oo 104114 |
2D-0 fey-7%LOI [ | ~AWY~1 1 ~N WD 00/ 46478 * 159159" PCT/ GB0O0/ 00314 1 THRUST

- BEARI'NG FOR DOMHOLE TOOL Thi s invem mmmmmmmﬂmmﬁ to an inproved bearing.
Particul arly, though not excl usive m tion relates to an inproved

beari ng asswooged78#g. a thrust bearing.gesenbly, which neBCTEEBOO®E4 | n
down- hol e applications, eg. 5 down-hole drilling applications, such as in
.the oil/gas production industries. Thryst bearing assenblies for use in
down-hol e applications have the conflicting requirenments of a thick shaft
assenbly and hi gh axial | oatHRYSEBEARING RPROAMIOLENT@OLIO snal | cross-secti on.
To achieve this a nunber of thrust bearings may be nounted in line to
provide sufficient |oad and shock capacity. In conventional bearing

assenblies this ingppduces,anPifp! errgl%%etshetlooaQn”aX[n?i)évQ@ sl £d,

equal |y between the series of bearings which may resu Tn 15 excessi ve
wear or fail ureaetienBafry meheush hde deanisngely, Tthe prebkeshcas dess
mtigated by use of assenblies of springs and spacers. However, these tend
to be conplex ite amt dmproved adeiatriogalagwesitlem ey doan-tholuetappsamaing i s

t hat space tends to be limted. 20 It is an object of at_|east one aspect
of the present 25ERTBAY | 1o "GHVPSL BSeF R tdydtdalse 2RP b1 eREIR T DNRE -

g:rgglj?xrﬁ nO]E h%ogl['li-ﬁglgr rdrlh.ﬁ.lhg QPLEEEQQ{ORQ,J egtrlclgf agt ike%%[e Oc?lel/gas
production industries.

Thrust bearing assemblies for use in down-hole

applications have the conflicting requirements of a thick

shaft assembly and high axial load bearing capacity in a

10 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
this introduces a problem as the load may not be shared
equally between the series of bearings which may result in

15 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
nature. An additional problem in down-hole apparatus is
that gpace tends to be limited.

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

It is a further object of at least one embodiment of
at least one aspect of the present invention to seek to

25 provide a flexible, load sharing, anti-friction bearing

assembly/unit.
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at | east one aspect of the present invention to seek to 25 provide a
flexible, load sharing, anti-friction bearing assenbly/unit. SUBSTI TUTE
SHEET (RULE 26) "c00002* WD 00/ 46478 PCT/ GBOQ' 00314 2 According to a first
aspect of twopw4sdBnt i nvention there is provided a beari RCTEBWMPALY havi ng
at least two bearing elenents spaced by a first body, the first body

havi ng nmeans for flexing. 5 Thus when a Joad is applied to the bearing
assenbly the first body nay be caused t0 flex. Advantageously the flexing

Teans may compriseydloddidsl to0BC GEALVEBLNE IO ITRGAN LAGLLEESE Dody.

Preferably the first body~is substantialTy annular i'n hape, t

| east one gr oeNerr &b epad dieianpdarimRd remdlyoubein§usfaceasf the first
body. Advant ageously the groove is substantially U shaped. The first body
may be ri gi dliyeaming eglenerd soppaed mphixhfivsd bedwppthedfitst usedy 15
Preferably a first annul ar sur%ac,e of the first body is provided wth a
first annul arP#EERalEansy EPEr hbF5 2 so, a second annul ar surface of the

TSt o0y Lo hr ouhitedatdd 1 AcGe A AR (e0GRYben Ay anLagRRNs Y (he

first and second bearing el enents conprise a p I'ls,

the first and.jgeconskt BRal Ry ehenBNisedtef e¢nakl y being received for
novenent
Advantageously the flexing means may comprise at least

one groove or notch formed on the first body.
Preferably the first body is substantially annular in
10 shape, the at least one groove preferably being formed on
an outer surface of the first body.
Advantageousgly the groove is substantially U-shaped.
The first body may be rigidly mounted to a body to
which load is applied, in use.
15 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
body is provided with a second annular raceway.
Advantageously the first and second bearing elements
20 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
body.
In a preferred arrangement the means for flexing
25 flexes about a longitudinal axis of the'first body.
Further, in the preferred arrangement the groove is
provided substantially circumferentially around the first

body .
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within the first and second annul ar raceways of the first body. In a
“preferred arrangenent the neans for flexing 25 flexes about a |ongitudinal
axis of the first body. Further, in the preferred arrangenent the groove is
provi ded suWex@46478| |y circunferentially around the first PQI§ERPOORUBSTI TUTE
SHEET (RULE 26) WO 00/ 46478 PCT/ GBOQO' 00314 3 According to a second aspect
of the present invention there is provided a bearing assenbly having at

| east two bearing elenents spaced by a Tirst body, the first body being

at |east partly flexibligngScdof YedoRe hBpact Nbf dRSRAUsRk tiRGeREESEN
I nvention there is prOV|%ed a bearing unit conprising at |east one and

preferably adgidvealid yporfvidedr ian@peasiagbbsesmbtgondviggy 40 fLBasti ted
aspect. Advant ageously each adjacent bearing assenbly are 10 spaced by a
second body. Hereefigwgalshemend ss epag@dbddy a sfifistleary al the afibustr bedy shape.
The second body may b

