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bearing for “a TEOAY QF Igét 95 t her mal
g‘gﬁg%@ﬁéaﬁ% is Iﬂgd Qxe[ﬁut J‘gat?s%?of ls{(])gaq Jﬁq@.{ L o, 6(%9@% gt?

par at appi

%%We@her el n. 3515?%“%%% 8&?%%@%%‘” :

PCRoMER00 4050 Fas FACKERAMNE (hand iliea ANENTNEYORNE Use
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WATER TAPPI NG MACHI NE; U. S. Patent No. 4, 880, 028
‘entitled COWLETI ON MACHI NES; U.S. 5 Patent No.

5,439, 331 entitled H GH PRESSURE TAPPI NG APPARATUS; .

and U S. Patent No. 6,012,878 entitled PRESSURE

SUBSEA TAPPI NG MACHI NES are exanpl es of prior issued

patents relating to tapping machi nes. These patents
W reH076§80r por at ed herei n by reference sPREES2(0HRI;078

provide a thor ougFIEBRCYFBLEXVENTION ng to t he subj ect

matter of the present invention. The typical_tag&%&gm
(Fhis fivendion relatesio gbenring forn Tefefele i suliect 1@ theTms s¥aAoEiep- g
tubul ar., The body has a %O rotating borig&_b r el
define ot BEFHOHTLY TSR STREITE o REPIREIRND @ PES e SOt g pelne
) ns, such ag a flange. by which it is secured to a
hmm@gﬁﬁyymaa e?ﬁ%ﬁ%ﬁgﬁgsggﬁ%peline. A gear box is affixed
to the upper end of the tapping machi ne body and
provi des neans for rotation of the boring bar. The
| oner end of the boring bar is equipped to receive a
~cutter. Rotative energy, such as provided by a
hydraulic nmotor, i's supplied to the gear box and this
rotative force in turn is applied to rotate the boring
bar. 15 In addition to the boring bar, the tapping
machi ne has a feed screw for noving the boring bar
axially when the boring bar is rotated relative to the
feed screw. Typically, a drive sleeve rotates the
boring bar to provide such relative rotation and to
rotate the cutter attached to the boring bar to cause
"the cutter to cut a hole in a pipe. The boring bar
may have either a fixed or variable feed rate
dependi ng upon the design-of the tapping machine. 20
The tappi ng machine to which the present invention is
particularly adaptable is basically of the previously
known structures as summarized above. However, the
i nvention herein solves a serious problemthat has
interfered with conpletely satisfactory applications
of known tappi hg machines for tapping into a vessel,
such as a pipe, having therein high tenperature
~fluids, either liquids or gases. {351540;} 3 WO
2004/ 076872 PCT/ US2004/ 005078 S _
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The essence of the invention herein is the provision
of a unique bearing design incorporated in a tapping
machine to rotatably support the boring bar at the
tappi ng machine lower end in a way that conpensates
for sudden tenperature changes as are encountered when
a boring bar drill penetrates into a vessel having
WORWHEEHper at ure | i quids or gases ther EFHUS2004/005078
Specifically, the invention herein provides a tapping
machi ne having as an integral part thereof, a
t enper at ur e ENGKGRAUND@RIEHE INGENTIONat is, the
bearing as enployed in a high tenperature tapping
Whese efdappibg mprhines fotenniog operiseivpiprigesisorelliaonfe gﬁ?ﬁhﬁ"‘é’d us.

RS M N RN A e P

st A L 5Bl B RAT Bl et B
Patent gégg%@%ﬁg?ﬁ@gg Efg%l*? %n ?SI%%?EO'EAIBFIEG l}g‘i’hﬁﬂ’fﬁﬁr and Ef—.’g. Patent No.

ou ormation relating to

6,012,898 BhHNORESEOLE YOBIIA ATREE MACHENSHMNR s oPtior issued patents

bearings, reference nay be had to the foll ow ng
relatinggB %E?i%ﬁﬁdﬁnh&ﬁ TH&E pdiltstaROncdfpeiaRs hipék BNtMrendeAhtdReylifovide a
uB TI ON | NVENTOR TI TLE No. Thernmal Expansion
thoroudPS QR IBRRN REsubRAARA bBthdpriieptdaitiob27, 877 ONei |
par atus For Tapping Mains 2,515,383 Sneva Drill Jig

Ap
Sg%%iﬁ%tgg’%gg%%ﬁﬁgeésig@!\eﬁgﬂbo%'(,tw]ﬁéh-is JinGRed LEARENAL the ody hasa

ol tas i1'l" Bushi ngs, Punp Seal s

i Shaitlefin, - THE fowed @8 of the B isHAvidBeWith Geadt, stdh.as Adage, &y
rofatin eﬁght §,§%o,112 Schi cktanz et al. Assenbly For
which FRNeaRdrb & Bttiny atBeiet td Dpipdlige. AA. gear box is affixed to the upper end of the

tapping machine body and provides means for rotation of the boring bar. The lower end of the boring
bar is equipped to receive a cutter. Rotative energy, such as provided by a hydraulic motor, is supplied

to the gear box and this rotative force in turn is applied to rotate the boring bar.

In addition to the boring bar, the tapping machine has a feed screw for moving the boring bar

axially when the boring bar is rotated relative to the feed screw. Typically, a drive sleeve rotates the

“boring bar to provide such relaive rotation and to rotate the cutter attached to the boring bar to cause the

cutter 1o cut a hole in a pipe. The boring bar may have either a fixed or variable feed rate depending
upon the design of the tapping machine.

