METHOD AND DEVI CE FOR MANUFACTURI NG A DOWN HOLE MOTOR RADI AL BEARI NG
TECHNI CAL FI ELD OF THE | NVENTI ON 5The present invention concerns the down
hol e nmotors used in the oil prospecting industry to drive drill bits for

drilling th round at great depths. In oil prospecting, to recover
oil or gas}g?%mggmﬁgcessary to drill holes to great de fﬂgﬁmﬂ%HSWﬂ hole 10

notor is used for this, fixed to the lower end of a drillstring, and
driving a drill bit in axial rotation. The down hole notor conprises a
shaft engaged for axial rotation in a notor body and carrying the drill bit
at its end. The shaft is held in the notor. body by sliding 15bearings, in
particul ar a radi al bearing. There fare two types of equi pnent for
down hole notors: turbines and notors as such. These two types of equi pnent
necessitate, for their construction, snooth bearings including

hi gh- per f or mance antj_: i.o 0 'gg@l t _the motors
are driven by the d%?F%?%%ﬁhd%wﬁggé%%%T_ 0 FF%HKhéngﬁ@ g%@??ﬁ%@? It is
this mxture of cuttings and drillinB?idd BHEINSubj ects this equi pnent to
particularly severe abrasion. 25The bearings necessary for the rotation of

t hese turbines and notors nustcsatthsfl yrmpest Seespeakieat i ons that relate
in particularzto geonetilLc e 5,8 t.h ual j t f the steels
used. ' ) eg%%H&%S%gééﬂﬁﬁgéggyQ%@é%ﬁﬁh%ﬁ é%?ﬁre%&?ﬁmﬁﬁfgh 30t he
rubbi ng surfaces &°8%of* dAti abrHSFBRCHAY e P HSETBakR FGMHe gf Hilds PdFS t ungst en
carbi de buried i nfarhdridliet &he ground at great depths. '

' In oil prospecting, to recover oil or gas, it is

necessary to drill holes to great depths. A down hole
i0 motor is used for this, fixed to the lower end of =a

drillstring, and driving a drill bit in axial rotation.

The down hole motor comprises a shaft engaged for axial

rotation in a motor body and carrying the drill bit at

its end. The shaft is held in the motor body by sliding
15 bearings, in particular a radial bearing.

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

2¢ coatings,

In both cases, the motors are driven Dby 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. '

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 guality 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 1is used, a hard facing



mat ri x. Thus the docunment WO 2007/001826 proposes a nethod for
manuf acturing radi al bearings for down hole notors in 35which a tubul ar
nmetal bush is used, a hard facing 2 naterial is applied to its exterior
surface by nmeans of a laser, the material being based on_grains of

anti - abr asi'Uh Y& al buried in a netal matrix. A ste@Fﬁg??@wﬁﬁyﬁlayer is
then applied around the layer of anti- 5 abrasion material by

| aser - assi sted facing. The outside dianmeter is machined to renove only a
portion of the metal outside |ayer. The inside dianmeter is machined to
remove all of the initial tubular netal bush and to expose the inside face

of the hard facing material of the 10int & nediate | ayer. Thi s net hod
enabl es a hard anti-abrasion nmaterial interior |ayer to be produced by
| aser - assi sted facing. However, this nethod is tine-consum ng and

costly because it gec.eﬁs_iitat ei,ggempr. gu(a(:ttieoglozpf SEver al layers. 15 by
nmeans of a | aser mﬁn%rlr?ecesssa}ptpatlé_s a 6_ura |fy of° "AC |,nfyng operations in
which a rel ati vel§sehi ckP¢ ayereoirlm®eiidal P475st Pe FEHGVPed® F&Fther nore,

t he exterior netabrbody, mmtedicledbhyiddasor - aswiesebdwhacizhg, Acatasel produce
a bearing body hayt&ighsa v&fek Nisghnaechani&dla:sunengish 1a)omw o2@naihi gh
mechani cal SEre”%Qaﬁfont D& Dean @% H% Yol S hE0G! 'é&'cghgfofh"“. signding the
particul ar nmechanical str.esses and the vi Of ent_ Shocks t _vﬁmc t he down
hol e notor is subf&eEeEd i JBEM IR aif af & RatTve, @i tpoﬁgéo’bl 8o been.
proposed to 25 pebtaifuceitsiéie ebtvey.i Ake dinsddhi ghemattesngt hnagidakar toet al
body, an interiokekea ngLll ayer thy inpitddir afubanadf mat4mmt visk ofndcopper and

manganese al | oy i.0fQ.A+haY&ls:9E P@Jdoén&}g AR @S AnfBlRE a1 ROVERL -
However, thggmat Il har dness [ ower than could be produced by
30

| aser - si sﬁﬁ%’%"‘%@?ﬁ%ﬁliﬁgﬁ‘ocess in which nickel -based all oys:- can be
used. As an al t &phatietdiod] enpased r thver Bt Prapbed™ &G prbduce t he
radi al bearing i trervrbhbryesf tpard pradsedbbedasathaisl ytadogetar. by wel di ng.
However, there is al Wa¥Sewdr, this method is time-consuming and costly
because it necessitates the production of several layers
15 by means of a laser and necessitates a plurality of
machining operations in which a rxelatively thick layer of
material must be 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. -
A 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 hard
anti-zbrasion material powder. However, the matriz then
has a hardness lower than could be produced by laser-
30 assisted facing, & process in which nickel-based alloys
can be used.
Bs 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



35ri sk of nechanical strength problens because of the 3 welding, and there
is arisk of defective honbgeneity of the structure obtained in this way,
as a function of the angular orientation considered around the axis of the
notor. 5Bearjn roduced by these nethods do not allow. heat treatnment of

t he steel,‘Té2%§?¥§ﬁhlar of the female portion of the 855&%@8”5%@?, to
increase its hardness. The risk of separation of the coating, in particular
fol |l owi ng di nensi onal changes caused by quenching 10 intended to harden

t he bearing body, nmake the operation risk and lead to a | ack of

reliability. These known nethods are not satisfactory, in that the
condi tions of use of down hole notors are”very severe: high tenperature,
presence of abrasive drilling 15mud, presence of shock | oads.