( _ rigidlgtqnwg%gg ﬁo a further body to which load is
not (direct! PEEHiEedSPRTUBRTETS &18bly a first annular surface of the
second pody ' 1s Prowdednyl kB 2 Lhizd @lof AGRMAYoEhE! 3L3BhY AL SO, 2
second Annul ar surtace of °the - second y I's provided wth™ a secon
annul ar racewajere is provided a bearing unit comprising at least one

and preferably a plurality of bearing assemblies according
to the first aspect.
Advantageously each adjacent bearing assembly are

10 spaced by a second body.

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.

15 Preferably a first annular surface of the second body

is provided with a first annular raceway.
Preferably also, a second annular surface of the
gecond body is provided with a second annular raceway.
Advantageously, respective first and second bearing
20 elements may be received for movement within the first and
second annular raceways of the second body.
Advantageously, adjacent first bodies are spaced by a
respective first spacer element.
Advantageously also, adjacent second bodies are spaced

25 by a respective second spacer element.

In one embodiment a further first spacer element may

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

use, and an adjacent end of an adjacent first body.
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Advant ageously, respective first and second bearing 20 el enments may be
received for novenent within the first and second annul ar raceways of the
second body. Advantageously, adjacent first bodies are spaced by a
respective fwpgpidaphcer el enent. Advant ageously al so, adj aBE€REBYI¥I4d
bodi es are spaced 25 by a respective second spacer elenent. In one

enbodi nent a further first spacer eleneny may be provided between an end
to which force is applied, in wuse, and an adjacent end of an adjacent

first body. SUBSTIA&8dxdEideFto( RUESuZED P08/ 464¢8e RS SBA0/10Q3 44 16n

According to a fourth aspect of the present invention there is provided a
t ool or appargbesei hslpdbnided bedrdalgorasppabhtuacoorldidigiet @ tearfingst
aspect of the present invention or a bearing unit according to the second
aspect 5 of RRECTPESeACCPRIEATI &7 e Fh%ﬁtnﬁ?PﬁétacﬁbmhhﬁopéeﬁéﬁF eg.
for use in a ,borehole of ap _oil/gas wel e_tool rise art of a

T
borehol e dri | PP SFh&Fafuseaih? ‘“Hﬁyafﬁ8F o9 t%d%%¥ﬁ51ggﬁofﬁp €hch as a

10 Mbi n;eau npEofpOrp A JBONindendiisfl osed in W95/19488, the content of
which is |ncorporated herein by reference. The first body may be rigidly

mounted to a shaftTH® tabl chaloBd bhSdepptheih tdblSeeg Theoshadd fmyabe
contai ned substantially 15 concentrically within the bearing
assenbl y/ uni tborehole of an oil/gas well.

The tool may comprise part of a borehole drilling
apparatus, which may include a down-hole motor such as a

10 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.

The shaft may  be contained substantially

15 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.

Advantageously, adjacent first bodies are

20 longitudinally spaced by a first spacer element, which may
also be mounted on the shaft.

Advantageously also, adjacent second bodies are
longitudinally spaced by a second spacer element, which may
also be mounted on the housing.

25 Embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, which are:

Fig. 1 a cross-sectional side view of a portion of a

SUBSTITUTE SHEET (RULE 26)



The second body may be rigidly nounted to a housing. The housing may

- substantially concentrically surround the bearing assenbly/unit.

Advant ageously, adjacent first bodies are 20 longitudinally spaced by a
first spacewoabacest, which may al so be nounted on the sHRITIGB00/00314

Advant ageousl y al so, adjacent second bodies are longitudinally spaced by a
~second spacer elenent, which may also nmount ed on the housing. 25

Enbodi nents of the present invention wil1l now be described, by way of

exanpl e only, 0 (eYago¥=TglVA [ @ \M e: Fig.
1 a cross- SECtIOﬂHP& g%f€F§ﬁ%%€h%q88?§§on of 5 U%g%P¥%$Z Sﬁ%%% (RULE 26)

WO 00/ 46478 PCT/ GBR04083#4t Semissdindit! @ £t @bk predertt ngvadidani.ng assenbly
according to a first enbodi ment of the present invention. Fig. 2 a

perspective view Bftga poatpersmfctiive bdavi o a axswiony off thegbedrisgFig. 3
a cross-sectional side view of a down-hole tool including a bearing
assenbl y accordln@sﬁemﬁlerBnﬂPgeﬁ%odlnent of the present invention.