ﬂc tapping machine to which the present invention is particularly adaptable is basically of the
previously known structures as summarized above. However, the invention herein solves a serious
problem that has interfered with completely satisfactory applications of known tapping machines for
tapping into a vessel, such as a pipe, having therein high temperature fluids, either liguids or gases.
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Casing Relative To A Shaft 5,538,370 d enn Device For
Drilling A Square Hole 5,938,344 Sabin Tenperature
Conpensati ng Bearing BRI EF SUMWARY OF THE | NVENTI ON
Exanpl e enbodi nents of the present invention seek to
provide a bearing for rotatably supporting a
cylindrical shaft within a franme internal c Iin_%rical
WoSWHe¥t surface. The bearing _is, speciqCF’EIgﬁo% 0 a&{.ed
Thegsssun pifhe inyenkigakprein istheprovigiod aiﬁwehewﬁﬁgﬂﬁg@m‘ na
: expansion.. Wi le the  bear| of. the, ex le,.
tapping meseehp FRIFELLY PSR PP DALY P BPIAg e Y MBSt o Sy e
it is particularl us | ' . ;
compensi s 5P AHEERTIGS Sparetes e ootz skt BRRAARL AR sinia
ang . €0 i e oh Rerdirfgotides @
vessel hagn%d)]?l %%%%? %@g%@g?s% %IE)ESSEHQ%ESIIO% [y | n]?gle gﬁ gﬁpe) n?lﬁat
tapping n%gﬂai{le% lﬁﬁm@ b, 160D Bhrttheido8 aderfiRfafiSe Empérisatinf BringFhthat is, the
g of the exanple enbodinents is particularly
bearing aP&Aidyedinfa®ightdhipSratuid RppihLidsdhing ofthis hﬁeﬂtlapmowys fontchyberature
that bore into a pipeline which carries hjggé]e .
compensdtiRA Eheiritue bezfihgidcckpts ek expansiepifadone tgnyheachy dhy beays
the boring bar to be suddenly subjected to drasti.c
continuallyhreinglly supports adapieerbat @ﬁ@.subpﬁagﬂ fegnpesyie shapass SRR Sprape o
that is at anmbient tenperature exterior of a pipeline
binding uperdbiesirioe il He PYEBY- a pipel i ne the tenmperature at the
" lower end of the boring bar dramatically increases,
Féradditialbackieronprinthivetion rdiaivetobesingsongeking tamperak g PQUppesping
use of high tenperature tapping machines. '
beaings, SEFerenck kg bé Bad tot theafollnsdng prryiousia issusd Bpited Stttea PHESHhi ng
machi ne boring bar, has,. on some occasi on, been

P NG TP UG PIVENTOR EXPaNat@n of the boring bar when
S a pigeygcarrying  high terperature.liquids or _gases |
pPeNelToad28tl 3G UPKReht Ne Ddanemgl Expasiph 2bsorting Heerirign g
507.870a1, | _preventi ng’Neil r ot at{iApparatus For Tapping Mains
2,515,383 Sneva Drill Jig Bushing i
3,206,264 : Dalzell et al. High Temperature Bearings _
2,160,637 Voitas Drill Bushings, Pump Seals and Similar
’ ' Articles
Seibig et al. Adapter Element .
i g’ggg’??g Schicktanz et al, | Assembly For Concentrically Positioning A
T Casing Relative To A Shaft
5,538,370 L Glenn | Device For Drilling A Square Ho'le
5:93 8.344 ' Sabin Temperature Compensating Bearing

BRIEF SUMMARY OF THE INVENTION

Exampie embodiments of the present iﬁvention seek to provide a bearing for rotatably
supporting a cylindrical shaft within a frame internal cylindrical support surface. The bearing
is specifically adapted to support a shaft that is subject to thermal expansion. While the
| .bearing of the example embodiments is not limited to a specific application, it ‘is particularly
useful in a high temperature tapping machine, that is, a tapping machine designed and
constructed such that it can be used to tap into a pressure vessel (most usually into a pipe)

that carries high temperature



I n exanpl e enbodi nents, the bearing that overcones

this problem and that is useful for other simlar

applications, is a tubular nenber havi ng opposed ends

spaced apart by distance D. The tubul ar nenber has an

axi al passageway therethrough. The outer surface of

the tubul ar nenber has an external rib adjacent each

end, the ribs being thereby spaced apart by a

gase|@diqads.dTsd Baacieg oEalehedahiplchasbodimeastie pdibulghan®bed for this
substantially that of the internal dianmeter of the

appPIIGTIFRE dRPPEgpPRANines that hewe 18'9 a pineling Hehigh gagriegrhigh temperature

ari,ng,. nepber is slidably. nosjitioned wthi he .
PP O kS el 1B bt R ok Y el e chanees
in tdifetattdd) | @ikt 0.8RIeh ABoABN RS thaA X AlamBRESAGRMAV e lefre 6t dfAGhbeline

by a central bearing surface of a nomnal interna
sudficalreperstrat s b pipakivei the teppeiaaine githd hyengwiafisie exing baradramatically
. dianmeter of the cylindrical shaft that it supports.
InGHRRRT - i EPIFTRS DRV OSeR SXPaRIERHFY kb5 F (3 dieh femperature
RhRGindEeh | N ind BacH TR
I:aﬂlrpf(ieh%er red tgﬁgggﬁ%}hgk@ggér@fﬂﬁg tgl?n%hn§£ﬁéﬁlvéeﬁa% ) mtl%%ar’ has, on
some ptdasibn, ead unGR 6 UkiepC telexpdneiss of Mharbotilie b&P@EEnNgpipe carrying
_between the external ribs. The bearing is deformable
higly temperataregliquids orjgases ds PTicred eauing dhet bparipge iy jeirg the boring bar,
ﬁgﬁ&fa%gjﬁgmgxpand to accept thermal expansion of the
PrRat e PR exanpl e enbodi nents, the tubul ar bearing
Memygexhghe dntoathds Uk Badring! thit ME8ERdsAnis plfBRasS lahd that is useful
extending fromthe outer surface to the axia
forp athera gjeNiaty appligatibms, dn aalub@amatmbenipethe mpposed edst sfacddaspart by
_menber has an internedi ate external rib spaced
dianpeutle it fEUBHPSTRY ep BY apiplaRassapevay dhetetbiqteh, Hae QHGE swface of
. . . . '  nal
o BBATINRS: 11, O BB, e s @y RLOR) gce

by sdi@tedr difincé.NBacB it RA AiC 8tterfisiPR@fider Sibdtdn@i616: thhNof the internal
anot her alternate enbodi nent the tubul ar nmenber has at
digmetes tof ghee cylindtical spaplrtsyugface] sp ghat the tubular bearing member is slidably

positioned within the cylindrical support surface.

