BEARI N tion relates to an inproved bearing. Particul 29 yyL 2003
t hough ely, the invention relates 5 to an inproved bearing
assenbl y, €600 t hrust bearing assenbly, which may be used in down-hol e
applications, eg. down-hole drilling appljcations, such as in the oil/gas
production industries. Thrust bearing assenblies for use in down-hole 10

appl i Lhe ComfsbhblkfEnTedsi AFB"RELRTIRG! BoChrARENEgasseNDl ¥
and h‘ﬂﬂl ﬂ‘m Mad bear = . achi eve
this hrust bearings may be nounted in |ine to provide
suf fi ci ent!®®¥5d and shock capacity. |In conventional bearing assenblies 15
this introduces a problemas the |oad may not be shared equally between the
series of bearingstihi chlm&§TEQWI t TPH2EREesEPYe Aear "B V&d urkeadiinghe or
nore of the bearings. This problem can be mtigated by use of assenblies of
springs and spaderElaheydhoudesets x¢ s iyelyonphex inHenbiont xekatem
addi ti onal problemin down-hole apparatus is_that space tends to be
limted It i% aRDobjBR¥O¥VEdatPqadddid oA6SEEPeyr 039t h@ pEleseat BRAHTIDN to
obviate or mtigate the aforenentioned problenms in the prior art. 25 It is
a further objariediliat Wkeh wme kebededein ¢PwarhebasaPrhicashunt, gt he
present invention to seek to  REPLACEMENT SHEET 2 9 J U L 2003 2 provide a
flexible, |oaPwhdrekry, daatling @rrdd adairdnfy assehblay vk t thaccorldigsp to a
first aspect of the present invention

production industries.
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Thrust bearing assemblies for use 1in down-hole

10 applications have the conflicting requirements of a thick
shaft assembly and high axial load bearing capacity in a

small cross~section. To achieve this a number of thrust

bearings may be mounted in line to provide sufficient load

and shock capacity. In conventional bearing assemblies

15 this introduces a problem as the load may not be shared

equally between the series of bearings which may result in
excessive wear or failure of one or more of the bearings.

This problem can be mitigated by use of assemblies of
springs and spacers. However, these tend to be complex in

20 nature. An additional problem in down-hole apparatus is
that space tends to be limited.

It is an object of at least one aspect of the present
invention to obviate or mitigate the aforementioned
problems in the prior art.

25 It is a further object of at least one embodiment of

at least one aspect of the present invention to seek to



spaced by a first body, the first body having neans fo exl ng. nen
a load is applied to the bearing assenbly the first body may be dau i
fl ex. Advantageously the flexing nmeans nmay conprise at |east 10 one groove
or notch formed on the first body. Preferably the first body is
substantially annular in shape, the at |east one groove preferably being
formed on anjeutenesurfage,obithe fi4pt <RQEYngAVAN AGEOUS Yod NBeLoRYE | S
substantiall§ %—shgped. 15XT e first(%oay na?gbe%ﬁ%ﬁ y nnd%tegeto a body
to which | oad.i | i in use. Preferably a first annular surface of the
first body igsggggggégﬁaffh a first annular raceway. Preferably also, a
second annul ar surf t first 20 is provid ' :
%8@%%9%30% d qjler% reP et SoP' oYL ng%EP ’i‘ﬁ@ﬁ%?gn

annul ar raceway. usly t st and second bearing elenents

each

conprise a plurality aof halls he fit an ng. _bearing e t

preferably bgﬁﬁﬁeréfbﬁ9§yﬁ%ﬁdn%vgﬁ%ﬁ géﬁéﬁ%ﬁ%gﬁg 1A % s%%%%g ARul ar

raceways of the first 25 bady. In a preferrgd arrangene t he. neans f.or

floxing  REPCACERENF SRS 908 [Pipsn BorPLuBodShotten | bhur t BarHa

axis of the Lirst bod%. F¥rth%r, i.n the preferred arrangenent the groove is
aving means for flexing.

t here is provi ded a bearing assenbly having at | east tm?pEA@rEMENﬁ‘lsswEEE'F
Sl 2

Thus when a load is applied to the bearing assembly
the first body may be caused to flex.

Advantageously the flexing means may comprise at least

10 one groove or notch formed on the first body.

Preferably the first body is substantially annular in
shape, the at least one groove preferably being formed on
an outer surface of the first body.

Advantageously the groove is substantially U-shaped.

15 The first body may be rigidly mounted to a body to
which load is applied, in use.

Preferably a first annular surface of the first body
is provided with a first annular raceway.

Preferably also, a second annular surface of the first

20 body is provided with a second annular raceway.

Advantageously the first and second bearing elements
each comprise a plurality of balls, the first and second
bearing elements preferably being received for movement
within the first and second annular raceways of the first

25 body.