Ref I Fi 1 I f
© e”'ogfng nitia gr{gf, g?l%\/ %irod 18 rc%abé al Jfgi%a(;%& £ a - W& ebor

down- hot e tool, eS|gnate ccor dr ng to a st

of the present i n\iﬁ&&hamngme B ing Bkl taa%omaﬁboftoa posebohe

drilling apparatus. The i ncl'udes a bearing unit (pack) |0
embodiment of the present invention.

Referring initially to Fig. 1 there is illustrated a
portion of a down-hole tool, generally designated 5,

10 according to a first embodiment of the present invention.
The tool 5 may take the form of a boreholé drilling
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.

15 Each bearing assembly 15 has two anti-friction bearing
elements 400 spaced by a first body 500, the first body 500
having means for flexing. Thus, when a load is applied to
the bearing assembly 15, the first body 500 is caused to
flex. In this embodiment the flexing means comprise at

20 least one substantially circumferentially formed groove 510
formed on the first body 500.

The first body 500 is substantially annular in shape,
the at least one groove 510 being formed on an outer
surface of the first spacer body 500. As can be seen from

25 Figs. 1 and 2 the groove 510 is substantially U-shaped in
side cross-section.

The first body 500 is rigidly mounted to a shaft 600

to which load is applied, in use, the shaft 600 beipg
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conprising a series of adjacent bearing assenblies 15 -

three assenblies 15 are provided. 15 Each bearing assenb
anti-friction bearing elenments 400 spaced by a first bo
body 500 hawongy4eesmns for flexing. Thus, when a load is
beari ng assenbly 15, the first body 500 is caused to fl
enbodi nent the flexing neans conprise at 20 | east one su
circunferentially forned groove 510 forfed on the first

in this enbodi nent
ly 15 has two
dy 500, the first
aper/ceeh/sid t he
ex. In this’
bstantially

body 500. The

first body 50gu5§t§H@§£ﬁvi@éﬂdérﬁ%%'a@ﬁ%/i BofibaPfed oG s ég%gjéeggcg{%ggf oove

510 being forned on an outer surface of the first space

r As can

be seen from ghifi gs. Thandhaft heo@neevBeShO116w Sashapthadbd Vo Wodkaged in

side cross-section. The first body 500 is rigidly mounte

d to a shaft 600

to which | oadé6i8 &ppl icednerhione, eghetohaf drédd bét ngr SUBSTLIKEE (BHEET

(RULE 26) WD 00/46478 PCT/ GBOO' 00314 6 substantially co
cont ai ned wi t APAYRhe bearing wunit 10. The shaft 600 may

have a %ocket 610Affq &@Qﬂgltggnsg%gag%ofﬁgd§£léEPE%&%ES%%%:LE%grgnot

shown). 5 A first ‘annular surface I'rs

ncentrically
be holl ow and may

i ded

with a first
first body 50

8@863{‘@&d 620chFu t hersa secerdy agyyl ar sihace £3Q.ehkhe

is provided wwth a second annul ar raceway 640. The f

i rst

and second beanhabar ehetferts6300ofacte compti bedg péariad ignovafaedallish t he

first

a second annular raceway 640. The first and second bearing

elements 400 each comprise a plurality of balls, the first

10 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
15 spaced by a second body 200. Each second body 200 is
substantially annular in shape. The second bodies 200 are
rigidly mounted to an outer housing 100 to which load is
not (directly) applied, in use.
A first annular surface 650 of each second body 200 is
20 provided with a first annular raceway 660. A second
annular surface 670 of each second bodies 200 provided
between adjacent assemblies 15 is provided with a second
annular raceway 680. Second bodies 200 provided at ends of
the unit 10 are only provided with one raceway 660 - as can
25 be seen from Fig. 1.