In example embodiments, the tubular bearing member axial passageway is defined by a
central bearing surface of a nominal internal diameter substantially that of the nominal external
diameter of the cylindrical shaft that it supports. When the bearing is used in a high
temperature tapping machine this cylindrical shaft is commonly referred to as the "boring bar".
The length of the central bearings surface is less than the spacing between the external ribs.
The bearing is deformable within elastic limits which permits the bearing surface to expand to
accept thermal expansion of the shaft.

In example embodiments, the tubular bearing member has a fongitudinal slit therein,

the slit extending from the outer surface to the axial passageway.



pl ane parallel the bearing nmenber tubular axis and of

a length less than the length of the tubular nenber,

the ends of the full depth slot being displaced

inwardly fromthe opposed ends of the tubular nenber.

In accordance with a first aspect of the present
invention, there is provided a bearing for rotatably
supporting a cylindrical shaft wwthin a frane interna

cyl iindn plcgshatesangpdintensiiic fubclar mambanthCan ittuence g dxtelnas ribspaced
external dianmeter of A and is subLect to thermal

bl HSioBPPSathtibs: T afer aginsent ither cafngf] eciyfmlmrth% aferBedipoFip having
?&!@E{fc&w%% et&n&x?{ inql:ss qllla%r{% ?I{ter%l dﬁme&epgp'gﬂes Iypxgcglc% support

apa

suffk®t ance D and haV|ng an aX|aI passageway there
through, the outer surface of the nember having an .
ext dnpndther ialtﬁrm';ﬁ ac@dtme@a@h tubglarimembrr hasesd ddastrong fikladgpthglot in a

di f th I nb hei
DI EE R 0F ool erasr SR st b hletett G gen 1 g of the
tu&ﬂslr'nm{bk:xc Ale SEPRUM fufl %ﬂtﬁ‘glgt be‘itﬁ%mﬁﬁhéﬂl 1ﬁ‘v¥dr§{|y fﬂﬂ?ﬁ’l@gﬁﬂ@éﬁ ends

being defined by a central bearing surfacé of
ofﬂmﬁdn&ahmdmaneter of A and rotatably receiving the

shaft, the bearin surface having an axial |ength _
| esdn pergrlapyeatih 3 gé% agpRe Pt tirePre s BiCNYFgtite thiEe it REQYidpd 2 bearing
I thin ol ) _
fo{ fopa%{b grt Jﬂgport?r‘@fhréﬁg% Egl 1 gﬁ%ﬁgr%%%eelnt%{yn}lilgglﬁhd%cﬁgﬂﬂp%rt surface in

wii@thé §1@ft hedduf R eehal &alﬁé‘t&m bt iR SBRRL to tRERATRkpBXBRNRI (R frame
- of the shaft, the nenber having a longitudinal slit

intetvel eylimdidead wawnrtsalrfdceopzp:osre dnigrnd sdiamederf ofofh saiprissg e tubular
syrface to said X|aI passa In accordance wth a

m@‘g%%bﬁa%ﬂ@eﬁed % ?Péceﬂraé?%%ﬁg anm%%‘ﬁi’ iLoAnd hayime an axial passageway

thd?k b ERIE Qlicer SHRAROSL the %eﬁxbéﬂ{a%@% %xz&YlLl' ﬁMdu&@ﬂt eadfdald end,

that 1's’ subject to thermal expansion, beari ng

eaGDIP hidhggr extetiin] eacegaber, thelpibuRar nﬁiﬁlﬁ)&ﬂm@ aﬂcﬁeﬁgy positionable in
opposed ends and supported at spaced apart externa
thg Heme |Hé§?f§31a3ﬁbﬂqﬁlﬁ%ll Sﬁgmat grfate, theogadd vxlﬁgmasigemay being defined by a

th har.t
ce SRR st R PLRD s ol K o oty R R g bearing
suMhdeMabing @b qxﬁﬁﬁeﬁag qy@xhanﬂ AR@ st Itraﬁq&’e spalthe %&%@érﬂ&a@d tiBs, the
and spaced inwardly fromeach of said support

behnipaicingrisfontdibée ittan elaglicslimifsgeemitting the internal diameter of said bearing
surface to expand to accept thermal expansion of the shaft, the member having a longitudinal

slit therein between said opposed ends and from said outer surface to said axial passageway.

In accordance with a second aspect of the present invention, there is provided for
supporting a rotatable cylindrical shaft that is subject to thermal expansion, a bearing comprising:
an elongated tubular member having opposed ends and supported at spaced apart external
locations and having a shaft receiving axial passageway therethrough, a relatively short length
reduced internal diameter cylindrical bearing surface within said passageway and positioned
intermediate to and spaced inwardly from each of said support locations, the bearing surface
being radially flexible within elastic limits of the tubular member in response to changes in the
diameter of the rotatable shaft, the tubular member having a full depth longitudinal slit therein

extending between the opposed ends in an axial plane.
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being radially flexible within elastic limts of the
tubul ar nenber. in response to changes in the dianeter
of the rotatable shaft, the tubular nmenber having a
full depth longitudinal slit therein extending
bet ween the opposed ends in an axial plane. 6 WO
2004/ 076872 PCT/ US2004/ 005078 BRI EF DESCRI PTI ON OF
wobias®RON NGS FIG 1 is a cross-secti on@CTU5204/0¢5873t he
upper porti BRIEifDES(IRIpTKm OFEBED@AWMS ne, whi ch may
al so be called a "boring machine,” such as of the type
" dBEIri berdssisections] view ofthenbnes DR ereefianypical tappE sradging; which may
. 5,439,331 and 6,012, 878. The bearing ofthis i nventj o
also by csﬂesér’hopew%nﬁ %%%P@B“Wdﬁ%“‘??g é’dJnFth‘ pissLatprt Ngs. &P 79484