In a preferred arrangement the means for flexing



provi ded substantially circunferentially around the first HEFdIyACEMENIr T

to a second aspect of the present invention there is provided a b8atiln
assenbly having at |east two bearing el enments spaced by a first body, the
first body being at least partly flexible. According to a third aspect of
the present invention 10 there is provided a bearing unit conprising at

| east one and preferably a plurality of bearing assenblies according to the

first aspect s fduantagapus! ¥ ooaoh adhagent head N Asaehl page spaced by a

second body. 15 Preferably the secon is substantially annular in

shape. The secondeggyeggngp gﬂgiﬁ%éfggggéegrggn%e wrtchery, bo, %%Qem@'ch

|l oad is not (direc appliedin eferably-a first ann surftace

of the secon 0.l LQVI. i g, i nnul ar P ably
al so, a secoﬁagggéﬁ afh§ﬁg g%é%ggdﬁk%nggggﬁgﬁﬁgggﬂ#g?p?%@?ﬁedyaftEggggecond
annul ar raceg%&y Advant ageously, respective first and second bearing

e’r

el enents may eceived for novenent within the first and 25 second
annul s 0B R g R0RNT DAtk AuANAGe RSl AULAERN LR s
spacer eleneghére is provided a bearing assembly having at least two
bearing elements spaced by a first body, the first body
being at least partly flexible.
According to a third aspect of the present invention
10 there is provided a bearing unit comprising at least one
and preferably a plurality of bearing assemblies according
to the first aspect.
Advantageously each adjacent Dbearing assembly are
spaced by a second body.
15 Preferably the second body is substantially annular in
shape.
The second body may be rigidly mounted to a further
body to which load is not (directly) applied in use.
Preferably a first annular surface of the second body
20 is provided with a first annular raceway.
Preferably also, a second annular surface of the
second body is provided with a second annular raceway.
Advantageously, respective first and second bearing
elements may be received for movement within the first and

25 second annular raceways of the second body.

Advantageously, adjacent first bodies are spaced by a



Advant ageously al so, adjacent second bodies are spaced bRERLAGHMENTSHEET
second spacer elenent. In one enbodinent a further first spacer, &Hgf{;ﬁba may
and &

5 be provided between an end to which force is applied, in use,

adj acent end of an adjacent first body. According to a fourth aspect of the
present invention there is provided a topl or apparatus including a bearing
assenbly according to the first aspect of the present 10 invention or a

beari ng UniEe@&%%EQQQQfEQsEh%p%%%Qn%l%ﬁEﬁﬁi of the present invention. The
a g

tool may be own- hol e tool, "eg. for use in a borehole of an oil/gas well.

The tool may Cong,lhgéﬁggggabugi aa?%‘?rl\‘/glbﬁ?géhk'é%‘ ot SRR gaﬁ:%ass gy may

i ncl ude a down-h such as a eau nofor or 1 scl osed

in W95/19488, _t t Qf i i.S. .| rporated herein by reference.
The first b%éfyarrg%S%%%trtﬁgied%fc\rgéﬁjﬁgggscteén S o which 1oad i s appl i ed,

in use. 20 The shaft may be contained.substantially ncentrically w thin
t he bearing asse#ﬁlﬁﬂﬁﬂ%ﬁ% %?%ﬁixﬁuf%ﬁé@éﬁaél %krFé$8§§ iﬁﬁ?@& f'6Ya
housi pg. The housi.n y _substanti al | ancentrically surround.the bearing
nesently/ unpe B2 AN BEHTET b aapc SR I R ectss SEPYAGHE udThal Iy
spaced by a first spacer el enent, i may ,. REPLACENVENT SHEET 2 9 , ~~Y~
Z00 5 al so BéewD&HPe&“oﬁdﬁﬁ§e§ﬁaf¥$Pﬁﬁﬂéﬁkéﬁ@éﬁ%?tﬁgﬁﬁﬁﬁiéﬁi cent second
bodi es are | ongitudinal.ly spaced b second spacer el enment, .which.may al so
e rounted on ShECREICHRY. T8 Biomrrn S Eot t K e e SeRFert FER B now
be described, by way of ex le only, with reference to the acconpanying
drawi ngs, WAPEREars HHOY 0P 4rGiRl ekt FORAFShde  UF CHAGR IadpbREraRdof
down- hol e t ool includin% a bearing assean%saccording 10 to a first

enbodi ment 6FSERELYr e3eRPrRUBNtTDNEDE F 155t FeP§Sdct Phe WewPEESE N or ti on

of the bearing assenbly of Fig. 1. Fig. 3 a cross-sectional side view of a
downdfol e t d8VeRFCHOFg 2a PEEAHNHg Ué’égeﬁlﬂcg?ré’clé‘& dihd N sevachRgpect