In this way respective first and gecond bearing
elements 400 are received for movement within the first and

second annular raceways 660, 670 of the second spacer body
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10 and second bearing el enments 400 being received for novenent wthin the
“first and second annul ar raceways 620, 640 of the first body 500. The
bearing unit 10 conprises a plurality of bearing assenblies 15. Each

adj acent beWPiopdé4a&senbly 15 are 15 spaced by a second b&&F/GHYI3ELch
second body 200 is substantially annular in shape. The second bodi es 200
.are rigidty nounted to an outer housing 100 to which load is not
(directly) applied, in use. Afirst annular surface 650 of each second body
200 is 20 proyi.ded with a first annul ar raceway 660. A second annul ar
surface 670 of each second bodi es 200 provided between adjacent assenblies
15 is provided wi Refersiewnd Fagnul arhe aeenend 680.ieSe20f dabrodiiasi Q0

provi ded at ends of the unit, 10 are onl pLOVI ded with one raceway 660 -

as can 25 bBOYBERAF FBnPFPGUS1ng| A%fhi s PBEPpREL10R ???%ﬁa%ﬁﬁf¥%¥n3nd

bearing el enents f hin the first and
second annul5Pnfgggggggi§%éﬁﬁ%$%%ﬁf ?hgngégon §%%§e%6body SUBSTI TUTE SHEET

(RULE 26) WO 00/ 4@45&4%6%@@@99095@%5 20 £ 1 Ref esgd g 18ali Soo Ledhe second
bodi es 200 are rigidly nmounted to a housing 100. The housSi ng 100

substanti al | g seedadNtdaceahly 680r dud ssddundoéaidyn@ooni t Slithi 13 rAyf ia St
raceway 620 of the first spacer body 500 faces a second raceway 680 of a
second body 266con§i wiekcgwpy §40 of the first body 500 faces a first

raceway 660 of a second body 200.
As can be seen from Fig. 1 the first bodies 500 are
10 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
gsecond bodies 200 are longitudinally spaced along the
housing 100 and separated by second spacer elements 300
15 which may be rigidly mounted to the housing 100.
It is noted that the shaft 600 is free to rotate
relative to the housing 100. Thus the first bodies 500 may
rotate relative to the second bodies 200.

The components of the tool 5 may, in this embodiment

20 be made from the following materials:
housing 100 - steel
second bodies 200 - hardened steel
second spacer elements 300 - steel
bearing elements 400 - hardened steel
25 and/or ceramic
first spacer bodies 500 - hardened steel
shaft 600 - sgteel
first spacer elements 700 - steel
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second raceway 640 of the first body 500 faces a first raceway 660 of a
second body 200. As can be seen fromFig. 1 the first bodies 500 are 10

| ongi tudi nally spaced al ong the shaft 600 and separated by first spacer

el ements 700VOB¥4H78ay be rigidly nounted to the shaft G6ORCT/€BAOPHA as can
be seen fromFig. 1 the second bodies 200 are longitudinally spaced al ong
the housing 100 and separated by secondgspacer elenents 300 15 which nay
be rigidly mounted to the housing 100. It is noted that the shaft 600 is
free to rotate realoudwer t dt ka1housi agpoeiatdrixHte dhel mhybadeesnp00 may
rotate relative to the second bodi es 200. The conponents of the tool 5 may,
in this enbodabkont stz@lbeapadee fafosnrhace chdrsidmigantresr i s deptbi g 100 -
steel second bodies 200 - hardened stee] second spacer elenents 300 -

steel bearingted ePEAEE Ao 10hFhpuseadsheelof 28naddcdy ke adteidingbt
spacer bodies 5%0 -, hardened steel shaft 600 - steel first spacer el enents
700 - steel 5 ISHEET (RULE 26)- WO 00/ 46478 PCT/ GBOQ 00314 8

However o It will b aRReCi Bhed HNalivne ey obSepalyid | Qusthiel capabl e of
surface hardening to a case depth in the order of 10 Thousandths of an
i nch by nitrighdgldes load sharing throughout the bearing unit 10. This
flexibility is imparted by the grooves 510. As a (thrust)
load F 1is applied to the shaft 600, a first body 500
deflects or flexes under the load F seeking to ensure that
10 the next first bodies 500 are suitably positioned such that
some of the load is then transferred through the adjacent
inner sgpacer 700 to the next first body 500 and so on.
This seeks to ensure that the load F 1s spread evenly
between the bearing assemblies 15 in the unit 10, and is
15 not supported by a single bearing assembly 15. Thus the
load F is distributed in a way which is not possible using
known rigid bearing assemblies. As each body 200, 500 is
double sided the load F wmay be either tensile or
compresgive. In either case the load F will be shared over
20 each of the bearing assemblies 15 of the unit 10.
Both static and dynamic tests have been carried out on
1 11/16 inch flexible bearing unit 10 and its performance
has been found to be even better than expected.
The bearing assembly 15 showed a linear deflection to
25 20kN where shortly thereafter Brinelling occurred. This
was then followed by a second linear deflection as both
flexing of the horseshoe shaped groove 510, and to a lesser

extent Brinelling continues. Deflection is. 0.8mm before
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carborising. 5 1n use, the flexibility of bearing assenbly 15 provides

