéatibwariteachd 3ol ébcl8bit Téreto the
facingaaﬁgga;gai§4nnunted at the end of an axial tube
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axi al C ef
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of t headiad; ﬁ@aﬁ@a@ egly AR Eptoudl asysteimajiictestt flae axial
ﬂoaserm&m5mantnth@haxfawlﬂgJmeaa3¢3aaddithdinarhaahngmovement

headn%g. ?héoc%%dhélon ok, faghag anga ldoufhetne  axis

asse ornmed by the facing head 13 and the |aser
sour c® 16 can be noved axially along the axis I-1 so
that the fagi rtglear@a:ommeam beowmveéd Vighra Hel idei deddial

MOV e NBLE r104€ hodly! 1@f 1%1'1%1&913,“1'1&% %rir%‘ie-a%fragioﬂ hﬁaterlal
radl bearlﬁ throu E a conbj nat i %ge who € £ the
t ar

Taxi al %‘a\fel%l 16 %ﬁ%ll?gacﬁpr?é 83l HFPATEt he®clteu
movenshii-gbreston ddivalr bearing body 10 about the axis
Thus by wusing the device shown in figure 4 to

produce a down heole motor radial bearing with an anti-
abrasion interior surface 7f, the exterior surface of the
20 tubular radial bearing body 10 is held by a rotary
spindle rotating about the horizontal axis I-I, the
radial bearing body 10 having a cylindrical interior
surface 7f. An anti-abrasion material layer 11 is applied
directly to the interior surface 7f of the tubular radial
25 bearing body 10 by laser-assisted facing by means of the
facing nozzle 13. The layer 1s applied progressively by
axial movement of the facing nozzle 13 and by rotation
about the axis I-I of the radial bearing body 10 so that
the facing area 14 occupies successively all the portions
30 of the interior surface 7f of the radial bearing body 10.
After cooling, the anti-abrasion material layer is
machined to produce a final cylindrical interior surface

7g having an appropriate diameter DI.
Figure 6 shows the machining step, using a grinding

35 tool or other tool 18 for removing material that is moved



[-1. In the enbodi nent shown in figure 4 , the radia
bearing body 10 initially has no anti-abrasion
woreaoe09sshy | ayer and the facing operation produP€BIB20€8/051776
whol e of the anti-abrasion layer 11. Thus by using the
device shown in figure 4 to produce a down hol e notor
radi al bearing with an antiabrasion interior surface
7f, the exterior surface of the tubular radial bearing
body 10 is held by a rotary sphpdle rotating about the
hori zontal axis I-I, the radial bearing body 10 having
a cylindrical interior surface 7f. An anti-abrasion
material layer 11 is applied directly to the interior

lsggg a E%gg{e;g&g&?g frybéﬂea%xﬁ_éﬁh&re@%@&hpg—c;f)gﬁﬁlleotg’é( radial
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10. Arbeasiesolliongr the h@ﬁﬂ-ngabr asreh hateess |E§yé>rf |a§>0ut

machi neth tw, PreICEinalli naltedybi nddicicel NI@ricd which is

surf aﬁ%}fg&&ggv'd}&ﬁ%r%ﬁ ORhy a‘i:gagiﬁméﬁ& 'R'as Fa{ gy&?gl’ﬁuess

antl—

sho usin grin %
ot herPGEIetes Rgr Vthpﬂ%¥%PPé¥ tR&f §an Or equal to
Ifovedprogmessi vely in the axial direction I-1 while

the radi al Cgﬁﬂd&g Mﬂyfﬂg%rbs st URRednabats tﬂ?e %(fo%ess of

l-1. arting anti-a aS|o mat er i

havi nF oS (R P A RHeSe o o BRodecitdiiopye,

r enovésigpbiaskr itdle b@'xaretanshaﬁe thé tthel Ugerhere augface 79
obt ai pedhual anti ahr @ﬁh@ncz&@é/erthlel SAaxi ﬁgazasféwlused as in

15! CkPeSS EF, of Jghout, Q. m the fij %%”tqe% the same
surfac d% which T8 per Fat Iy cylln rical” and

coaX|%ﬁfﬁﬂﬁécﬁaﬁp%?QQ§ughness paraneter Ra that is
pref erabl yThessnthanii@reegued e that, in this situation,

what is faced is a radial bearing body 10 already
provided with an interior layer 1lla of. anti-abrasion

20 material, for example a layer that has been deformed by
wear of the radial bearing 7 in use.

According to the invention, the facing is effected
by depositing a layer 1llb on the surface 7f of a layer
lla to be repaired. The subsequent machining step shown

25 in figure 6 is the same as before.

Depending on what is required, for example to
compensate heavy wear of the radial bearing 7, or to
provide a thicker anti-abrasion material layer 11, a
multilayer deposit can be formed in a number of

30 successive passes of the facing nozzle 13 over the
interior surface of the radial bearing bedy 10. After
application of the last anti-abrasion material layer, the
machining step is carried out to remove material, for
example to a thickness of about 0.25 mm.