of the present invention.
The tool may be a down-hole tool, eg. for use in a
borehole of an oil/gas well.
The tool may comprise part of a borehole drilling
15 apparatus, which may include a down-hole motor such as a
Mointeau motor or a motor as disclosed in W095/19488, the
content of which is incorporated herein by reference.
The first body may be rigidly mounted to a shaft to
which load is applied, in use.
20 The shaft may be contained substantially
concentrically within the bearing assembly/unit.
The second body may be rigidly mounted to a housing.
The housing may substantially concentrically surround
the bearing assembly/unit.
25 Advantageously, adjacent first bodies are

longitudinally spaced by a first spacer element, which may
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15 enbodi nent of the present invention. Referring initially to Fig. 1 there
is illustrated a portion of a down-hole tool, generally designatgq‘éﬂ_zmn
according to a first enbodi nrent of the present invention. The t ool may
take the formof a bqrehole drilling 20 apparatus. The tool 5 includes a
bearing unit (pack) 10 conprising a serias of adjacent bearing assenblies
15 - in this enbodi nent three assenblies 15 are provided. Each bearing

assenbly 15 hag,t BihtbH 6hi @RDeRLIFRg el ements 400 spaced by a first
body 500, the Po, B8 @ofﬂ‘y £60°85 thsy: ng means for flexing. Thus, when a |oad

REPLACEMENT SHEET"3 8" 455583 & gt Eﬁ’é%%?ﬂﬁniﬁfﬁ%é‘%eﬁa%%g
510 for med onCPRG EIr  BOasPEOnt Hhetrr¥edhd oo Bt it SRS, fo9°V
annul ar in shﬁggibg &ggn@%dlggz§h§8§9g%g%§e 510 being fornmed on an outer

surface of the rst spacer an be seen fromFigs. 1 and 2 the

groove_510 is substanti.ally U shaped in_side.cross-section.. .The firsi body
200°1 S5r i i dry” moOMPBits Eohale B0 B5Ses i LRUPRGACRe Hbt  BEY heuee
t he shaft 608 bein% %ub tantiall conﬁegtric%lly cQnt ai ned mﬁthig tg%
bearing unit T6CTTREshaPt 600 yeﬁg RoP | owdrid ey Have & Socket 8 for
connecti on, eg. toadrill, bit or th%.lhbe not shown) . 15 A first annul ar
surface 610 SF-PRBPYIRE BEAY1866 i ¥P3FEvird&Ed with a first raceway 620.
Further a second nnu;gr surface 63QP3{ the first, body_500 is provided with
a second annul ar fafewdy %643.°5TheSS n%%uf%§ﬁxﬂ&?%x§#i%gp%fgﬁﬁﬁtg 480
each conprise a pIuraI'té of balls, .the first 20 .and seco g beari ng.

el enments 400 bei nEOMBEEPYEd PO ABFANERA A RERTIRG ARFEMCINdSS8eaHing
annul ar raceways 620, 640 of %EF first bady 500. The bearing .unit 10
conpritSes a pl urafPt ¢ o FE&arMhgdddestvrite S PEs PrESER tadiPYEEN: PBear i ng
assenbly 15 are 25 spaced by a secgond bqody 200. Each second bod¥ 200 is
substantial ly annbi8r Pn3sREFEPCFhd VSeddfd BodiPe X068y &1 the bearing

assembly of Fig. 1.
Fig. 3 a cross-sectional side view of a down-hole tool
including a bearing assembly according to a second
15 embodiment of the present invention.
Referring initially to Fig. 1 there is illustrated a
portion of a down-hole tool, generally designated 5,
according to a first embodiment of the present invention.
The tool 5 may take the form of a borehole drilling
20 apparatus. The tool 5 includes a bearing unit (pack) 10
comprising a series of adjacent bearing assemblies 15 - in
this embodiment three assemblies 15 are provided.
Each bearing assembly 15 has two anti-friction bearing
elements 400 spaced by a first body 500, the first body 500
25 having means for flexing. Thus, when a load is applied to

the bearing assembly 15, the first body 500 is caused to



REPLACENEW SHEET 2 9 J UL 2003 7 rigidly nounted to an @EF&M%M&% SL%%ET

to which load is not (directly) applied, in use. A first annul g9 gur f2383e
650 of each second body 200 is provided with a first annul ar raceway 660. A
second 5 annul ar surface 670 of each second bodi es 200 provi ded between

adj acent assenblies 15 is provided with second annul ar raceway 680.
Second bodi es 200 provided at ends of the unit 10 are only provided with

one raceway 60 - ag,canhe SARILHAM Fifle T1oR0nkn Al VaYnjepRECHEVe

first and second bearing €l enen are receive I nmovene thin the

first and Sﬁ%gi’%g' %@Q;J%%s&éﬁ@%@%%g5§9r%€%9e9£néP&l%ﬁ@%%%%@ﬁo‘%iozoo-

Referring to e Second bodi és are rigl to a

housi ng 100.. The haousi ubstantial |y concentrically surrounds the
beari ng unitfO H%dA% |F®% #ﬁ%@§53§> Oqgé'the first spacer body 500 faces a