Furt hernore, known nmethods do not provide for bearings to be repaired when
wor n. Now i:al, bearings, n . 3S 2008 ASnRkaY Appears

t hat exceeds the %%g%%%’dﬁggfggﬂa yglgﬁgggﬁn%% %unJ% SenBiel ¢

] . dt hs of [limeter,
as there is then 5% i SRUOF " ExERAGE penetifatthn 35 2t %‘én?ﬁﬁofll Pﬁgt d, which
causes very fast semylapf orhentigdhen ngonsidered arownd thehea®fowf t€ehni ques,

it is then necessasiprpurely and sinply to replace the bearing, which can no

nventton i Lo proviie RiroPRal St B rele e AT e e
radi al bearing th%iﬂh§§e?ﬂ%?g$%ﬂ'%?bﬁég%ﬂe§niﬁaf%¥%%aﬁf°%g?ﬁ ﬁ%&q%hica
strength 30and du?‘éﬁiipiltyf the bearing body, to increase 1its hardness.
The risk of separation of the coating, in particular
following dimensional changes caused by quenching
10 intended to harden the bearing beody, make the operation
risk and lead to a lack of reliability. e

These known methods ars not satisfactory, in that
the conditions of use of down hole motors are very
severe: high temperature, presence of abrasive drilling

15 mud, presence of shock loads.

Furthermore, known methods do not provide for
bearings to be repaired when worn.

¥ow radial bearings must be changed as soom 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 technigues, it is then necessary
purely and simply to zreplace the bearing, which can no

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

The dinvention aims ta provide a msthod 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 methed 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



The invention also ains to provide a nethod of this kind which not only
produces new down hole notor radial bearings but also can be used to repair
or to refurbish worn down hol e notor bearings. 35The invention ains further
to provide _ a nethod of 4 the above kind that is of relatively | ow cost and
in particul™y 2888 ot necessitate a nultiplicity of tFmETBEH g and
costly operations of machining anti-abrasion material surfaces. 5To achi eve
t he above and other ainms, the invention proposes a nmethod for manufacturing
a down hole notor radial bearing with an anti-abrasion interior surface,
said radi al bearing having a tubular nmetal radial bearing body having a
fixing surface for fixing it into a down 10 hol e notor body and havi ng an
anti-abrasion interior |ayer based on grains of anti-abrasion nmateri al
buried in a netal matrix, the nethod conprising the foll ow ng steps:

a) providing and ggédgﬂgma}&ﬂgukggﬁrgg 981f5989ch@Vi an, initial

interior surface an a ras | feria ] ayer
directly to the |ﬂ?’ﬁl&l‘ﬁ“?lht@elsofmgug?%ﬁ,sé‘lB?te[ e "f“&ﬁb?lai‘rcj*?:éid?hl tY¥¥ari ng body
by | aser-assi st ededrsainhey and  costly. opgragfices ool maghintaehi atdg t he
anti-abrasion 20 amieibalndtayedi sorpiceduce the anti-abrasion interior |ayer

having a fina cyli ndrt&a,-lch'l%@r dHS aéH{ré ath Q@ﬂéf‘gaﬁbg a&&f%%ﬁ{forﬂ nsi de
di anet er . Thanks to the. d cgef [ aser.- assi.st ed faci g ? Q: i nterior
Hy LT

surface of the tubtiPEPef ali AFTHY o2 u?igg PefSField’® A net al

bearing body can ¥igsederaEFihdgidRc e eﬁﬂtln@%‘fﬁﬁp’éaﬂn‘iﬁ%ﬁér #ugsaemd f aci ng
does not affect t&eidproegeslt besrioly haeingetatuliplati oecadf radialt batiary body by
exaggerated heatiggsy %v.t;xk@ esaf.@uh ”Emrﬂa%%erfaﬁssiﬁtn%dﬂ:aghﬂg aen&mnes the 30

use of hard fptrigces sych O%X el a@gﬁgd Al %1S&§a@%nt&%t Oh - abr asi on
a

properties of t he Acti Ve sur

rrng are | e sane
tine. layer based on gralns of ant1~abraszon materlal buried in
a metal matrix, the method comprising the following
sLeps:

a} providing and holding 2 tubular radizl bearing
15 body having an initial interior surface,

b} applving an anti-abrasion material iayer
directly to the initial interdlor surface of the tubular
radial bearing body by laser-assisted facing,

c} after «cooling, machining +the anti-zbrasion

20 material layser to produce the anti-szbrasion 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 wmetal 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 ezaggerated 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



