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WARRLIGATI ONS 5 This application is based on UnCT/@82004/005078
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2003 a conversion of this provisional application was
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assigned U.S. Patent Application Serial No.
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Patent No. 3,614,252 entitled TAPPI NG APPARATUS; U. S.
Patent No. 4,579,484 entitled UNDER WATER TAPPI NG
wWORGHONE72 U. S. Pat ent No. 4,880,028 entitled COMPI/ES100M05078

MACHI NES; U.S. 5 Pat eptpiN- oPTHROISSENGTON | ed HI GH
PRESSURE TAPPI NG APPARATUS; and U.S. Patent No.

012 . ' P R . .
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L TS ST

background relating to the subject matter of the

having prghdemperatwye Hawid or gases thepival t appi ng machine is
formed of a body which is elongated and tubul ar. The
body has a 10 rotating boring bar therein. The | ower
end of the body is provided with neans, such as a
flange, by which it is secured to a fitting attached
to a pipeline. A gear box is affixed to the upper end
of the tapping nmachine body and provi des neans for
rotati on of the boring bar. The | ower end of the
boring bar is equipped to receive a cutter. Rotative
energy, such as provided by a hydraulic notor, is
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 nachine 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
provi de 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 depending upon
the design of the tapping machine. 20 The tapping
machi ne to which the present invention is particularly
adaptable is basically of the previously known
structures as summari zed above. However, the invention
herein solves a serious problemthat has interfered
with conpletely satisfactory applications of known
tappi ng machines for tapping into a vessel, such as a
pi pe, having therein high tenperature fluids, either
i qui ds or gases.
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{351540;} 3 WD 2004/ 076872 PCT/ US2004/ 005078 The

essence of the invention herein is the provision of a
wapiogamshbrar i ng design incorporated in a tappPeImUS2004/005078

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 encg) nt er ed when

a boring bar dBACKSSHQUND BF THEJINVENLL havi ng

hi gh tenperature |iquids or gases therein.
Bheasefof tapping, madhénes fudagpingopeaings in pipeliried éswell-Bnown. Prior issued U.S.
t appi ng machi ne having as an integral part thereof, a

Patent N& FREI41 32 @ ticled DAPPANGAPRERANIS; U. ShRktentNo.14)§79,484 entitled UNDER
bearing as enployed in a high tenperature tapping

WATEﬁ%IﬁPIﬁCHMA@I@I%E'; 7y § ok HPNB! QYIRS chifled @ODﬁ’LCEI;ION MACHINES; U.S.

conpensati on. € uni que bearing accepts therm

XPp j of .. ' ' )
puen: §55893035 S EEUIEPRASSINBL TREpEUE BEBASORTIS and 1S, Patent N
6,012,838 Ao PSS UL So BT As EABE G o1 TS e aaptheit prior issued patents
addi ti onal background information relating to
relatingtie éapipingsmadhindsu dihase patentearainqosparaied bersan hyngference since they provide a

bearings, reference nay be had to the follow ng
thorougha¥k@ushd/rel Aingasl tHdsubrdt Bhimdres tpaprestinsinvBATdINT No.

PUBLI CATI ON | NVENTOR TI TLE No. 03020113 A Ki yoshi
Thermal Expansi on, Absorbing Bearing 527,877 O Nejl
AbptiviselepPise mpspise spfonnetel a bpdy ydicdgs clopgafed g pulgy. grhe body hasa
Bushi ng 3, 206, 264 Dal zell et al. Hi gh Tenperature
rotatingBsmaingrigs thkrdif9, Tha Tower ¢rasofhé bodyBiephovided with mpeaBsasuch as a flange, by
and Simlar Articles
which it is secured to a fitting attached to a pipeline. A 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 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 depending

upon the design of the tapping machine.