second raceway 6 of..a _secaon .200. . Si.m larly a_secqnd r.ace 640 of
the first body S%gef5&é§§h%¥Fg%?Rg%Jf%é%ﬂ%%}%ﬁ&i%ﬁi%1§§§g Ad BgdﬁﬁgéSK As
can be seen fromFig. 1 the first bodi 500 are longitudinally spaced

i ongot he- SIFL 800 LBAFSeBRPatSAPHIF f or0; Rpater Tl Bich ShTGH wARER fmmy be
rigidly nounted to the shaft 6Q0. Further as n be seen fromFig.. 1 the 25
Sedond bodi BET386%a e Iyttt A Sip 2o 400G £Hie cROuSnGSE60 EARE
separated by second spacer el enents 3 . REPLACEMENT SHEET 2 9 J U L 2003
3 bt oh iy TS5 o A oS @ 1O e hOuLT nguRBAF ¢ 2LV b SHSPREL fne
shaft 600 is free to rotate relative to the housing 100. Thus the first

bodi es 500 Fd{'er GELEE S8 Ve to the second bodi es 200. 5 The conponents

of the tool 5 na%ﬂ in this enbodi nent be nade fromthe follomﬁn% n%terials:
he first body 500 1s rigidly mounted to a shaft 600

10 to which load is applied, in use, the shaft 600 being
substantially concentrically contained within the bearing
unit 10. The shaft 600 may be hollow and may have a socket
610 for connection, eg. to a drill bit or the like (not
shown) .

15 A first annular surface 610 of the first body 500 is
provided with a first raceway 620. Further a second
annular surface 630 of the first body 500 is provided with
a second annular raceway 640. The first and second bearing
elements 400 each comprise a plurality of balls, the first

20 and second bearing elements 400 being received for movement
within the first and second annular raceways 620, 640 of
the first body 500.

The bearing unit 10 comprises a plurality of bearing
assemblies 15. Each adjacent bearing assembly 15 are

25 spaced by a second body 200. Each second body 200 is

substantially annular in shape. The second bodies 200 are



housi né 100 - steel second bodies 200 - hardened steel secgrEdPLs%QEMENT SHEET

el ements 300 - steel 10 bearing elenents 400 - hardened steel and/®UuUL 2003
ceram c first spacer bodies 500 - hardened steel shaft 600 - steel first
spacer elenents 700 - steel 15 However, it will be appreciated that one may.
use any alloy steel capable of surface hajdening to a case depth in the
order of 10 thousandths of an inch by nitriding/ carborising. In use, the

flexibility of Tﬁ'l ] fwa in 80ROV g%ﬁ %%@h@é'ﬁﬂl&ﬂr%%oﬁts the

bearing unit 1 Ity is inpart e grooves 510

(thrust) |oag F |% Z‘%‘yﬁl?ﬂetﬁ rg)thq\edshe_)Lfnt £Q0, a f| rst body 500 deflects or

fl exes under the Io gto’ensure that the next first bodies 500

e oot oo ahosi il 298doupR NGt oB7caRER Rl LBCChORTsLSAh Al 3R A o)

t hrough t he adj acent i nner spacer e next $o on.

Supporte i g astd | Bthody ¢ r%t’sp?an‘é%% lﬂa%‘?iﬁ%é‘@”é“ﬁ%%% Site 2?
zn theunit adnglgg 5 kngg\gerl67%~m# l%lé ?%us t%l%sse%&]yP%%X '?he s

15. do&ble 95@ ssen1may rch |s no € conpr s
essive ody. 2 r each of the be

bl ~es~ As bI
ei tﬁZr casga %ﬁﬁl tah(gjr (feerh a%ﬁemglieﬁotlﬁ stod E%’?nng a%s‘ejrrglil 85 IegéjddF

[l b I 1 11A 6 Ca . 1S th t.h h
et g s b2yl 5HAS, S0RGENI AR 200 BeoUhde TS S "
carried out on 20kN w_a beari n assenbl %a tte{T than ex a |t$ d;erfor mance
was here shortiey YHE Y1%5a§ﬁoﬂé YaPEPVHdet et R 50RF T EARHRY P Dt D €30

ereafter Brinell,.~ne lectiont x~n9 of the horse y a Second |i near
~ng occurred)beTS(?e)?t efarﬁonB 3% 15i'n shoe Shaped fro deflection as his