|l oad *shari ng throughout the bearing unit 10. This flexibility is inparted
by the grooves 510. As a (thrust) load Fis applied to the shaft 600, a
first body woMo4ekes| ects or flexes under the | oad F seeki mgTIGBO@MBLY e t hat
10 the next first bodies 500 are suitably positioned such that sone of the
load is then transferred through the adj,acent inner spacer 700 to the next
first body 500 and so on. This seeks t0 ensure that the load F is spread

evenly bet“@?@n&h@iﬁ&arb89u§§seﬂ@f'eﬁeéﬁ&ﬂ%{tﬁﬁ%émbiyjihsf”mhﬁé%égé not
supported by a single bearing assenbly 15. Thus the ‘load F is distributed
in a way whi plreddcnobnpossighkestadi 0gosknewD rogund bemr ingrassenbli es. As
each body 200, 500 is double sided the load F nay be either tensile or
conpr essi ve. fratertderitasdhere WaadhF dandgshdoshiceeayeny obemnentts of t he
bearing assenblies 15 of,the unit 10. Both static and dynam c tests have
been carri ed®BufP8n°°929496 inch flexible bearing unit 10 and its

por 0TS o BEGH, |G BICTRE Sdligh SR8t S0 a0,
Brinelling ogedehgd, This wamas fiduaa f ehdowathdy 1zasecend hppessa defd ection
as both flexing of the horseshoe shaped groove 510, and to a | esser
extent Bri nebbprgxtoatehuesd dbgirkest tovmrds shoBiielref of et BBSHdeMAlts SHEET
(RULE 26) szg%{4%i%8JZ?W;ggﬁﬂé¥£%htﬁ% flexible portion, and is not
vertical. The result is a much stronger bearing assembly
10 15 as it only has to cope with around 0.707 times the
vertical force supplied, thus being able to carry more
load. This load is also directed into the strongest and
stiffest part of the raceways further increasing the load
carrying capabilities.
15 For a bearing unit 10, each raceway can withstand in
the region of 25kN before significant damage occurs. For
example, for 5 sets of raceways, the load before any
serious problems would occur is approximately 125kN or 12.7
tonnes, which far exceeds what is expected in the field.
20 The load is shared to a high degree after initial
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.
25 The Brinelling effect seen on the face of the first
raceway does not deteriorate under higher loads.

The combination of the two dynamic tests uszing

optimised spacers lasted for 219.5 hours at .1500 1bf WOB.
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Brinelling occurs per bearing assenbly 15, whereas predictions suggested
0.05 to 0.06mMm an increase by a factor of 15. There was no damage to the
bearing el enments on any occasion. 5 Frominspection of the raceways 620,
640 after twowndmg78 it was found that the |oad is applied BCT/GRENOMAI mat el y
45 degrees towards shoul ders of the raceways 620, 640 ie. away fromthe
flexible portion, and is not vertical. chpe result is a nuch stronger
bearing assenbly 10 15 as it only has to cope with around 0.707 tines the

vertical forcg,suppli thys heigh-AH8 hQicarry, )ye yheaerylhi oad is
al so directed ?nto th%ggstrongest and stioffest par{&{)f ltw%ie rgéléwa@bsqsfurther

i ncreasi ng t hgot ®Aths GAlbusBgd capaltidsi/tbess Hbx Robralbegsiqe Wi £hlQ, each
raceway can withstand in the region of 25kN before significant danage
occurs. For Ecmampl eit fogn Beseake dfo ragcawwey $hat hehipaddasefwirld any beeri ous

probl ens woul d occur is approxi mately 125kN or .12.7 tonnes, which far
exceeds what FEERARICFEFIRANERHLTEIOTE. Woen 1He 4idBE - | SBMETMH o M& Hi gh

degree after initjal in ' of irst haody raceway. However, . under
very hlggh | 02ds {; @ Fgéc{ev\g}%éng%reesjf%ie{? owaecf(}dectué:rvforlg’t SEPOBEPERBF and t he

subsequent faijhdir e ipeopagatedntPeckoathe or1dN91ECHRIHIRG LAGRWYS 2D The
Brinelling effect seen on the face of the first raceway does not
deteri orat e unshaiahiqfeeatiogdioadheadrbbeatubatait id1d vt waredyBanthahest s
using optimsed spacers |lasted for 219.5 hours at. 1500 | bf WOB.
the 219.5 hours, of which it was subjected to during tests.
In summary the flexible bearing agssemblies 15 are much
10 stronger than were thought as the load is acting at 45° .
through the raceways. The load path with (WOB) loading
carries the load in towards the shaft 600 and not towards
the horseshoe shaped grooves 510. This therefore results
in the raceway flexing less than its design specification
15 and subjected to Brinelling rather than flex actions. The
bearing unit 10 produces the same effect as in known
angular contact bearings but at a fraction of the cost.
There are a number of options that can improve the
degign of the bearing unit 10 so that the initial
20 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.;
2. Incorporate an extra inner spacer to ensure the spring
rate on the first body raceway and the rest of the
25 raceways are the same,
Referring now to Fig. 3, there is illustrated a