T AR e

enment whereby rotative power is supplied for
tqmmgﬁ%%?gng a boring bar in the tapping machine. FIG 3

is a fragnentar partial crqss-sectional view of the
| Rtk is BB SroBt iR dekemlge N eCr AT, | erees e aEmegrent
e nce . of th i,nventi 0 |s an
whero GRS BB PRI PP ROt BT BB BRI ne
t appi ng machi ne boring bar FIGS 1, 2 and 3 are
@ lesadrreasitye malpxo$3cspcuamm¢vmfﬂ@éftwemrwofta?ﬁappmgmchme

envi ronnent in which the bearing of thlsttgven n%%
illustraged 8 AfSFSoy erd 2 e capoqog of e pRYSHIoR db i Ve Ltata

o

o emipspii oLl Bt SR R PR 1 ?nfv'eﬁf?on. |

15 FIG 7 is an end view of the enbodi nent of 6.
FiIG; 4 iga prasszeqiiprrd view plbeaing thatipcopporsies e sl %‘Eﬁ EPFIEPR
enbodi ment of the bearing. FIG 9 is an end view of
tihe. Behogil rewtof thé bdatidg of BIG. 4. '

FIG. 6 is a cross-sectional view of a first alternate embodiment of the bearing of this invention.

FIG. 7 is an end view of the embodiment of FIG. 6.

FIG. 8 is a cross-sectional view of a second alternate embodiment of the bearing.

" FIG. 9 is an end view of the embodiment of FIG. 8.

FIG. .10 is a cross-sectional view of a third alternate embodiment of the bearing.

{351540) 7



FIG 10 is a cross-sectional viewof a third alternate
enbodi nent of the bearing. (351540;) 7 WD 2004/076872
PCT/ US2004/ 005078 DESI GNATI ON OF ELEMENTS | LLUSTRATED
I N THE DRAW NGS 10 upper frame 140 second
circunferential channel 12 gear case 141 second
tubul ar web portion 14 gear case cover 142 center rib
WO PG gear shaft 142A wide center ri BCHES2RMPBVR et

14DESIGRATION ORBLEYENTS IBLUSTRATERD Ry THED ond
cylindrical rib 22 feed screw 148 cylindr ngngll surface

10 ofpperdramer rib 24 Ié(’/@br f r affge _

12 cgeed®f erential surfidce 26 ¥ WHOFP | nt er nal

14 cgela’b“ﬁﬁ’fcé ntial surfite 28 eVt hdri cal openings 154

16 E"B‘E%“ rnal cir er entl e 30 bearing
18 yhfufir .
20 t 130 bearing,d58 ough,aGhEfaHed g6ential groove

~ e t end face | ubr L ARbdkdanuisk 6f dddr second end
24 A‘ E shal | owgept h skakdl cirdudfferesisinfay| i ndri cal
26 élce 166A— C full 1gepth skigt Bteddbibinifiential surface
28 m%;;,&ﬁﬂgb al chansel  13Sechidrimttrndl eiserirderentigisurfros t i on
156 slit
?go bearing 158 outer circumferential groove
‘ 132 first end face 160 lubrication hole
' 134  secondend face 164A-E shallow depth slots
136  outer cylindrical surface 166A-C full depth slots

138 first circumferential channel
139 first tubular web portion

{351540;} 8
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and particelatlyi avessghiatd pnder psgsureals ek vRAR 5
‘ facilitates tapping.i ' hat . high. . :
e SO 2 PO i e e
. . i i FlI o 1. i of the
sy v i s o 8 [ et

WD 2004/ 076872 PCT/ US2004/ 005078 DETAI LED DESCRI PTI ON
OF PREFERRED EMBODI MENTS OF THE | NVENTI ON As
previously noted, the use of a tapping machine for
tapping into a vessel such as a pipeline, and
particularly a vessel that is under pressure, is
wel | -known in the industry and is exenplified by
wblsiodr@ek75t at es Pat ent Nos. 4,579, 484; 5 POBUS283/058d
DEFAIRED IRBERIETTION OF RREAERREM EMBODIVEENTISOF THE FYYENEON

adapted to tap into a vessel especially a pipeline, is
i Aslptesionsist mted; the fio G tapbing mahine ferdapping intayf vepsplguch as & pipeline,
i nvention herein is an inproved bearing thq{ can BE

is exemplified by

dndugtpy 2p

mvendighsaﬁ is A&n{%ﬁé@ bdide @R tcht beked iHiuBNeRA8S BFigy madPibsat

par at us. e teachings of this patent are

Facilitddd GETEYAAS bk thd 64 high R¥pdrRireMEMC hat fs) efffer high terdpesunt gases or

are included to illustrate a typical environment in
liquiddhi ch the uni que bearing concepts of this invention
may be successfully enployed. FIGS. 1 and 2 illustrate
thgs Upp @ﬂ% Pk QN 1OFasRs SAARDY niHRIGHY HE ateAlen B ITUSIPStent
an upper franme 10 having, ‘at the top thereof, a gear
5430 SASAHE “HiBIGEheldY TRADEE AfpaffS ETHE @detingd f thiépatda &¥e jyeorated
shatt 16 receives RS rotary power froma prinme nover
herein By Edferéhide. AFTHRAT, 2Utni 6 afincRli@IOh fllustratd ipical miromieotyn. whith thn
gear 16 drives a sprocket 18 which indirectly drives a
uniqud@dring gonbepits oF Ehis iAventimenarsl belsut@sthlly employe@2 control s the
axi al advancenent and retraction of boring bar 20.
FRIGS. 3 amdbillustiatedhelupneeportion 6f a3 pping @%%i%@clﬁfgbﬂ upppr frame 10
machi ne. Secured to the bottom end portion Onﬁg¥g§§£W“

having; #tExriop Hgrepk a geaf e cloped Res 2 R 69 VR a AP R 8

which the t i hi.ne |, vabl
roery G OB R BRVE B S AURIIR g SRR I b S eelo
t ends. bel f1. 2 i i i
e o e e
advaniBll of a RIPG O RLPer vessel.