Bri nel_| | ng occ g continyes. Gef ova S10 ,and tp a both predictjons s . .urs Per
beari 1% ect ~on ~s 1@ 8t Ihé§se}°’a¥’ac’f%?p‘6?ti§eugé’e%?’ij RS tsegccﬁ“éjs %Iaﬁ 19 ~n
before 0 ~ Th_ 0~ 0 as re on any _occasion. ere, was no darna 6~~ an

| ncreas Fr omqlr"r‘é“ent&e 4t08 PRE BESFIRGatBY ’QOY%@?QﬁngWl‘beﬁQoﬁ--’fsq R

el ements raceways 620" found that D approx the a 620 ~mate| Y 45 de9re - boa
fter 25 ve , SGPNeaNNIRT TEE RN cf%’poshcﬁglo PEhfpiecand $ragetakodhe
res romthe flexible ders of the racew ~t 1J as it only alt Is a nuch st
portion' and 2003ds has to cope wi conger bearin s not th around 0.7d7 9

assenbly tinmes the REPLACEMENT SHEET 2 9 J~U L Q003 o
Referring to Fig. 1 the second bodies 200 are rigidly

15 mounted to a housing 100. The housing 100 substantially
concentrically surrounds the bearing unit 10.

A first raceway 620 of the first spacer body 500 faces
a second raceway 680 of a second body 200. Similarly a
second raceway 640 of the first body 500 faces a first

20 raceway 660 of a second body 200.

As can be seen from Fig. 1 the first bodies 500 are
longitudinally spaced along the shaft 600 and separated by
first spacer elements 700 which may be rigidly mounted to
the shaft 600. Further as can be seen from Fig. 1 the

25 second bodies 200 are longitudinally spaced along the

housing 100 and separated by second spacer elements 300



10 vertical force supplied, thus being able to carry nor eRIEgMCEMEJVT(ﬁHEET
is also directed into the strongest and stiffest part of the r aceyays o
further increasing the load carrying capabilities. 5 For a bearing uni% %o,
each raceway can withstand in the region of 25kN before significant damage
occurs. For exanple, for 5 sets of race s, the | oad before any serious
probl enms woul d occur is approximtely 125kN or 12.7 tonnes, which far

exceeds what i X t i : fiel he .l 0 i f to a high

degr ee afterwhafﬁi§%§B§gngﬁpﬁ§gyb %EQFF#ngbgﬁf ?g%gaﬁl.qﬁgﬂbver, under

very high | oads t race e I e i oy at uicke t he
subsequent failurg%pfgga§§¥g§ ?ﬂ§§%o%§%to égrgﬁgin{%g%?ggeﬁ%5s&0?§q?he
Brinelling eff .seep o he f o] he £ rst c oes. not

deteriorate %ﬁgé}gl%?gggrg{%aﬁgggiﬁ% i:%{r)rbi n{éljt“iq%nt% ﬁ@% \C/\LbOd?ilyen%anf%og &<t s
usi ng optimse acers. l.asted for 219.5 hours at ,|.500 | bf WOB. Considering
that a conveﬁ??gﬁglrflffffg"% Iffcfﬁﬁigﬁ)Jﬁ%%é¥Rhs di scussed in

W95/ 19488 has a %all tor%%gtat t hi force¥ %t can be ?ﬁte toba sune, t hat
this |8ad will not fe COBERN 5 fdt ditfed et i od8Vheh™ dF*iFi RECCB&RF g i n
m nd, and the fact, that th% Igaq to.wear curve.is exponential, the life
expect ancy ofSt R8YF &XPBY &NGedPidg dntt °%'33% ‘normal operating | oads
coul d be substant'alléggrﬁ%%er than the 21 9.5 hours, of which it was

subj ected to duri A§Yeé8Es ¥ REPLACEMENT SHEET 2 9 JU 5 11 I'n sumary
the flexible bearing assenblies are nmuch stronger than re thought as
the load is acting® nﬁS%Pﬁﬂﬁﬁgﬁ%ghe raceways. The Idad%ﬂﬁﬁ%Qﬁét?Rg? )

| oading carries the load in towards the %5 ft 600 and not taqwards 5 the

hor seshoe shaped §F66%Es SBRGCITRIETERE eIl resul ts T nS4& L aceway 1 exing
| ess than its design specification and subjected to Brinelling rather. than
flex &ftions. ThePFé&iPAgSdRMENES FP8duces the sane &f f AATIRNEh 3G75AN
angul ar contact bearings but at a fraction of the cost. 10 There are a
nunber of options that can inprove the design of the bedHPRara o
that the initial Brinelling on_a first inner spacer can be reduced, eg: 1.

| ncrease the groov¥érST0SBEFER LOTHLRSr @89 the flex and &sgicengd gtesd
sharing.; 15 2. Incorporate an extra inner spacer to ensure the spring rate
on the first bodySPaééw&POand the rest of the raceways &t€&he sane.

first spacer elements 700 - steel
15 However, it will be appreciated that one may use any
alloy steel capable of surface hardening to a case depth in
the order of 10 thousandths of an inch by nitriding/
carborising.
In use, the flexibility of bearing assembly 15
20 provides load sharing throughout the bearing unit 10. This
flexibility is imparted by the grooves 510. As a (thrust)
load F is applied to the shaft 600, a first body 500
deflects or flexes under the load F seeking to ensure that
the next first bodies 500 are suitably positioned such that
25 some of the load is then transferred through the adjacent

inner spacer 700 to the next first body 500 and so on.