portion of a downhole tool, generally designated B5A,

according to a second embodiment of the present invention.
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SUBSTI TUTE SHEET (RULE 26) WO 00/ 46478 PCT/ GB00/ 00314 10 Considering that
“a conventional 1 11/16" MACDRILL (TM notor as discussed in W95/19488 has
a stall torque at this force, it can be safe to assunme that this |load wll
not be seewofoomedssist ai ned peri ods when drilling. Beari ng ROT/GEOEY31H and
the fact that the load to wear curve is exponential, the |life expectancy
.of the flexible bearing unit 10 at norlﬁl operating | oads could be
substantially greater than the 219.5 hodrs, of which it was subjected to

during tests.pidh suBmaryathe fhexible Reartng assanbli ese 15r efﬁggb 10
stronger than were thought as the load is acting at 45 through the
raceways. Theneadmpath Wikh (OB} beddh nipnaiad bgs 1ihe Laadgepst puards the
shaft 600 and not towards the horseshoe shaped grooves 510. This therefore
results in tshEfixedwad 't | eRPrigveessthnairak SAdasiffarspéephi thei baol5 and
subjected to Brinelling, rather than flex actions, The bearing unit 10

produces the % dRe PEPY &L AL i%t%ﬁoﬁvﬁneﬁnﬁﬁ?‘é‘?rcz)qﬂ'éclsobéﬁr Fﬁggeﬁﬁtt%t a
desi gn of 1S BUAREnsPEnR e Bt S R B 8] LB TE NG on et st
inner spacer can he reducesh ffpretiiaked NHAASENd henB BN 1L Eephb to
increase the flex and assist in load sharing.; 2. Incorporate an extra
i nner spacer pgresensuieveheisprhegeinkdforen ddserfibedt abodyivanewpywand t he
rest of the of example only, and are not meant to limit the scope of
the invention in any way. It will, for example, be
10 understood that the number of bearing assemblies forming a
bearing unit wmay be selected to provide a desired load
capacity.
It will further be appreciated that the present
invention provides for a greater outer diameter of shaft
15 therefore a larger (hex) coupling and therefore a higher
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.

20
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raceways are the sanme. Referring nowto Fig. 3, there is illustrated a
portion of a downhole tool, generally designated 5A, according to a second
enbodi ment of the present invention. SUBSTI TUTE SHEET ( RULE 26) WD 00/ 46478
PCT/ GBOO' 0034@ od/ds478The tool S5A is simlar to the tool 5 of pctreBéoiaosiy

enbodi nment, |ike parts being denoted by |like integers but suffixed W
However, the tool 5A differs fromthe togl 5 in providing a extra inner
spacer 700" A so as to seek to 5 provide Yhe advant age offered by (2) above.
It wll be apgilgﬁiﬁt ed that the enbodi ments of the present invention

her ei nbef ore descCribed are given by way of exanple only, and are not neant

tolimt the scope of the invention in any way. It wll, for exanple, be
10 understood that the nunber of bearing assenblies formng a bearing unit
may be selected to provide a desired | gad , capacity. It will further be

appreci ated that the }73das%t 2FAGBRLY oP3YHE dak fbea’t grieer ePeBtieg
di aneter of shaft llﬁnetrl[ll%rg{) L€4& %rgﬂsél'&%(% cQy Iifnrg arl)ddth refore a
C efy g %s. % reat er ?‘3?’

hi gher torque capaci han®known “bearing uni greater ou 4 amet er
of shafg allows - {fi&dnd tf@rsgqugh?_ength - a greater inner dianeter of
shaft and thus reduced pressure [oss through the (drive) shaft. 20

SUBSTI TUTE SHEET ( RULE 26)

2. A bearing asgembly as claimed in claim 1, wherein, in
use, when a load is applied to the bearing assembly
the first body is caused to flex.

10

3. A bearing assembly as claimed in either of claims 1 or

2,_wherein the flexing means comprise at least one

groove or notch formed on the first body.

15 4. A bearing assembly as claimed in any of claims 1 to 3,
wherein the first body is substantially annular in
shape, the at least one groove being formed on an

outer surface of the first body.