FIG. 3 shows the lower end of the typical tapping machine. Secured to the boitom end portion of
upper frame 10 is a lower frame 24 having a flange 26 by which the tapping machine is removably
secured to other components of a tapping assembly. Boring bar 20 extends below flange 26 and is
adapted to receive a cutter (not shown) b3.r which a hole can be cut into the wall of a pipe on other vessel.

When a pipe or other vessel is penetrated by a cutter the lower end portion of boring bar 20 is suddenty
subject to the temperature of the fluid, either liquid or gas, being carried by the pipe or other vessel.

Therefor, the boring bar 20 is subject to a wide range of temperatures.

{351540;) 9
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When a pipe or other vessel is penetrated by a cutter
the |l ower end portion of boring bar 20 is suddenly
subject to the tenperature of the fluid, either liquid
or gas, being carried by the pipe or other vessel.
‘Therefor, the boring bar 20 is subject to a wi de range
of tenperatures. (351540;) 9 WD 2004/076872
WP@T#US2004/ 005078 Supported within a EGFPHRHFIEYP
SogoiteoviBB asylindical bpswieg 28 witkivdovg frame 24 ipabraringg 0 St 1ptpaRly
rotatably supports boring bar 20. Bearing 30, 0WN
supporthi batreatina?.i Baaring 3%8@@@%%@%“?‘@& %ﬁ%rﬁ’ g& W&“‘g?q“’% A
_environment in whjch the beaéiq@ﬂof this invention my
enviropsenkip sk e bearipe efis ypaton MER 2SPIYEd i g rmchi ne was
utilized for tappi i ; ' tekhb &ature environment
det e o sk s o R RR e dp G
LGl hiEhi hﬁ%ﬁne%r fe@ Jeagmﬁueame oRbipRelelmnent
apﬂm%%??%%ﬁ%%%%?%“%ﬁénto 2 iﬁéﬁlégfél- ) to increase in
20 in FIES B 8 incAEe if GahdQGHRb thetpiRRsnGeh tb thepbiet thait whs stixdby fat
- was seized by the bearing 30 by which it was )
beam% ab 8§ Bicl itswRnottablgl . supbhited. iThisementom qo\des dawiqee bping fent
‘bearing that overcones this problem Specifical

- overcdita€ihis proBianh.i Brreciiientle; the ipversion brssin pravides peigiegtal spring—load.en.’ty bearing

spring-l oaded bearing that supparts the rqtating.
that submrts therotating tREng het 28 andappenss XpAsierat 815 bs?ngt%ﬁfe“%a’bii ¥ ﬁ‘%l *ggto
when it is subjected to 10 high tenperatures. A first
high tgwpere®i5¥ of t he uni que support bearing of this
invention is illustrated in FIGS. 4 and 5, the
b i e ef thgnniiqhe mipbdri beaingefttésinventjonis illustratedin BGS f and H e
Wil e the support device 130 is called a beari [

! It
beariniy Beligidentiffed gencrallbreshe nugreralti 3. While the suppestdevigp 30 salFd pheaine.
any noving parts and does not en IQ%ﬁba L s o&emﬁ0|#§53
it is irpeffoit o bshimgrrraliet iSyit AP PeHSHAS F1Y OYRIE PRI AR oss PYt REPY SR
element 130 will be referred to as a i Ul
rolle 35 SOOI GUBIPYY 8 PR P o a5 e 50, Bl e e
_The bearing,. 130 1.5 culindr] ...havi ng opposed first
b“n%hﬁﬁ%%ﬁ%ﬁ g%ﬁ“?%%%s ﬁ%@ggﬁﬁﬁ%g%? Bearing 130 has an
outer cylindrical surface 136. In the i(Lllusira .
afheheagagidh is cylindeicad heving oprepsd Fit 08 aﬂlwfde?PﬁE %&G@ ﬁzs“& £34. Bearing
130 has an outer cylindrical surface 136. In the illustrated arrangement, the outer cylindrical surface is

interrupted by a first circumferential channel 138 and a second circumferential channel 140. The

circumferential channels 138 and 140 are separated by & circumferential central rib 142. Atthe bottoms

of circumferential channels 138 and 140 tubular web portions 139 and 141 are formed.

Outer cylindrical surface 136 is defined by a first cylindrical rib 144 at first end face 132 and a
second cylindrical rib 146 at second end face 134. Center rib 142 has a cylindrical surface 148 that is of

a diameter slightly less than the diameter of first and second cylindrical ribs 144 apd 146.
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interrupted by a first circunferential channel 138 and
a. second circunferential channel 140. The
circunferential channels 138 and 140 are separated by
a circunferential central rib 142. Atthebottons 20 of
circunferential channels 138 and 140 tubul ar web
portions 139 and 141 are forned. Quter cylindrica
wouddoh/@eer 136 is defined by a first cyli mdrivgatoesp® 144
HBeafigr $30 BRdardl #iteiod SR:nmp dhaethrewsb odefingly by mdfiist edntral j ipterior
146 at second end face 134. Center rib 142 has a
circundigydntiel dwrfacel S09ud yapposaldgersl fpigmaf ejregpfereptialusfaqes b2 and 154. The
slightly less than the dianeter of first and second
mtem@wamﬁermf beteral cirqyanferoptial spripees 462 andd34 B ABly fsa the internal
2004/ 076872 PCT/ 005078 Bearing 130 has an
diamefeifif genire) TIPS ﬁ?& gﬁérough defined by a first
central interior <circunferential surface 150 and
oo Gl cat senP TIE el b s Brgihdnals i PG eend o

d 154. Th t | met f lateral
Rl e s P PG SIS S5 Sischoisn 3 Grogplegiaty cnlaree o

at ey. n the internal diameter of centra
cmﬂﬂ%ﬂﬁ@ﬁﬁ%&? P FREPERS IPRFREF50. 5 As seen in the end view
of FIG 5, tubular bearing 130 has a |longitudinal slit
156, ohlvstraisstadhatine i S of sapehat altrmate devignia éhat tanergterrdil 42y