25

Referring nowto Fig. 3, there is illustrated a portion of a downho%ﬂ5q§§¢
general |y designated 5A, 20 according to a second enbodi nent of the pre Eﬂﬂﬂv]
invention. The tool S5AThs simlar to the tool 5 of the first enbodinent,‘PQJUL‘
| i ke parts being denoted %ysﬁékg Qntegers but suffgxed 'A". However, the .
tool 5A differs fronlbggwtool 5 inﬂw@n&gﬂg@ a extra inner spacer 700" A so
as to seek to 25 provide t R aﬂgagtage offerE@abyt 2) above. It wll be
appreci ated that the rggbodi ments 6Farhey ,REPLACENENT SSHEET.2 9 J U L 2003
12 present invention heréﬁﬁheﬁggg descrlbeﬁs%mbﬂgggen by way 6F exanpl e
only, and are not ne to limt tRe scqpe of the in¥enihop in any wafl eten;
will, for exagple, be J%d%dsigﬂd that the Ndebey, of bearing Gseenpl j gs Y
formng ab5b arinnggit may bes§éuéctg to proviééng dgggrgd | oad 77 ang is
capacity. It wll fur %%rrigﬁg. reci at ed that @Qﬁ pr esent it %Enuggn
provi des for a gre@%gé outer di ﬁﬁgcﬁ shaft t éﬂéhnqua | ar ger * (hékus the
coupling and therefo lg hggger 10 tcwcﬁﬁ?&m@gggity t han "Kndmg §§§%L
unites. A greater Quter di anet&r bheshaft al | ows -~ ﬂ@reghg sanme s fgg@t&gin
a greater inner dianttessef,.shaft and 1Pe@ reduced presslfiebbagss bhrough g
the (drive) shaft.,  REPLACEVENInSHEET 2 9 J UTa12008 13 CLAIMS 1904 504 |
bearing unit conprlgﬁr@fz%ﬂg %%?Iity oeubea@gng assenbl i €sithegch bearing ~°
assenbly having at |east two Faraaring el enen Qesbaggquy.a firgﬁnbddg, t he
first boSé]having meaBstf oy flexing, “d6pmpeny first bodi"slispaced by a “F
respecti first; spacer ele te a%d A bearinésuh@to@s cl ai ned iﬁh@ré@rgéﬂ
wherein, in use, fdJWMEQ a load is aﬁﬁhhﬂgcto t he beé?ﬁh@nq%s%%blies, 178
first bodies arg caused PghfﬁégXig A bearlnﬁﬁﬁnﬁiha%s cl ai med “i*n ei ther of
a le be , e b

clainms 1 or 2, S beg a een
" foung . b 09 unjy ] arrieg out
On

her

e eq

15 n Lolloyey ; fter Bring;,,
1

Lo
20 tof g5,
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wherein the flexing neans conprises at | east one 15 groove or notch forned
on the respective first body. 4. A bearing unit as clainmed in any ©juc!mins
1 to 3, wherein each first body is substantially annular in shape, the at

| east ane groove being formed on an 20 outer surface of the respective
first body. 5. A bearing unit as clained.iyn either of clainms 3 or 4,
wherei n each groove is substantially U shaped. 25 6. A bearing unit as

clai med | " ARkeaad Ao cl RSS! TeBREN IS BORY b T L)Y pamunt ed
:c.” use. 7. Ajhearingnyn tlé‘gﬁc#@' B, ﬂ%\’ct%roe%?rgdé‘gtdﬁé?‘%g}o%%@' Ind
irst annul ar surface of eac I'rst body 'is provided w a frrst —annul ar

raceway. 8. ing i i i | ai in_a _second.annul ar

surface of eggﬁ%ﬁﬁéi é§£ﬁ1$§ ?ﬁ%vgge%wﬁx§h§%9§%%%n Eéﬁna é?argggwéﬁéglo 9

A bearing unitr%ﬁgg!aia %4f1fﬂﬁ%n18, wherein the first and second bearing
|

el ements eaclf*Corpr %€ plrara sy of balls, the first and second beari ng

| bei i ved for . t within the first 15 and i
racevays of the rdSgect e it b B 3050 ASBRRPRRG BRI P AEErARed fn

oy P cced il St LA e [t [Lelng Liges statas 2o
ool |0 e St Pt § oD Sebensent veen Sl B e cin the
st 000 TGN e 2 dele IS e PR
o [ust L e e Sl s, Sheced DLa e bank L e TSt ey, bel

first _spacer elenent. 13. A bearing unit as clained in an recedi ng cl ai
10p The load is shaégd to a high degree g%égr init%al m

Brinelling of a first body raceway. However, under very
high loads the raceway nearest the load deteriorates
quicker and the subsequent failure propagated the load to
the remaining raceways.