In practice, during the step b), a |aser beamis. produced by a | aser
source, the laser beamis directed 35into the central passage of the radial
bearing body as 5 far as a facing area of the initial interior surface,
there is sinmultaneously sprayed onto the facing area a m xture of

ant i - abr asM6h20fH¥98#Pal grains and netal powder, and t hBCTVEEPHGSH/%a is
noved progressively in the 5 radial bearing body to produce an
anti-abrasion naterial |ayer of substantially uniformthickness on the
initial interior surface. O earlysuchfaci ngensuressatisfactory honogeneity
t hroughout the interior anti-abrasion |ayer 10 of the bearing. The
interior layer obtained in this way is ndt sufficiently uniformin

t hi ckness, however, and subsequent finishing steps are provided. At
the end of the step b), the anti-abrasion material |ayer produced by a

| aser-assisted facing 15 process has advant ageously a thickness of about 1
mm  whi ch enable§ﬁ§u5§e&ué%FP9? 8ER3 Rf ndehiTrRYET t HESeRoval§f®only a
portion of the thihekaess simtlitpsecustly- abrasidorrnfat &h¢ afadiagerreand, at the
end of the step Ghxthhe fdsnabknentdbrabicasi aatdmber i taindyesndametal

advant ageousl y hg%@dé‘r,zgﬁlgl Qltf@ %3.19& aQ:QQu:{s Qqcz d @Eogressiveiryhli% leBe

sufficient tg produce an anti-a aS|ontﬂfter|a l.a const an

er o
t hi ckness and god@hdhoeRer? yooM R BFPIHREerT o0 ?%%%Dﬂa%?ﬁﬁfgiconstant

L]

di anmeter. 25At tHevendoofsyhedhnrbialdy vhbiemnibickiesei 6F Sif fHEéeighn
advant ageousl y haweesi®ueshafaest at e whose roughness paraneter Pa is |ess

than or equal to 0.4 pPMkariy  di& MIARANAPP! LESLAS NMUGRLEOsddi@production
of new bearings as Lo the repair,of. Worn beartngs, A0S i AykLrst
application, durifig°¥HE st ep™a)" _ ' . 7
10 of the bearing. The interior layer ocbtained in this way
is not sufficiently uniform in thickness, however, and
subseguent finishing steps are provided.

At the end of the step b), the anti-abrasion
material laver produced by a laser-assisted facing

15 process has advantageously a thickness of about 1 mm,
which enables subsequently, during machining, the removal
of only a portion of the thickness of this anti-abrasion
material layer, and, at the end of the step ¢}, the final
anti-abrasion material layer can advantageously have a

20 thickness of about 0.75 mm.

This is sufficient to produnce an anti-abrasion
materizl . 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 lsss than or egual to G.4 um.

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

30 ' éhus, 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



the tubular nmetal radial bearing body has no anti-abrasion interior |ayer;
in this case, during the step b), the anti-abrasion naterial |ayer is
applied directly to the nmetal portion of the tubular radial bearing body.

, 351 n the §§§2n% case, during step a), the tubular 6 netal_ radial bearing
body conpri's8&"3 %5t i - abrasion interior layer to be r&SdPEEF SISt his
case, during the step b), the anti-abrasion material layer is applied to
the anti-abrasion interior |layer to be repaired. 5Another aspect of the

i nvention proposes a down hole notor radial bearing with an anti-abrasion
interior surface, conprising: a tubular radial bearing body of steel of
hi gh mechanical strength such as a heat-tfeated alloy steel, 10for exanple
an AFNOR standard 42CD4 type all oy steel or an Al SI standard 4140 type
alloy steel, an anti-abrasion interior |ayer based on anti-abrasion

material grains c n pn..the group conprising tungsten carbide and

titani um carbi de, Q%iag_aﬁﬁl—agbr%esﬁ%ﬁg 1§%¥eﬁog TR s b&Thy BarFER in a

ni ckel all oy matrtXeT Pheld¥ftterticoPes e8I belhthd scicresd Auréyd iHder, with
a surface state witge Moughaesstipabaasicer masedieds Layan ior spgladd ttw 0.4 pm
Anot her aspect of tidi@ntineihi 05t RhOPOSRS1&How ROhebs gt or conprising: a
mot or body wigh an axi S LN i I i a ial bearing as
defi ned herei naboy %Ot%? %gg?{:vegt%hgpef gﬁ‘gépr{&gbgétgg{g%s%f a dé? bit and

) a I . )
having a cylindri %"2]1e JBERT oAy abRRF WPt W Sfmppti-abrasion intexior

surface, compriging: :

-~ & tubular radial bearing body of steel of high

mechanical strength suck as a heat-treated alloy steel,
10 for ezampie an AFNOR standard 42CD4 type alloy stsel or
an AISI standard 4140 type alloy steel,

- an anti-abrasion interior laver based on anti-
abrasion material grains chosen in the group comprising

- tungsten carbide and titanium carbide, the anti~abrasion
15 material grains being buried in a nickel alloy matrix,

-~ the intericr surface being a circular cylinder,
with & surface state whose roughness parameter is less
than or egual to 0.4 um,

Another aspect of the invention proposes a2 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 secition
alsc having an anti-abrasion external layer based on
anti-abrasion material grains buried in a nickel alloy
matris. S o

' 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 & diagrammatic vigw in longitudinal

35 section of a down hole motor for the oil prospecting



25 clearance in the radial bearing, said cylindrical section also having an
anti-abrasion external |ayer based on anti-abrasion material grains buried
in a nickel alloy BRIEF DESCRIPTION OF THE D 30O her ains, features and
advantage invention will enmerge fromthe follown Particul ar enbodi nents,

gi ven wi t h “SPpENEEY% i gures, in which: - FCGUPRR0SOSIYS o

di agrammati c view 35section of a down hole notor for the NGS t he
present description of erence to the In |ongitudinal oil prospecting 7

I ndustry; - figure 2 is a detail view in |longitudinal section of one

enbodi ment of a down hole notor radial bearing of the present invention; 5-
figure 3is a detail viewto a larger scafe

industry; _

- figure 2 is a detail view in longitudinal section
of one embodiment of a down hole motor radial bearing of
the present invention: '

5 - figure 3 1is a detail view to a larger scale
showing the structure of the anti-abrasion laver of the
figure 2 radial bearing;

- figure 4 is a diagrammatic side view illustrating
the step of laser-assisted facing with an anti-abrasion