20 5. A bearing assembly as claimed in either of claims 3 or

4, wherein the groove is substantially U-shaped.
6. A bearing assembly as claimed in any preceding claim,

wherein the first body is rigidly mounted:to a body to

25 which load is applied, in use.
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WO 00/ 46478 PCT/ GB00/ 00314 12 5 10 CLAIMS 1. A bearing assenbly having at
*least two bearing elenents spaced by a first body, the first body having
means for flexing. 2. A bearing assenbly as clained in claim1, wherein, in
use, when awoomded?’s applied to the bearing assenbly the fHAT#GBIBOMY4 | S
caused to flex. 3. A bearing assenbly as clained in either of claims 1 or
2, wherein-the flexing nmeans conprise at_least one groove or notch forned
on the first body. 15 4. A bearing assenbly as clai ned in any of clains 1

to 3, wherei;n thg fatagﬂng%ysén&)@ugét@ﬂéméci ylr@%@w hed];ﬁga&f mﬁ he at

| east one groove being formed on an outer surface o 20 5.
A bearing assenbl whagethaameilréth iddlerr clurdhaensf3the 4irdbessdp i[she
groove is substantially U shaped. 25 6. A bearing assenbly as clainmed in
any precedi ng cl apmpvidhédreith tehef ifristsanbodlyrisacdewdydl y nounted to a body
to which load is applied, in use. SUBSTI TUTE SHEET (RULE 36) WO 00/ 46478
PCT/ (BBOO' 00314 13 7. A bearing assenbly as clained in any preceding claim

5 8. A bearing assembly as claimed in claim 7, wherein a
second annular surface of the first body is provided

with a second annular raceway.

9. A bearing asgembly as claimed in claim 8, wherein the

10 first and second bearing elements each comprise a
plurality of balls, the first and second bearing

elements being received for movement within the first

and second annular raceways of the first body.

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

longitudinal axis of the first body.

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

first body.
12. A bearing assembly having at least two bearing

25 elements spaced by a first body, the first body being

at least partly flexible.
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wherein a first annular surface of the first body is provided with a first
annul ar raceway. 5 8. A bearing assenbly as clainmed in'claim7, wherein a
second annul ar surface of the first body is provided wth a second annul ar
raceway. 9. WOWeaF’hg assenbly as claimed in claim8, wher BETGBMO0IH0 frst
and second bearing el ements each conprise a plurality of balls, the first
and second bearing elenents being receiygd for novenent within the first
and second annul ar raceways of the first body. 15 10. A bearing assenbly as
claimed in any3pregedbergritlpi Mnitwhesmpri ey maans1&gse f lxd nepelah@xgs about
a longitudinal axis of the first body. 20 11. A bearing assenbly as
clained in any of efsemslyl aarotr@inghen amperfderdtimgon tbaln 3, wherein the
groove is provided substantially circunferentially around the first body.
12. A bearing assenbly having at |east two bearing 25 elenents spaced by a

first body, t fijst ej | rtdy flexibl SUBSTI TUTE
SHEET (RULE 2@?’ W otb‘%)a?fg‘i’ﬁ}é w88 oo 0318 l_rgs.chi%\l%eal‘ra"i 'ngwgﬁfftem
conpri sisng at | easfqy piieeieapd i dp SEIUnb 13660 M G LN P! 2 ClalbBRal to
12. 14. A bearing unit as clainmed in claim 13, wherein 5 ‘adjacent bearing

assenblies are ' spaocdd. by a second

15. A bearing unit as claimed in claim 14, wherein the
second body is substantially annular in shape.
10
16. A bearing unit as claimed in claim either of claims 14
or 15, wherein the second body is rigidly mounted to
a further body to which load is not (directly) applied
in use.
15
17. A bearing unit as claimed in claim any of claims 14 to
16, wherein a first annular surface of the second body

is provided with a first annular raceway.

20 18. A bearing unit as claimed in claim 17, wherein a
second annular surface of the second body is provided

with a second annular raceway.

19. A bearing unit as claimed in c¢laim 18, wherein
25 respective first and second bearing elements are
received for movement within the first and second

annular raceways of the second body.
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body. 15. A bearing unit as clainmed in claim214, wherein the second body is
* substrantially annular in shape. 10 16. A bearing unit as clainmed in claim
either of clains 14 or 15, wherein the second body is rigidly nounted to
a further bwdyouesrshi ch load is not (directly) applied i RCR&HB0/ABILT. A
bearing unit as clainmed in claimany of clains 14 to 16, wherein a first
.annul ar surface of the second body is ovided with a first annul ar
raceway. 20 18. A bearing unit as clained in claim17, wherein a second
annul ar surface of the second body is provided wth a second annul ar
raceway. 19. A bearing unit as claimed in claim18, wherein 25 respective
first and segond hebsanthehenents alginetdinvedatins mOVesend, Wikdvdid he
first and second annular raceways of the second body. SUBSTI TUTE SHEET
(RULE 26) WD 00/ 48d¥sceaaT/idzen bodies m¥repepageddar iengeanett ave cfarsted i n
clainms 13 to 19, wherein adg acent first bodies are spaced by a respective
first spacer el efBATST 52XAMeNk-pearing unit as claimed in claimany of

cl ai ms 13 to 20, wherei n adj acent second bodi es are spaced by a

21. A bearing unit as claimed in claim any of claims 13 to
20, wherein adjacent second bodies are spaced by a

respective second spacer element.