15 The Brinelling effect seen on the face of the first
raceway does not deteriorate under higher loads.

The combination of the two dynamic tests wusing
optimised spacers lasted for 219.5 hours at 1500 1bf WOB.
Considering that a conventional 1 11/16" MACDRILL (TM)

20 motor as discussed in W095/19488 has a stall torque at this
force, it can be safe to assume that this load will not be
seen for sustained periods when drilling. Bearing in mind,
and the fact that the load to wear curve 1is exponential,
the life expectancy of the flexible bearing unit 10 at

25 normal operating loads could be substantially greater than

the 219.5 hours, of which it was subjected to during tests.



wher ei n adj acent bearing assenblies are spaced by a seconﬁEEg(g&pEMgNlT SIiEET

bearing unit as clainmed in claim13, wherein the second body i%g9 jyrL 2003
substantially annular in shape. 15. A bearing unit as clained in claim
either of clains 13 15 or 14, wherein the second body is rigidly nounted to
a further body to which load is not (difgctly) applied in use. 16. A
bearing unit as clainmed in claimany of clains 13 to 20 15, wherein a first

annul ar surface gf, ?snﬁ.maﬁgoeqe% ¥xhB Q.rﬂéléflfﬁgv‘éé& fidst 2 afich

raceray. 17f A be?rlng uni't asbc alnmed In c ereln a secon
. d .
lmg il A R 5%3391‘1‘% Ft s eZ?‘?ﬁ%‘? i
; 7 X
ar o recei ved RoR oo aent SRR TR tne h rLead R REl SRR RTE] | P EuE0eT 7

the second bad, <8 19 Adiearing dinllaasel al am;fﬂt'@o&'sw A8y obuglacme 14

to 18, where€i acent secon are spaced by a respective second

spacer, el eﬁ%ﬁll 10 Z%t%;re & %ggie“ Ly ﬂ@' ”Ef‘taig ?hék@k%% P fx‘i‘é' ng

cIa|n1 wher &i 17 cer i's provide Ween an“end

f I , d d f, b d
21 A tool 8 '%Slﬁa'r%c‘{’?ﬁyﬁc B L RER PR e “de ROkl RReothdy pﬁsﬁed.lﬁg

| 22. A tool gl.ai med whe h |
2 Gown- hoi o P50 b PR e SR YD AaG t%@na?fl&ﬁ P sl o A °

tool or apparatuys as c rein the t,ol OHRFISES

2
part of a b&FéfINE dPP%€|ﬁggab3898€%g] éﬂ?cﬁ”%$ﬁ|8%§FF§ i A1 udks KEOW

down- hol e Zgn%% %&'con@%@%A%%gﬁwgg%Hggl %tgéjfrac€¥%n of the cost.

10 There are a number of options that can improve the
design of the bearing unit 10 so that the initial
Brinelling on a first inner spacer can be reduced, eg:

1. Increase the groove 510 depth to increase the flex and
assist in load sharing.;

15 2. Incorporate an extra inner spacer to ensure the spring
rate on the first body raceway and the rest of the
raceways are the same.

Referring now to Fig. 3, there 1is illustrated a
portion of a downhole tool, generally designated O5A,

20 according to a second embodiment of the present invention.

The tool 5A 1is similar to the tool 5 of the first
embodiment, like parts being denoted by like integers but
suffixed 'A'. However, the tool 5A differs from the tool 5
in providing a extra inner spacer 700'A so as to seek to

25 provide the advantage offered by (2) above.

It will be appreciated that the embodiments of the



17 24. A tool or apparatus as claimed in any of claims 21 REPLACEMENT SHEET
the/a first body is rigidly nounted to a shaft to which load is applied, i
use. 5 25. A tool or apparatus as clained in claim24, wherein the ghafhsi s
cont ai ned substantially concentrically within the bearing unit. 26. A tool
or apparatus as clained in any of clainms43l to 10 26 when dependent upon
claim 13, wherein the second body is rigidly nounted to a housing. 27. A
tool or appa S i RAINEGH &l B rieLeLpi b DousyRgesubst 3al ally
concentri cal R%tegaérnr%o&nc}?ﬁg) 15 %earrlmng urﬁl t. 28.lA too? OP aSpar tusyas
clainmed in a i i i dj t fir dj

| ongi t udi nal % %rp)%grg}?feg%rﬂg’ P%?é\?g%%a@gr% e %?r@ntgd 218&5%1'9 Lﬁﬁgogleggre of
apparatus as ¢l ai ip.claim 24, int first sp r S hs/are
nount ed on tﬁg]eshgﬁg?hgbghA %olﬁéna}rmg'% ar att% aglglléi rrggc;igi n&ané} on%’ cllbai ns
24 to 25 29, erel.n adjacent .se odi re | [ i-nal d_by a
second spacerune eéfr?écr?to.dd t%f&&%%%%%%g%f%%f%r%émﬁ% %f%i%t%oo or
apparatus as,cl ai.med in, clai.m 30 when d ndent _upan .cl ai m, 26 erei_n, t he
second%spacepeglrérl?@nt%mr%/ ard %%n?%gegﬁeﬁhgc%o%lg%qe d Mué81 8N
.A.A{3E.AnE.AFA2.AQY.A3E.AY.AE.AR.A;