10 material to produce the figure 2 radial bearing, starting
with a tubular metal body; ]

- figure &5 illustrates diagrammatically, in side
view and in section, a step of facing a worn radial
bearing to refurbish a figure 2 radial bearing; and

is ~ figure 6 is a diagrammatic 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 2 diagrammatic
20 view in longitudinal section of a down hole motor like
those used in oil 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 =z

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 bedy 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 in the axial

30 direction, in particular for pushing the drive shaft 5
downward, and by a radial bearing 7 adaspted 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 wvirtwe of the rotation of the drive shaft 5,



showi ng the structure of the anti-abrasion |ayer of the figure 2 radi al
beari ng; - figure 4 is a diagranmatic side viewillustrating the step
of |aser-assisted facing with an anti-abrasion 10 nmaterial to produce the
figure 2 radial bearing, starting with a tubular netal - figure
5 illustrat¥2@EEFmatically, in side view and in se@FTG%mm%ﬁ§Vép of
facing a worn radial bearing to refurbish a figure 2 radial bearing; and

15 - figure 6 is a diagrammatic side view in |ongitudinal section
illustrating the machining step for finishing the figure 2 radial bearing.

DESCRI PTI ON OF PREFERRED EMBODI MENTS Consider first figure 1,
which is a diagrammatic 20 view in |ongi Budinal section of a down hoI e
notor |like those used in oil prospecting. The down hol e notor,

general |y designated by the reference 1, is placed at the end of a

generally vertical _d | d is therefore located at the bottomof a
25 drill hole 2. Ilj’foguces sﬁthlel gglco er seas a tubular notor body 3 with an

axi al passage 4 and a v@‘%’hdﬂ-}-eS MoEPAEt dblyP rsiFeRdiP nTeFELRHt &Y body 3.
The drive shaft Spiessguizied dnitHegnotet biodpc8:onftdre de handfawe an axi al
thrust bearing 6 ﬂ%ﬂbl@%ﬂeoaﬁbélobhséﬁé3@$ Widnheraiial ma0 idi E&:@tt'oon In

particular faof pushing ebx:ylsvet shafl o d g\@trtq gndl,gymgg | bearing
3P0 SB-1agh &Ty ST 56 %

7 adapted to guide the rive

The free end 5a o‘Fm%ﬁEg?jﬁ“\?ed’é’H&flf’gSm‘@(t‘:éﬁﬁ% fﬁth%fs“Fﬁ%CWBPn di¢ 3 and is
adapt ed to carry ®etdri bddybptirg tBEWHHIGA, hdde Vi.rtue of the rotation of the
drive shaft 5~ WO2009%D2BeASRGH, 1820034656 15hé8+ 85 pruedsicas at Bpedl idzl hol e 2.

about 100 to 300 revelutions per minute.

io Because of its position very far away £from the
operators, deep at the bottom of the drill hole 2, the
down hole motor 1 must be highly reliable to prevent the
risk of Jjamming.

For this, the drive shaft 5 must be guided with

15 great reliability, especially by the radial bearing 7.

The drilling mud must also be prevented Erom
penetrating into the clearance between the radial bearing
7 and a corresponding radial guide section 9 of the
rotary shaft 5.

20 For this purpecse, a radial bearing 7 is produced
whose dimensions are particularly precise so that the
clearance between the radial bearing 7 and the radial
guide section ¢ 1is sufficiently small to oppose the
penetration of abrasive particles contained in the

25 driiling mud. .

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

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 ¢ whose surfaces
have good anti-abrasion properties, provided by anti-

35 abrasion materials that are particularly strong to oppose



The down hole notoris driven in rotation by pressurized drilling nud
injected fromthe surface through the axial passage 4, which drilling nud
is fedto 5 the drill bit 8 to extract the cuttings. The m xture of
cuttings and drllllng mud rises to the surface around the motor body 3 in
the drill RKdP&0Ysse In operation, the drive shaft PSVRIFREHYS a” speed
of about 100 to 300 revolutions per mnute. 10Because of its position very
far away fromthe operators, deep at the bottomof the drill hole 2, the
down hole nmotor 1 nust be highly reliable to prevent the risk of janm ng.
For this, the drive shaft 5 nust be guideg with 15great reliability,
especially by the radial bearing 7. The drilling nmud nust al so be
prevented from penetrating into the clearance between the radial bearing 7
and a corresponding radial guide section 9 of the rotary shaft 5. 20For

this purpose, a radjia hry a,re' Qﬁfect' ﬁfwh%daefﬁl\p@%@d d%ﬁ@r@ Qg Addy

particul arly precjse g cl earance némeen 't he % bearlng 7 and
the radial gui de S&EL orP??“’lgs &hf 13 cPBRET Vs nfTH % 8P% é“ef etration
of abrasive parti&iuessdomprabatdern the 25drilling nud. ‘ As soon as a
cl earance exceedi ng t hen noarel el @avancendry thet padishubdsedichs dk a

mllineter anspearﬁartt Qﬁbf&@ % Rear kg 7m1{9{5§>eb§h 2h9ed, r ki Hes a

ti me-consum ng and tenance g OQGCGSSI tdatl n% t he
erlo re c% & ??qusl% € preovide
extraction and disnan qg e en |re
shown in 1gure 1, a radial bearlng 7 fastened into the

motor body 3. The radial bearing 7 is therefore a tubular
part in the form of a bush whose interior surface forms

ic the guiding suxface of the radial bearing 7 and whose
exterior surface is conformed to f£it dinto the motorx -
body 3. '

Consider now figure 2, which shows to a larger

scale an attached part of this kind forming the radial
i5 bearing 7.

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 & thicker distal section 7¢ and a thinner

2¢ proximal section 7d, the two being concentric and having
2 continuous axial passage 7b of constant diameter.