134. Slit 156 allows the beanlng to circunfer ﬁntlally
wider gha @Pﬂtj’éﬂ‘bi“z a8 dmstaiRdin Wit A Sutifice Eeteuier Groumirgiiah groove 158 is

fomed B Icgnéq?%e .cﬂe;& ofiirep 7 i R P rap P Fainke

‘ rib 142 as illustrated in FI G
lﬁomﬁmnﬂﬁﬂ ??@ﬁo ﬂ%gp circunferential groove 158 is

10 forned in the wide center rib cylindrical surface

1Regresepiativecriimerisions efksarp pswdielatvddn FIGH Aied o veh bfh%}'eé Jor
160 ded t he be .
s, R OrSSGE D8 b
I ] ted
of 3.1%&@&@@%@0&%@ E?ﬂ]ﬁfﬂ% ngﬁ t@ naqa.r:h tGer %é L(I: henr%g%a?} furfgc r1 49& center 1ib 142

may bg«%’lfr a %ﬁr % E%%%F %%éﬁﬁ%@%& 3% ot Clﬁ 1.?&16 @saﬂét@r%?@eﬁt@r rib
142 as%xﬁ]%?e'ﬂ% m@ﬁbsqxll éxﬂqﬁ& Cipls dSirtaded RmdidSr Bk caeR e ﬂloﬁfb ﬁe ihétdor

portion of the bearing to flex or expand within elastic limits to compensate for the force of an expanding

boring bar against center circumferential surface 150.

The diameter of internal circumferential surfaces 152 and 154 may be 2.502 while the diameter
of internal central circumferential surface 150 is 2.482 — that is, .02 inches greater. This means that in
normal operation only the center circumferential surface 150 engages the exterior surface of a boring
bar. (The boring bar is ﬁot shown in FIGS 4-10). When a boring bar is subjected to high temperature
fluids and expands in diameter this force is applied against center circumferential surface 150. The
bearing flexes outwardly (within elastic limits) to compensate for the inc_:feaéed external diameter of the

(35154053 11



15 maybe of a diameter of 3.104. Thus, there is a
difference of.02 of an inch in the dianeter of center
rib 142 as conpared to the ribs 144 and 146. This
decreased di aneter of the center rib allows the
interior portion of the bearing to flex or expand
wthin elastic limts to conpensate for the force of

waEKREhdi ng boring bar agai nst cent errcTUs2004/005078

boring bér by therfatr thattthealyligiticd adee 14001 coitee ribl il 4Pnietessrof diftmaterilen tha of

circunferential surfaces 152 and 154 may be 2.502

 cylindrigopeningt?8 (stefi@t Brof the GPEIE mashiae fer Sapr Hal The length of cenual

10

15

20

circunferential surface 150 is 2.482 -- that js,
cireumfepsptiphsurfaged 30 is prefesally ebophong;ird of the spaging W?Wﬁ%ﬂm%%rfngel.neﬂ 44
d14?only the center circunferential surface 150 engages
he exterior surface of a boring bar (The boring bar
is not shown in FIGS 4-10). Wen boring bar is .
Jhusj ibeep belseep thag hwing éﬁ?pwﬂv éesmrdu-p Hex ta prgoranpriats g shermpplly
dlanﬁtgr this force is applied agai nst center
Crential surface 150. The bearing flexes
outwardly (within elastic limts) to conpensate for :
FI68. ¢ mul7chew d fiskdlematatonchptthat insludesfthetpnavisiond of| (sww 4¢ph) full
WO 2004/ 076872 PCT/ U52004/ 005078 bori ng bar by the
length flasd644-heAE that extend ankydhrquehylindricq] sibel 44442 %ﬁd 18ein beaping [3pA. If
142 is |ess of dianmeter than that of __ cylindrjcal

this tecRsyipp s ARPlis@io tssmbedigent of he Seripgas shoxin FG- HRalpsbalow dgptaslots

o G TSl TR B R S Tk s

- allow i gv%h ﬂ%u?eegf\ﬁ%%garfﬁl (thhnf zﬁs e!ag ncthlma} tor t% f‘éé@"mpergtmg cgtF %hsat?on

Can be e earlng rsTunt que
de3|%§md to flex to acconmodate a thermally expandlng

B B show geeond altsmatp ppngepis fpiiis gmbgdimant there & thipe glots 166A-

concept .t hat cl udes the provisjons. of s ||OMI¥§E

165Cfopigpan bqﬂ%litegléﬂBsﬁﬂﬁtf 5450k CpaaEEre ik icasthet G PSR

oxeed it ot oo A6, M eish e ot o end e

full depP Al D95 TROORR abh foksPosal sl R e B8R bt v its

elastic limits.