2. AFE. AuL! . AS2R3ACAYAYEL. A2. Af r 3=PQSj G , >MD>Xzupkf a\ W ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ¢ a] cal °§]§gfﬁﬁ]&§§ §%§ﬁ%¥°gﬂ,‘§§]§§‘ £8leal 31 SAl&2 the present

U] c”a] caU] ca] c" a]

invention provides for a greater outer diameter of shaft

therefore a larger (hex) coupling and therefore a higher
10 torque capacity than known bearing unites. A greater outer
diameter of shaft allows - for the same strength - a
greater inner diameter of shaft and thus reduced pressure

loss through the (drive) shaft.
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[ =?] Ub)t r}xsnid_Z]c]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]ca] c"a] ca] a]J ca] ca] ca] ca] ca] ca] ca] ca] ca! >%$-e

rrrrrgtper $$} xsnid_Z] c]ca]ca] cal]ca]ca]ca] ca]ca]ca]calcalcalc"alcalc
a] ca] ca] ca] ca] cal ca] ca] caJca]ca)ca]ca]ca]ca]ca]ca]calcal $BBB &L & (')))) ++
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oo oSt ol ool aljésal el el gl e el el pleelealpelealzale
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4, A bearing unit as claimed in any of claims 1 to 3,
wherein each first body is substantially annular in
shape, the at 1least one groove being formed on an

20 outer surface of the respective first body.

5. A bearing unit as claimed in either of claims 3 or 4,

wherein each groove is substantially U-shaped.

25 6. A bearing unit as claimed in any preceding claim,

wherein each first body is rigidly mounted to a body
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8. A bearing unit as claimed in claim 7, wherein a second
annular surface of each first body is provided with a
second annular raceway.

10

9. A bearing unit as claimed in claim 8, wherein the
first and second bearing elements each comprise a
plurality of balls, the first and second bearing
elements being received for movement within the first

15 and second annular raceways of the respective first

bodies.

10. A bearing unit as claimed in any preceding claim,
wherein the means for flexing flexes about a

20 longitudinal axis of the respective first body.

11. A bearing unit as claimed in any of claims 4 to 10
when dependent upon claim 3, wherein the groove 1is
provided substantially circumferentially around the

25 respective first body.
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bodies spaced by a respective first spacer element.

A bearing unit as claimed in any preceding claim,
wherein adjacent bearing assemblies are spaced by a

second body.

A bearing unit as claimed in claim 13, wherein the

second body is substantially annular in shape.

A bearing unit as claimed in claim either of claims 13
or 14, wherein the second body is rigidly mounted to a
further body to which load is not (directly) applied

in use.

A bearing unit as claimed in claim any of claims 13 to
15, wherein a first annular surface of the second body

is provided with a first annular raceway.

A Dbearing unit as claimed in claim 16, wherein a
second annular surface of the second body is provided

with a second annular raceway.
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109%6& () - Slq%ﬁ& %?b32r333?3333~a§9$£$£méd19%@E£3i£4§ﬁ§(3f!claims 14 to

18, wherein adjacent second bodies are spaced by a

respective second spacer element.

10 20. A bearing unit as claimed in claim any preceding
claim, wherein a further first spacer is provided
between an end to which force is applied, in use and

an adjacent end of an adjacent first body.

15 21. A tool or apparatus including a bearing unit according

to any preceding claim.

22. A tool or apparatus as claimed in claim 21, wherein
the tool is a down-hole tool, eg. for use in a

20 borehole of an oil/gas well.

23. A tool or apparatus as claimed in claim 21 or 22,
wherein the tool comprises part of a borehole drilling
apparatus, which optionally includes a down-hole

25 motor.
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5 25. A tool or apparatus as claimed in claim 24, wherein
the shaft is contained substantially concentrically

within the bearing unit.

26. A tool or apparatus as claimed in any of claims 21 to
10 26 when dependent upon claim 13, wherein the second

body is rigidly mounted to a housing.

27. A tool or apparatus as claimed in claim 26, wherein
the housing substantially concentrically surrounds the

15 bearing unit.

28. A tool or apparatus as claimed in any preceding claim,
wherein adjacent first bodies are longitudinally

spaced by the first spacer element.

20
29. A tool or apparatus as claimed in claim 24, wherein
the first spacer elements is/are mounted on the shaft.
30. A tool or apparatus as claimed in any of claims 24 to
25 29, wherein adjacent second bodies are longitudinally

spaced by a second spacer element.
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