Thus the ouiside diameter of the proximsl settion
7d is smaller than the outside diameter of the distal
section 7¢ s0 as to fit into one tubular end of the motox

25 body 3 as shown in figure 1.

The outside surface 7e of the proximal section 7d
therefore constitutes an ocutside surface te be fizxed into
the moter body 3.

The peripheral wall 7a includes a cylindrical

30 interior surface 7g whose inside diameter DI is perfectly
adapted te receive with a small functional clearance the
radial guilde 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 stesl with



For this purpose the invention provides a radial bearing 7 and aj adi al
gui de section 9 whose surfaces have good anti-abrasion properties, provided
by anti- 35abrasion naterials that are particularly strong to oppose 9 any
abrasive effect of the drilling nud, the bearing body itself being of a
materi al h¥AWEYEI8 mechani cal strength properties. | REFHREB0EET gi ven
that the radial bearing 7 is a 5 part subject to wear that nust be changed
or refurbished periodically, there can advantageously be provided, as shown
in figure 1, a radial bearing 7 fastened into the notor body 3. The radi al
bearing 7 is therefore a tubular part in the formof a bush whose interior
surface forms 10 the guiding surface of tiffe radial bearing 7 and whose
exterior surface is confornmed to fit into the notor body 3.

Consi der now figure 2, which shows to a |arger scale an attached part of
this kind formng the radial 15 bearing 7. The rt 7 formng the
radi al bearing i ghjtg‘r%lerméef:g?%mﬁ&t ﬁgﬁ?régrttfparsf?h h&vi ﬁgtﬁga%%ﬁe WAL 7a
surroundi ng an axf@®elt sugh- prisabersipn THerger | piveral!l vierring @enpri ses a
t hi cker distal sebtteghed csarthca bl nifer oBzirpr sediimdkciseyt irephamd,cathe t wo
3_ei ngt concentri .cTs%l@ng%v,i r\gatea_aggmwwa% axi %Enpaﬁ'ﬁﬁiégéfhﬁﬁz eoen%tf?gt _

i anet er. out si angt er ; r s is
smal | er thanthe %&? g%)dgt%ﬁ%anseﬁlg?ﬁoef n%%‘e ‘38?;&%%1}?‘%5%8??%%8 §§£%R%%f&o fit
into one tubul ar BdT8FYRISEHot - SEBBRN $2514 SHERA RFEICOYLT ety the The
out si de surface AFNGR Fiwrcpr oxdmakd sacRLSH 42d0t hieyedf ereoidngt ¢ dthes an
out si de surface timtBendiiead: idd=adqdfie notor body 3. The peripheral wall 7a

ncludes a cylindri caly30,L0Lad Bbas U 366 £9 MDRSEnEISIGe ! angher DL 1S
perfectly agﬁpt e(c}Pto recelve wth a snall functional ¢ ear %ncj[e the radi al
gui de secti of 9 OF“FRE  drfvESSIdRt 2BPEPP RS 177 RE258%h PRY 11 GuPB 2, in
| ongi t udi nal sectdeo®arthie Ffaditapl bad ipagtyy off tdv@cdommtarérés notieeli n
reality conprisesfoaming the metal base receiving the anti-abrasion
interior layer 11,
The anti-abrasion interior layer 11 1is based on

15 grains of anti-asbrasion wmaterial buried in a metal
matrix.

Figure 3 shows the structure of the anti-abrasion
layer 11 to a larger scale: the grains llc of anti-
abrasion material axe buried in the metal matrix 1ld.

20 The anti-abrasion material of the grains l1llec is
preferably chosen in the group consisting of tungsten
carbide and titanium carbide.

At the same time, the metal matrix 1id
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 Su:r:fai:_;é-;?:g’_ié a pirculdr éylinder with a surface
‘state whose roughness paramster Ra. is less than or egual

30 to 0.4 pm. o o

. To manufacture this kind of Gown hole motor radial

¢ bearing 7, it is -advantageous to use a method producing

‘an - anti-abrasion - layer 11 ‘that is particularly

_homogeneous azﬁtg;::mééhanicaliy strong; perfectly attached
35  to the radial bearing body 10. o



35t ubul ar radi al bearing body 10, essentially of steel with 10 high
nmechani cal strength, such as a-heat-treated alloy steel, and an
anti-abrasion interior layer 11 formng the Interior surface 7g. To obtain
sati sfactory nechani cal strength, the bearing body 10 can advant ageously be
of 5 carbdk?3W¥EP5Eyitabl e for quenching containing cRFEMBAIMRGEH]

nol ybdenum for exanple 42CD4 steel according to the AFNOR French standard
or AlSI 4140 steel according to the international standard. The bearing
body 10 can be nmade entirely of steel. 10 However, in certain
applications, the bearing body 10 can be gartly of steel and partly of
other materials, steel form ng the netal lbase receiving the anti-abrasion
interior layer 11. The anti-abrasion interior layer 11 is based on
15 grains of anti-abrasion material buried in a netal matrix. Fi gure
3 shows the structure of the anti-abrasion layer 11 to a |arger scale the
grains 11c of anti -abﬁé{s?%‘?l FfeFiEt ZPEH Pod i THETNBEHI™SRALPT x 11d. 20
The anti - abr asi ofbaaeei-abrafionhaatprtinhs Nt iptngrakeahbing gldesepein t he
group consi stingzobidamgst pacic adigdes i@, t bt athaymieasbideraAl tvher same
tinme, the metal Mkrige bkhining toRdVAMAGEOMTLYaE YShetsriah . a nickel al | oy
having a hig 25hardn%§g. iilfor correct guhdgenrge,. Q.fsré:.‘efdrl-ve shaft 5 and to
11 At The sane tine,’ BEELUW " BF 1 he® gt egfsjﬁafre'neggl%?‘ FRE="=

anti - abrasi on natBfid theaéhPHiatg Paper ERNYERS HstragdadyBrardddabofich as
possi ble, as theytlead to rapid wear of the machining tools through renoval

of material. Figure 4 shows +the device used for implementing
this method.
10 In this device, a radial bearing bedy 10 is placed

in a horizontal position; i.e. with its longitudinal axis

I-I oriented horizontally, the radial bearing body 10

being held by & rotary spindle (not shown) that can drive

it in rotation about its axis I-I as 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 Tb of the radial bearing body 10 and adapted to
spray onto & 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 & cyclone. toward the outlet 13b. The