The ﬁ:_u'que bearing as illustrated and described herein has these advantages: 1) longitudinal slit
156 (which is optional) allows the beaﬁhgs to circumferential contract and expand throughout its entire
Jength in response to temperature changes such as in response to changes in the external diameter of 2
boring bar; 2) the reduced external diameter of the center rib 142 (which is optional) allows the center
portion of the bearing to flex in response to increased boring bar temperatures; 3) circumferential
channels 138 and 140 in the exiernal surface of the bearing reduce stiffness of the bearing; 4)
circumferential channels 138 and 140 allow a t_:entral radial spring effect (within elastic limits) fo allow

the bearing to compensate for temperature changes of a boring bar that it rotatably supports; 5) the

{351540;) 12



10 164A- 164E woul d extend through the full w dth of
w de center rib 142A. These shal |l ow depth slots allow
i mproved flexure of the bearing within its elastic
limts to facilitate tenperature conpensation. FIGS.
8 and 9 show a second alternate concept. In this
enbodi nent there are three slots 166A 166C fornmed in
whaeemnBgz 13 OB. Slots 166A-166C do not egresdohbierst ul
center kb D2t velatdvely h@robaglkigigompaedto the Oterall BigtesTthe blaking g Perdhit ta&dl
and second cylindrical ribs 144 and 146. However,
expangidnatf the teh8A pdfe O Ide besting trchetomenoddSihé inbreasel hlmdarn@’tfdiaﬂeer of a
bearing. These fall depth slots 166A-1 66C increase -
boringbardn fesnoRss rtcetelérerqhﬁ%chwaﬁ F’ng) thie wilthran! thicknes efthe qentex ripil#in

wm;gog e Qg%‘%"fﬂ’f)we %hé?nbﬁ%u s B memerg 6T Ch

| con r alcovrén %h%x lﬁ‘ggb a‘%ﬁ%} ﬁ 8%@‘% eiﬁ%‘%‘ﬁ’?ﬁjﬁ’%‘hﬂ
many El:aé%%QEEFbet %gmecfe%hy&%o GFor dridf n@o%oﬁﬂgoﬁxﬁé&gghgtﬁat 8

ges Int external di ameter

inventidy is bt Gmit QOGS G etideBIbhtRher it IRE Rbeitut i MBite8 651 B/ the'sbdpe ol" the
(which is optional) allows the center portion of the

claim Q¥@RInisAfachd, hiigingite EAPRS auivaleddp@erased boring bar
tenperatures; 3) circunferential channels 138 and 140
in the external surface of the bearing reduce
stiffness of the bearing; 4) «circunferential channels
138 and 140 allow a central radial spring effect
(within elastic limts) to allow the bearing to
conpensate for tenperature changes of a boring bar
that it rotatably supports; 5) the (351540;) 12 WD
2004/ 076872 PCT/ US2004/ 005078 center rib 142 is
relatively narrow in | ength conpared to the overal
|l ength of the bearing to permt radial expansion of
the central portion of the bearing to accommopdate the
increase in external diameter of a boring bar in
response to tenperature changes; and 6) the w dth and
t hi ckness of the center rib 142 in conjunction with
the thickness and |l ength of the webs 139 and 141
defines the spring rate of the bearing.
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5 Wiile the invention has been described with a
certain degree of particularity, it is manifest that
many changes may be nade in the details of
construction of the invention. It is understood that
the inventionis not limted to the specific
enbodi nent set forth herein but is limted only by the
scope of the claimor clains attached, including the
wiialT 1s cangdgrpfis.equi val ency t hereof. (351540;) 13 WHAT
IS CLAIMED IS: 1 A bearing for rotatably supporting a
cylindrical shaft wthin a frame internal cylindrica
1. SUp pobéarisg ok aﬂﬂaﬁlﬁ suppbreing & binghad thahagthaa ﬁd&ﬁcﬁhﬂ:&ial cylindrical

di anet er. of ubject to t ion a

© he Epmhs st s B ARt u Fiperot KRS e i herma
i nt expakiod amintbt Gamofntend] cdmdpcal support sidfatailpg laf intereatd@imeter of
havhpglﬁgggged ends spaced apart by a distance D and

h V|ﬁg xi al passageway there through, the outer
surface eftululpe memhtyewavihgoppogedandespeeed apdrt byral distendf Bcedhaving
eac . J t

e i St RS i Q&Tras iR Eﬂég%einﬁ PG an Urternal
t he Toragdigeent Wﬁle ?aﬁh‘?ndcﬂgﬂi:h el hﬂvml an 9lstptpdrdaan§tﬁr phig.dhe tuhéar member
sai Ghein@Xli@hblP POSAGENE Y BRI %qufehﬁﬁgyllgxnﬁl g&‘[ ?Arface the said

beari ng surface of internal dianeter
r ot dtabiaysagREPYnsdsinekbistrenial beasiag Mm frfgntgra%lfdw@@ter of A and

havirsgaBi r@dviak te@Bat, ihd &§§ng{1 HeffoeDa g an Lﬁﬁ&erlghﬁ@ssttﬁﬁ D and
spa |n§ﬁ$ t ween ﬁald ribs e bearjng

clof AR SEN BieeIRe e SBI P@nn%)'éﬁ“}ﬁd?ff"i‘% © fifgin elastic limits

i Nt @eiditingli |tt&rrmteﬁfa1 @bms@t of Redbiaidg %hﬂfafca@@ ei;ﬁn&wa&éptt tBermal

accept t.her pansi o of the shaft, the nenb

P R Bh e TGP TR PAEHo OBt bl Jetpn between sed
opp eppdedndsand it saidueaduifacitb e4id sl bassewgy. sai d axi al
passageway. 2. A bearing according to Caim1l wherein
said bearing surface is of axial length of about 1/3

2.D. A bearing according to Claim ! wherein said bearing surface is of axial length of about

1/3D.

3. A bearing according to Claim 1 wherein said member has an external center rib
positioned between said ribs adjacent said member ends, the center rib having an outer

circumnferential surface having external diameter less than B.

4. . Abearing according to Claim I including at least one shallow depth supplemental slot in

each said external rib.