35 The present invention 1is not limited to the



0.4 mm . Consider now figure 5 , which shows the
process of facing a radial bearing 7 to be

WO 2@omglstd oned, to re establish the exact shapeCDIB20682051776
interior surface 7g (figure 2 ) . In this case, the
same nmeans are used as in figure 4 , and those neans
are identified by the sane reference nunbers. The only
difference is that, in this situation, what is faced
is a radial bearing body 10 al ngady provided with an
interior |layer 1la of anti-abrasion material, for
exanple a |ayer that has been deforned bywear of the
radial bearing 7 in use. According to the invention,

the f@ﬁb&@uﬁ&t@”ﬂ‘{é@d hayedap&eﬂtle;alglﬁcﬂtqg;erdéé&l@%d but
the surf be r ired

a ai
sUbselIBI TR RG SFaD T ACH G e reeti futnin the
sane &§°B%ﬂ%ﬁéheD@ﬁ@ﬁﬂﬂﬁg ohaigkmt is required, for
exanpl e to conpensate heavy wear of the radial bearing
7, or to provide a thicker anti-abrasion materia
layer 11, a nmultilayer deposit can be fornmed in a
nunber of successive passes of the facing nozzle 13
over the interior surface of the radial bearing body
10. After application of the |last anti-abrasion
material |ayer, the machining step is carried out to
renove material, for exanple to a thickness of about
0.25 mm The present invention is not limted to
t heenbodi nents that have been explicitly described,
but includes variants and generalizations thereof
within the scope of the following clainms .CLAIMS 1
Met hod for manufacturing a down hole notor radia
bearing (7) with an anti-abrasion interior surface
[If), said radial bearing (7) having a tubul ar netal
radi al bearing body (10) having a fixing surface (7e)
for



fixing it into a down hole notor body (3) and havi ng
an anti-abrasion interior layer (11) based on grains

W@ Rooe)p9ssiy ant i - abrasi on material buried in a neCEIB2008/051776
matrix (lid), the nmethod conprising the foll ow ng
steps: a ) providing and hol ding a tubul ar radi al
bearing body (10) having an initial interior surface
(7f ), b ) applying an anti-abrasion material |ayer
(lib) directly to the initial ijaterior surface (7f) of
the tubul ar radi al bearing body (10) by | aser-assisted
facing, ¢ ) after cooling, machining the anti-abrasion
material |ayer (lib) to produce the anti-abrasion
interior layer (11) having a d{ifigk cyI i ndri cal :
interior surfaceﬁé@) havi ng-an—a'g rlate i nsi d
di ameter (DI°) MR o PTG RS 0 2| §P¥R 1 hole motor
char actéiaZ dgtardngha?) wibh ng theli-stepsbold, imtdrdser surface

beamlsfpro%g@d I@alalltq)%%&lﬁ ur©e (ling tHeth@SBr metal

amis .di e nto.th e ral

i wead Ry Shaaybrab (44 Pak e aafflg?flﬁg%%f@ge( {2% for
of t héikhng i dnftoerd alowouhbaeem¢7dn badyer(@)i gnd having an
si nul bﬁﬂﬁ%b&la)élsm amegrﬂm o dke faal n%a@eaaoﬁlé):aans (11lc)

Mt b gleAtiaabrasan et erl Al 0l 05,208 Mhalx (114,

povvder ved

progr éé@lw}ﬁ?ﬁ ﬁOIﬂWﬂé‘-Srlé’dfl ‘ahe b@i’hoﬁgn%oﬂiﬁp@lm to

Jr oduce an aanpredidiasi Ghdreididia laayembulbirb)a6ial bearing
bst I A I

subst apt af aggb{%r% %%Dﬁ%ﬁqgrwf duissial (7s)

interior sur accordi ng to elther

of clains P oRPBRLYIRGhafhcPRITARFASHCR hERteEtaY htevsy (11P)
of thdist¢dpdyb jo the antitiabr dsiteniomt enrddcd ayeéf) of the
(I'ib) cppoduced by 2 | aserassi Yod fachnNg wy ocesrhassasted
$| ck ess El) of about 1 nm4 . Method according to

T haracterized in that, at the end of the

step c ), cheafieml anelingr asharhimineri ahel ay@yticakyasion
has amitdmiknessafyelr) qfhiiBpoutoc produce the anti-abrasion

interior layer (11) having a final cylindrical interior

surface (7g) having an appropriate inside diameter (D1).
20 2. Method according to claim 1, characterized in
that, during the step b), a laser beam is produced by a
laser source (16), the laser beam is directed into the
central passage (7b) of the radial bearing body (10) as
far as a facing area (14) of the initial interior surface
25 (7f), there is simultaneously sprayed onto the facing
area (14) a mixture of anti-abrasion material grains and
" metal powder, and the facing area (14) is moved
progressively in the radial bearing body (10) to produce
an anti-abrasion material layer (11b) of substantially

30 uniform thickness on the initial interior surface (7f).