30 facing head 13 is mounted at the end of an axisl tube 13c
the wupstream end of which remains outside the radial
bearing body 10. A laser source 16, for example a laser
dicde, 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¢c and is deflected by 2z mirror 17 in the



The invention uses a | aser-assisted facing process inside the tubular part
formng the radial bearing body 10. Figure 4 shows the device used
for inplenmenting this method. 10In this device, a radial bearing body 10 is

pl aced in horizontal position, i.e. with its longitudinal axis |-]I
oriented hgy?%’ﬁ@%sﬁfgy, the radi al bearing body 10 bei nd’cﬁgﬂfo%@ﬂgérot ary
spindle (not shown) that can drive it in rotation about its axis |-I as

shown by the 15arrow 12. In the enbodi nent shown in figure 4, the
radi al bearing body 10 is an alloy steel body that has undergone heat
treatnment to harden it, like that showm in figure 2. The device further
conprises a facing head 13 wth 20 di mensi‘ons 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

bear i ng bOdy. 10 armi)étlu%ﬁ'e%tc'gﬁatt%lwag@t@'liexo@%ﬂe%yiﬁ?weqzhé%cg‘ﬂgiJ:Ie% FaSi on
material grains, 1h a 2 radral jet 15, at the sane tine as radi al | aser
beam i npi nges on %?ﬂagPaBP?ﬁf%%réﬁg%ﬁﬂ guides thy fsget PEEt Fh&F ¥Ry head 13
i ncl udes a radi al tésndaetariBadmithh Sapoadbeadgayer fernezlie prtadiiteh t he
powder noves in afgyieboneat opard the outlet 13b. The 30 facing head 13 is
mounted at the end of @ RUahnipbe 436 LNGHPSLEEYRE] ©F W Gl emmi ns
out si de the radlag bearlqg3b$%y 10., A'laser soyrce 16, for exanple a |aser
di ode, or a CO2 | HEF SBE VAGTFASEY 0ra®Tiher THSer "Brddtces ta | aser
beam t hat pr opagateshakitdie Farina peed5dxicar ReuBevaB# R inslderiddt ed by a
mrror 17 in the md2meadi alexdi ERCt bOHN thewdntetihe cutrifete 13H off tdbe faci ng
head 13. An opticala;systar:ayivies thecl 296k Hesmidacibe &xicak iuhe 13c and
n the facing heagd Li 1o JOGHs Ho Rt Reldesf 3Rh PG Radks RIDGATSCTD!Y
formed by the facing Fead 1 ,andacfl‘ng_ )
of © the radial  bearing boedy 10 about the axis
I-I.
In the embodiment shown in figure 4, the radial
bearing body 10 initially has no anti-abrasion material
15 layer and the facing operation produces the whole of the
anti-abrasion layexr 11. ‘
Thus by using the device shown in figure 4 to
produce a down hole motor radial bearing with an anti-
abrasion interior surface 7f, the exterior surface oI 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 materizl layer 11 is applied
directly to the interiocr surface 7 of the tubular radial
25 bearing body 10 by laser-assisted facing by means of the
facing nozzle 13. The laver is 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 D1,
Figure 6 shows the machining step, using a grinding
35 toel or other tool 18 for removing material that is moved



| aser source 16 can be noved axially along the axis I-1 so that the facing
area 14 can be noved with a helicoidal novenent over all of the interior
surface 7f of the radial bearing body 10 through a conbi nation of the axial

10 novenen acing head 13 and the circular nov nt_of the radial
beari ng boé@&%{@%fﬁ%g)&t t he axis In the enbodi rren?'ggf BHE | gure 4,
the radial bearing body 10 initially has no anti-abrasion material 15

| ayer and the facing operation produces the whole of the anti-abrasion

| ayer 11. Thus by using the device shown in figure 4 to produce a
down hol e notor radial bearing with an arltsi -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-1, the radial bearing
body 10 having a cylindrical interior surface 7f. An anti-abrasion materi al
! ayer 112|55bapp! l%g@%é&%h% Jt.rf tkaeagi%tleai%ct;%f@%egﬂiieofm& hfafcﬂtg!gul ar

radi a eari aser-assj ste i ng .by neang,_ of .the facing
nozzl e 13. The Ig%earﬁ?% e ?ﬁegd Br 56%%‘:[95{%?“ %ﬁe a‘% Al ‘mover®HT 8F the
facing nozzl e 13 H8 b3* r SREHTHT2EBSUL Meheridti slaver ofih hBayin#i aPFtbeari ng
body 10 so that tihétiacitbdchres EAL of calpiugs Isucc eysreedwingl hatdrdaporti ons
30of the interiorsuidace off ofe thg1r ati alndear iNgohd¥edOan anti-After
cooling, the antisabrasi on meleri gl layer . rmeliagg.d duPraduse,e final
cylindrical inter] (%r surface 7g havi’nd an appropriate dlgmﬁ er D .