‘5. . A bearing according to Claim 4 wherein the depth of each supplemental slot is

substantially equal to the height of said external ribs.
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3. A bearing according to Caim1l wherein said nmenber
has an external center rib positioned between said
ri bs adj acent said nmenber ends, the center rib having
an outer circunferential surface having externa
di ameter less than B. 4. A bearing according to Claim
1 including at | east one shall ow depth suppl enent al
slot in each said external rib. 5. A bearing
according to Clain14 mherein t he depth of each
supp| nt al 1.S tantially equal to the

6. h ePp erggflg AELOT, 1n§)t(cl g]laﬁ%ﬁ g‘tg afil Y ty ﬂ%ﬁglgm q,?gtit supplemental slits
accati edch galtﬁ extécha iri) #he bupplethditalglia bBll[lgl Epabddtiy raaifal plamds loOvtubular
ep%hms @g ntaI slits in each said external rib,
t he HEATAl slits bei ng spaced in radial planes
of a tubular aX|s of the menber. 7. A bearing

7. ?8??{1 géa%g%]@gcogg&otm é'lF.l er gilelrt]illls alé? %Xg)i Ip(a:t?szri e%ﬁf 2r VYEXI'a e%mcd by
sur fldeel enmahmrﬂgnffsnemm cpiiws edteadinls froft gpostdcands of said center
bearn
e R e
ci r éuferpcapnmderential surfaescbeipgigregtepibaader than A 8. A
bearing according to Caim3 wherein said center rib
has a circunferential groove in said outer

8. ci r dubfEPrepcPidingde e e whsesinetsfd cegter 1ib Basay gisgymferential groove in
ac c Qkid ofter dirGurfdlehidl durfBEhdbng at | east one full depth
slot therein of length less than D and extending from
said outer circunferential surface to said axial

9. pas saEHaMEYaccordidg toACIREAY infIGdiAE & Odatti g filllAlefSth Sloth&ein of length less

wherein the |lepgth of . each said ful epth sjot . is
abodtn 1 WQ e§‘5%ﬂ@f?%£°%@e 5 ef@}?ﬁLﬁ"%aq% 9 tﬂéﬁxlaittssa&ewaY-
bearing according to Gaiml including at |east one

107 adi a{)eaanb 5(.!08 mg?o Cpalm ge?nnt%e Ii]e%gth of each said full depth slot is about

the spacing between said external ribs.

11. A bearing according to Claim 1 including at least one radial lubrication hole extending

from said external surface to said bearing surface.
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fromsaid external surface to said bearing surface. 15
12. For supporting a rotatable cylindrical shaft that
is subject to thermal expansion, a bearing
conprising: an el ongated tubul ar nmenber having opposed
ends and supported at spaced apart external |ocations
and having a shaft receiving axial passageway
therethrough, a relatively short | ength reduced
120 nt atonalppéiigg@iottablydyliniich GRS AR JuBEct IMMERGE eMaksitina bearing
said Bassagemay and positioned internmediate to and
spacdPi¥Wardl y from each of said support |ocations,
t he bear ianglosgatddaate:lds @ictmgjerriadh@bppysefi lesdsiabdl eappbrtddianspaced apart

el astj Kkmts of ,t.he. tubul.ar nenber.in response t
C haskefhal (ldchs Sh fifine ' & B Teol D il Dol BRRT Firproven, o
t ubutlativelyrsborb énethawimg] iatefnal Hiadept dylibdviagii Hemttignabfael within said

t hergih.d [ . PRYSSH.. el ;

1S R R BRIy 3F cc of i
whersepnqrtdedationisetlie berging syrfage beiigsradifllnfiéxdile ithigtetasif limits of the
aboytpulat frdmb&en f@sﬁ&n@é;_%echA YRS il Bi?‘gllﬁ g(étgt?lgé aft, the tubular

external | ocati ons. pbear | ng accor al m

12 imfEbehanige afulbdaply lprgitudingl sliftheseie pttendingrbietyvegn the gpitpsed ends
of sphfhxiaspased apart |ocations. 15. A bearing

according to Claim 14 wherein said tubular nenber has

an internediate external rib spaced between said ribs

13ad] acedtingateldiap acedind PRivhertif 6Ad bRy subiB&: is of axial length of about
i nt pﬂgdgateﬁ&ib hgﬁing n externﬁl di aneter |ess the
ext ef-raf SgERRependhe waged apart xigmal logalipnsy nent i oned

external circunferential ribs. 16. A bearing according
14} 0 %@%Hﬁsgia}%aérﬂigé ?02421%%} Pz: @'g&ﬁﬁ’gt arCorerr] Aon S SO o2 bdch of said
spaced apart locations.

15. A bearing according to Claim 14 wherein said tubular member has an intermediate
external rib spaced between said ribs adjacent said spaced apart locations, the
intermediate rib having an external diameter less the external diameter of each of said

first mentioned external circumferential ribs.

16. A bearing according to Claim 14 including at least one shallow depth slit in each said

externat rib.

17. A bearing according to Claim 16 wherein the depth of each said slit is substantially equal

. to the height of said external circumferential ribs.
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17. A bearing according to Claim 16 wherein the depth
of each said slit is substantially equal to the

hei ght of said external circunferential ribs. 16 18. A
bearing according to Caim114 including a plurality of
shal | ow depth supplenental slots in each said

external rib, the supplenental slots being spaced in
radi al planes of a tubular axis of the nenber. 19. A
beari ng according to Caim 15 wherein said

inte diate rjb has a cjrcunferential roove in an
181t b DEAPE ArvPEP ! i, [ fﬂglegfns ARy ob ghallpw e iSyRplemental
acc ol in@adhtsaldl exteall Ab,i thcdugplefental slolserily spared maddial planes of a
Iubri%?tionfQ&Lsgggtending fromexterior of the
e

t ubUPEE B &hi d bearing surface. 17

19. A bearing according to Claim 15 wherein said intermediate rib has a circumferential

groove in an outer circumferential surface thereof.

20. A bearing according to Claim 12 including at least one radial lubrication hole extending

from exterior of the tubular member to said bearing surface.
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