3. Method according to either of claims 1 or 2,
characterized in that, at the end of the step b), the
anti-abrasion material layer (1lb) produced by a laser-
assisted facing process has a thickness (El1) of about

35 1 mm.



0.75 mm 5 . Method according to claim4 ,
characterized in that, at the end of nachining, the

wo povalossswe eri or surface (1g) has a surface st aPEr/iB20632051776
roughness paraneter (Ra) is less than or equal to 0.4

nm .
characterized in that: - during the step a ), the

6 . Method according to any one of clains 1 to 5

tubul ar netal radial bearing body (10) has no
anti-abrasion interior layer, - during the step b ),
‘the anti-abrasion material layer is applied directly
to the netal .portion of the tubular radial bearing
body (10) . 7 . Method according to any one of claims

1to5, char afqg@fla)gegc &b&ﬁt g;rl!mn% St&ﬁrac}.emed in

the tubul ar netal radia

conpr |

an antPaébr%%l?ﬁ?|qﬂgePFth?a§E@P(¢%n WPS Eén?%p%VFeébraSlon
duri ngatbeist efalgey, t1e ambis- abr ashiorkneaser (EH) | afer about
is applhedyt 0 the anti-abrasion interior |ayer (IIa)

e

be repaired, 8 Met hod. .accor di any on
ims 1 tdDI 4%%?

7 Methad aRTeiYEd it ¢t 6F8T'erlzed in

radiawhbearavu}w@oeyd(Q@)mathessenttkﬂIﬁ}nel Sttegliogf surface
hi gh maghaﬂa@aé shFeng hsieh @ssa ReadnddRatReanbioy (Ra)

st eel d hgd_acg
cﬁarac?erlzed 4 at

8

hod accordi any one of clains 1 to
q Qg 6t% n%/mtl-abrasmn

mat eri al ﬁ5th@e§h%ﬁrﬁ949ﬁdépgl§°cﬁ6§eﬁn¢n0fh@ﬂiﬂmﬂui to 5,
pmnsi&hhﬂgﬁeﬁltaag&tamaearbide and titanium carbi de,

the metal bt MLl Syl Mhpkelol | @10, BN raoian

hol e not or |

bea W th a tl-abraS|
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beari ng bodyd(tD)g othst etkpofb), the anti-abrasion material
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layer is applied directly to the metal portion of the
tubular radial bearing body (10).

7. Method according to any one of claims 1 to 5,
characterized in that:

- during step a), the tubular metal radial bearing
body (10) comprises an anti-abrasion interior layer (lla)
to be repaired,

- during the step b), the anti-abrasion material
layer is applied to the anti-abrasion interior layer
(11a) to be repaired.

8. Method according to any one of claims 1 to 7,
characterized in that the tubular radial bearing body
(10) is essentially of steel of high mechanical strength
such as a heat-treated alloy steel.

9. Method according to any one of claims 1 to 8,
characterized in that:

- the anti-abrasion material of the grains (llc) is
chosen 1in the group consisting of tungsten carbide and
titanium carbide,

- the metal matrix (11d) is of nickel alloy.

10. Down hole motor radial bearing (7) with an

anti-abrasion interior surface (7g), comprising:



hi gh nmechani cal strength such as a heat-treated all oy
steel, - an anti-abrasion interior |ayer (11) based on
wW@nriovogseasi on material grains (lie) chosen i nP@HEB2008/051776

group conprising tungsten carbide and titani um

carbide, the anti-abrasion material grains (lie) being
buried in a nickel alloy matrix (lid) , - the interior
surface (7g) being a circular cylinder, with a surface
state whose roughness paraneterqis | ess than or equa

to 0.4 mm. 11. Down hole notor conprising: - a notor
body (3) with an axial passage (4) in which is fixed a
radi al bearing (7) according to claim110, - a drive

shaft (4) adett%guﬁ.QrC@E&JYaﬁ lgéélllngb'ﬂodgzs) 1@nd JAENRZ1 of
a cyljindrical section

cl ear &h¥e MAC ]ﬁfblcra&dl%ﬁreﬁlgﬁg ﬁg’ ?‘7)as %alhan'gyﬁ‘??dﬁ ?lloy

secti ebe€d) al so having an anti-abrasi on external
llayer based gn apftii-abrasien MBi&Fial w@ims (buyiedskd on
% nICkntlzggrgglon magérlal grains (1llc) chosen in the group
comprising tungsten carbide and titanium carbide, the
anti-abrasion material grains (llc) being buried in a
nickel alloy matrix (11d),
- the interior surface (7g) being a circular
10 cylinder, with a surface state whose roughness parameter
is less than or equal to 0.4 pm.
11. Down hole motor comprising:
- a motor body (3) with an axial passage (4) in
which is fixed a radial Dbearing (7) according to
15 claim 10,
- a drive shaft (4) adapted to carry a drill bit
(8) and having a cylindrical section (9) engaged with a
small clearance in the radial Dbearing (7), said
cylindrical section (9) also having an anti-abrasion
20 external layer based on anti-abrasion material grains

buried in a nickel alloy matrix.