Figure 6 shows tHe nelhi nFiy <89 - dBFHgeE gPitarhg ‘95t Vol *Bictot R8r tool 18
for renovi ng mat eeicdectlivatchildndgoired ab8 mpregidssindel §ad ma t heughvieab :
direction |-1 whidaeakdwerr adi ajhabeatsi pgehodyi$01kss teHapedraboutit he axis
I-1. Starting frqomap,anti-abrasion material layer |lib having an initial

t hi ckness El of about c1

by renovin Jrat rial 5 by means of the tool 18
there i s obtained an aﬁf‘?y‘]ﬁeﬁr é‘é)f”o%g?‘?ﬁfgr 1 FPREN VS ¥P'ﬁa11’r°tcﬁfﬁkﬁ ss EF of
about 0.75 mm tHecirhad rtiedi deasing at etTgbof regorehtioneger feckry
cylindrical and esaxbklshanthehas:iaatr cighness paeaneterioRa suhdbcd s7greferably
|l ass than or equaleib@rel39.41RMnis case, the same means are used as in

15 figure 4, and those means are identified by the same
reference numbers.,

The only difference is thai.:,. 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 11lb on the szurface 7£f of a layer
lla te be repairsd. The subseguent machining step shown

25 in figure 6 is ths same as before.

Depending on what iz required, for example to
compensate heavy wear of the radial bearing 7, or to
provide a thicker anti-azbrasion material laver 11, a
mueltilayer deposit can be formed in a number of

30 -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 layer, the
machining step is carried out to remove material, Zfor
example to a thickness of about 0,25 mm.

35 The present invention is not limited to the



Consi der now figure 5, which shows the process of facing a radial bearing 7
to be reconditioned, to reestablish the exact shape of the interior surface
79 (figure 2). In this case, the sanme neans are used as in 15 figure 4,
and those neans are identified by the same reference nunbers. The
only differ¥Aé®P¥that, in this situation, what is fad&dTPFRBPMHY al
bearing body 10 already provided with an interior | ayer ha of -
anti-abrasion 20 material, for exanple a | ayer that has been deforned by
wear of the radial bearing 7 in use. According to the invention, the
facing is effected by depositing a layer |l b on the surface 7f of a |ayer
ha to be repaired. The subsequent nachlnlhﬁ step shown 25in figure 6 is the
sanme as before. Dependi ng on what is required, for exanple to
conpensat e heavy wear of the radial bearing 7, or to provide a thicker

anti-abrasion natgrial; Laver .11, g?@yl L gyeerggle&%#t G%%gr_laa forhq&d in a

nunber of 30 , success|ve passes 0 aci ng nozz ‘the interior
surface of the radF& dBea¥ nB%dV‘dl(FenﬁF?Jé‘rza bt EREFRRE &?Lt‘f’“'ﬁé Fhgst

anti - abrasi on nat e¢drs of ayper follwerinmchieaiiag step is carried out to renove
material, for exanple to a thickness of about 0.25 nm 35The present
invention is not limted to the 14 enbodinents that have been explicitly
descri bed, but includes variants and generalizations thereof within the
scope of the following clains. 15 CLAI M 1. Method for

manuf acturing a down hole notor radial bearing (7) with an anti-abrasion
interior surface (7f), said radial bearing (7) having a tubul ar netal



5 radial bearing body (10) having a fixing surface (7e) for fixing it into
a down hole notor body (3) and having an anti-abrasion interior |ayer (11)
based on grains (11lc) of anti-abrasion material buried in a netal matrix
(11d), the method conprising the follow ng steps: 10a) providi ng and
hol di ng a tubul ar radi al bearing body (10) having an initial interior
surface (7f), and a central passage (7b)i> b) applying an
anti-abrasion nmaterial |ayer (11b) directly to the initial interior surface
(7f) of the 15 tubular radial bearing ¢y 10) by | aser-assisted facing
wherein a | aser beam . t in SEN | .p e he

radi al bearlng bod ﬂ; SMéE %ggs gg'%gﬁhg a%' ?1@%§ﬂ? }&% |n|%té
interior surfdéé& %f ea“éh%lgt Ffé)r gith ﬁWénéBﬁ%ﬂP%ﬁr%d%‘nﬁﬁr?ﬁ‘éefaC| ng
area (14) a 2G7fm,xt$E[:ei ofadnal - alkasngn At ehbaingr ai n&;mrthﬁremetapovxder

c) after gool 'x%wgasegmﬁg 5L, amd) %Ql;f@?ei 1§ ﬁ%&ﬁ{ aéml e ((7%;1

produce the ant.i rasion Tnterior ﬁ i'nal rlcal
interior ZSSUFFééég(?ﬁ)1ﬁ§9lﬁgd§wna§ﬁ §pfPsPE PRV d 3H|aﬁ€téﬁvf¥ﬂ)an

2. Met hod accemtiingbtastdmi ihierhar bofer | zeTh | Basdhit ondakhbgst heist ep b),

the |aser beapgd egogﬂgggnﬁy fhdddien BAECE {4 d; T%Gi the.ac igaprea (14)

is nmoved progressiv rod
antl-abra3|ontﬁﬁtEFF%Pdl%ﬁmﬁr%ﬁPPﬁ)tBF §9%%ﬁ%&ﬁ9aﬂtP?Sunlforn1th|ckness on
the initial interioa) sprdwicBny/fand holding. al\/tthbasdaﬁccfaaﬁiamgbbaxeng her of

;L?:?zb%agron ngpggggPeﬁggggg(Tﬁb?g%$%%%cegxg%gg‘Iaser- gg % ?aC|ng
process has aCFRtERKeB3ISFEY Oflabout 1 nm 16 4. thhod accordlng
to claim 3, characteyiagshyihd hat, aatlt-anrﬁmbrpfmat@rfstlepm}ertfnen‘:i nal
ant - abr 25| O gBLEEL! e Ehel Abh S uddLASRES el Bl O 18P0 Oufs ™
15 tubular radial bearing body (10) by laser-assisted facing
wherein a 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 (7f}, and there
is simultaneously sprayed onto the facing area (14} a

20 mixture of anti-abrasion material grains and metal
powder,

¢} after cooling, machining the anti-abrasion

material layer (1lb) to produce the anti-abrasion

interior layer (11l) having a final c¢ylindrical interior
25 surface (7g) having an appropriate inside diameter (D1).