10 22.- A bearing unit as claimed in claim any of claims 13 to
21, wherein a further first spacer is provided between
an end to which force is applied, in use and an

adjacent end cf an adjacent first body.

15 23. A tool or apparatus including a bearing assembly

according to any of claims 1 to 12.

24. A tool or apparatus including a bearing unit according

to any of claims 13 to 22.

20
25. A tool or apparatus as claimed in either of claims 23
or 24, wherein the tool is a down-hole tool, eg. for
use in a borehole of an oil/gas well.
25 26. A tool or apparatus as claimed in any of claims 23 to

25, wherein the tool comprises part of a borehole
drilling apparatus, which optionally includes a down-

hole motor.
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respective second spacer elenent. 10 22.- A bearing unit as clainmed in
claimany of clains 13 to 21, wherein a further first spacer is provided
between an end to which force is applied, in use and an adjacent end of
an adj acent HWiomuedody. 15 23. A tool or apparatus includi rgraBoeeBiang
assenbly according to any of clains 1 to 12. 24. A tool or apparatus
i.ncluding a bearing unit according to aJTrty of clains 13 to 22. 20 25. A
tool or apparatus as clainmed in either claims 23 or 24, wherein the

tool is a dowssholg deal o rengéﬁatuéJSa% i a2mbar shol.f, %ff a1 4 gg"lg sppel .

26. A tool or apparatus as clained in any of clains 23 to erein the
t ool conprises pari7 ofwiseddrehbega diikti bedpppandgligialywhabahceat tenal |y

i ncl udes a down- hole notor. SUBSTI TUTE SHEET (RULE 26) WO 00/ 46478

PCT/ GBOQ 00314 16 stft Aot wblicbr leppatatarpldeds| ahmeskin any of clainms 23
to 27, wherein the/a first body is rigidly nounted to a shaft to which

| oad is applied, in use 5 28. A tool or apparatus as clained in claim 27,

wherein,. the af ty Al tantiagl ongentrically thin the
beari ng assen%z?y/unlt Ak%i Ilsa%% 3 e—ffialﬁigaagﬁc?&al 5:7n 8&%?&%4 or
any of 10 clainms w3 té;hgﬁ M\@ncaﬁp@ﬂwtsﬁmrﬁlﬁuw €3ncWierebiiy

within the bearing assembly/unit.

29. A tool or apparatus as claimed in claim 24 or any of
10 claims 25 to 28 when dependent upon claims 23, wherein

the second body is rigidly mounted to a housing.

30. A tool or apparatus as claimed in claim 29, wherein
the housing is substantially concentrically surrounds

15 the bearing assembly/unit.

31. A tool or apparatus as claimed in claim 24 or any of
claims 25 to 30 when dependent upon claim 24 wherein
adjacent first bodies are longitudinally spaced by a

20 first spacer element.

32. A tool or apparatus as claimed in claim 21 when
dependent upon claim 27, wherein the first spacer
elements is/are mounted on the shaft.

25

33. A tool or apparatus as claimed in claim 24 or any of

claims 25 to 22 when dependent upon claim 24, wherein

adjacent second bodies are longitudinally spaced by a
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the second body is rigidly nmounted to a housing. 30. A tool or apparatus as
~claimed in claim?29, wherein the housing is substantially concentrically
surrounds 15 the bearing assenbly/unit. 31. A tool or apparatus as cl ai nmed
in claim24worcoaswys of clains 25 to 30 when dependent uporpcaiGHONI@M wWher ei n
adj acent first bodies are longitudinally spaced by a 20 first spacer
elenment. 32. A tool or apparatus as clainmed in claim31 when dependent
upon claim 27, wherein the first spacerl7 elenents is/are nmounted on the
shaft. 25 33. A tool or apparatuys as clained in claim?24 or any of clains
25 to 22 when dep®ndt SﬁﬁgﬁrcF PRFBY: wherein adjacent second bodies are
| ongitudinally spaced by a SUBSTI TUTE SHEET (RULE 26) WO 00/46478 17 second
spacer el enent. PCT/ GB00/ 00314 34. A tool or apparatus as clainmed in claim
33 when dependent upeD i Hpgfrathier gkn 0 r . elements
i s/are nounted on the housi ngi.JgSUBSTI TU'I?'E %%IIE‘%%((:R E%gg)‘:[% 33 when
dependent upon claim 29, wherein the second spacer

5 elements is/are mounted on the housing.
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