2. Method according to claim 1, characterized in
that, during the step b}, the laser beam is produced by a
laser source (1L6), and the facing area {14} is moved
progressively in the radial bearing body {(10) to produce

30 an anti-abrasion material layer (1lb) of substantially
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 (11b) precduced by a laser-

35 assisted facing process has a thickness (El) of about

1 mm.



55. Method according to claim4, characterized in that, at the end of
machi ning, the final interior surface (7g) has a surface state whose
roughness paraneter (Ra) is less than or equal to 0.4 pm 6.
Met hod according to any one of clains 1 to 5, 10characterized in that:

- during tEO3%8%%3° the tubular netal radial bearing B58d§2%%F 7has no

anti-abrasion interior |ayer, - during the step b), the anti-abrasion
material layer is applied directly to the netal .portion of the 15tubul ar
radi al bearing body (10). 7. Method according to any one of clains 1
to 5, characterized in that: - during step a), the tubular neta
radi al bearing body (10) conprises an antf®abrasion interior |ayer (11a)
20t o be repaired, - during the step b), the anti-abrasion nmateri al

| ayer is applied to the anti-abrasion interior layer (1la) to be repaired.
8. Method according to, an e.of clains to, 7 25 characterized in that
the tubul ar radial beafi n&egga?/ ?iﬁrgilgg eé%eﬁjﬁlgll Py SEagﬁcéigfl%?g[ﬁrbh
nechani cal strengfhoudh 58e pridesaf- thedtted al dpestdl, anti-abrasipen Vet hod
according to any smeexmklcliyss 1(1l0 Shazhar achierkhazed i(BFf hatf: 3Beut he
anti - abrasi on mat erfknof the grains (1llc) 1s chosen in the group

consi sti ng OfSt ungst en59a'}~£zi11:ggd aaﬁ‘cgcotridgggr;“gom c%ligi g.,e’ characterized in
that, at the end of machining, the final interior surface
(7g) has a surface state whose roughness parameter (Ra)
is less than or equal to 0.4 pm. ‘
6. Method according to any one of claims 1 tec 5,

10 characterized in that:

- during the step a}, the tubular metal radial
bearing body (10} has no anti-abrasion interior layer,

~ during the step b}, the anti-abrasion material
layer is applied directly to the metal portion of the

15 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
bedy (10} comprises an anti-abrasion interior layer (lia)

20 to be repaired,

- during the step b), the anti-abrasion material
layer is applied to the anti-abrasien interior layer
{11lz) to he repaired.

8. Method according to any cne of claims 1 to 7,

25 characterized in that the tubular radial bearing body
{10} is essentially of steel of high mechanical strength
such as a heat-treated alloy steel.

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

30 - the anti-zbrasion material of the grains (1le) is
chosen in the group consisting of tungsten carbide and
titanium carbide,

- the metal matrix (1id} is of nickel alloy.

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

35 anti-abrasion interior surface (7¢}, comprising:



- the nmetal matri

conprising: 17

x (11d) is of nickel alloy. 10. Down hol e
notor radial bearing (7) with an 35anti-abrasion interior surface (79),

a tubul ar radial bearing body (10) of steel of high

mechani cal strength such as a heat-treated alloy steel, an anti-abrasion

%@?”based on 5 anti-abrasion material PGFABHSIHE) chosen
in the group conprising tungsten carbide and titanium carbide, the
erial grains (11c) being buried in a nickel alloy matrix
the interior surface (7g) being a circular 10 cyli nder,

interior | &yepooy

anti -abrasi on mat
(11d) ' -
with a surface st

at e whose roughness parapeter is less than or equal

to 0.4

gm 11. Down hol e notor conprising: 7 - a notor body (3) with an

axi al passage (4)

claim10, a drive shaft (4) adapted to carry a dril

cylindrical secti

in which is fixed a radial bearing (7) according to
bit (8) and having a

9 th dj.al
bearing (7), sai dO(r:]yl(l %&I%%E%%CF?%T?%( ear]rnsgo bn%r aﬂg‘? B Peerla o

an® an faprasi on
20ext ernal | ayer bidedreshanial- srgseth ﬁ‘ﬁ‘f%r?%lagP%?%strBﬁW%dalr]ﬁYa ni ckel

alloy matri x.

ic

15
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steel,

~ an gnti-abrasion interior layer {11} based on
anti-abrasion material grains {1lle¢) chosen in the group
comprising tungsten carbide and titanium carbide, the
anti-abrasion material grains (lle) being buried in a
nickel alloy matrix {l1d},

- the interior surface (7g} being a cirecular
cvlinder, with a surface state whose roughness parameter
iz less than or egual to 0.4 pm. ‘

11. Down hole motor comprising:

- a motor body (3) with an axial passage (4) in
which is fized a «radial bearing (7) according to
claim 140,

- & drive shaft (4} adapted to carry a drill bit
(8) and having a cylindrical section (39) engaged with a
small clearance in the radial bearing {7}, said
cylindrical section (9) also having an anti-abrasion
external layer Dbased on anti-abrasion material grains
buried in a nickel alloy matrix.

15