The 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 liquids or gases.
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4,848,935 Seibig et al. Adapter Elenent 5,380,112
Schicktanz et al. Assenbly For Concentrically
w@ominTasm ng A Casing Relative To A Shaft 5, SB8I/BFD04/005078

ng A_Casing | o . .
e %ug%n%#ptgfgﬁé%&*&%g %gﬁlﬁgﬁse@%mﬁ%e il diifbn incorporated ina

. OF THE | ar, f S Rk .
v S BT SO B Ao P8 AL AU SRR 00R i vy
support . 15 surface js provided. The bearing.i . .
compensgiadpt 44 lyPEERBITE APang e RRTEDTICOUNIEIRA PYhch p Boringbar rill enerates into
subject to thermal expansion. Wile the bearing of ) )
vessel having highviempéraiire Kquids of gases bgrein Spesiicaily, the invention herein provides a
application, it is particularly wuseful in a high
tapping traciiee Atving as ap pitepgalmeththaeof, ahempératuracémpgisaigng bearing — that is, the
machi ne desi gned and constructed such that it can be

' bearing éé’sscgl?%te)?ed AR High Rnibelii@s $appthgiascihe dftRBnwsHah biovides For temperature

that carries high tenmperature {3515407} 4 WO
compen; %gﬁ/ %@3&%%1@%&151’?%99(% ROR045 %@?ﬁ%}o‘ﬂr ?1] 4 B%Fi b T\Pﬁereby the bearing
eéaring disclose EFrePR TS particularl'y adapted tor

) his application. since tappin chj nes that bore . ..
contimg [y rgtaihY HETOHS HRTDS Ceb e STR AL (EFAig, bR vthout seizing or
~ either liquids or gases, causes the boring bar to be
binding ypettalsyrfaee)idbe beringbair asti ¢ changes in tenperature.

- That is, when a boring bar that is at anbient

e o TR

. boring bar dr tically increases, .In ) t,
beanngﬁgreéﬁqewsm%g%%g@@ﬁﬁ%% IQ&E@HI‘WEYHS%“ﬁé rﬂ)eﬂ&@@&tewww

tenperature tapping machines. Specifically, the

PATENE(NH.I MO URIREA THORPPINVENT OREPP! @lgf‘ﬁﬁ”' ne boring bar,
has, dingort occapion been upable to accept the .
sl TR e Ot Mo e VT
527.87hearing to seize t8&NGhring be Apparatus For Tapping Mainis
2,515,383 Sneva Drill Jig Bushing
3,206,264 Dalzell et al. High Temperature Bearings
4,169,637 Voitas Drill Bushings, Pump Seals and Similar
Articles
4,848,935 Seibig et al. Adapter Element
5,380,112 Schicktanz et al. | Assembly For Concentrically Positioning A
Casing Relative To A Shaft
5,538,370 Glenn Device For Drilling A Square Hole
5,938,344 Sabin Temperature Compensating Bearing

BRIEF SUMMARY OF THE INVENTION
A bearing for rotatably supporting a cylindrical shaft within a frame internal cylindrical support
surface is provided. The bearing is specifically adapted to support a shaft that is subject to thermal
expansion. While the bearing of this invention 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
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preventing it rotation. 10 The bearing that overcones
this problem and that is useful for other simlar
wa@ppkioo@ari ons, is a tubular nenber havi ng oppPSEUSENL805078

gases o8 Haaigsl "Blﬁlﬂﬁdanbg ditcbédiegeilis gdtcdladphdbtodabdis aﬁ;@ﬁcaﬁtﬂ)n since tapping
axi al passagemay t her et hrough. The outer surface of

machlnteg‘gla{ Bifb Sgﬁgﬂﬁé whfth c%ﬂbe@fﬁ%{ BRheratdle ﬁgikc)l@‘:e‘?ﬂ%r ﬁ(@.ﬁ@s of gases, causes

e ri el ng there aced apart

a nal .di anete
e b SEs ity hiled g Bl Bt i when o borng b
yli ndrl cal support, surface so that the tubu

that s %é‘&bleﬁb eMpSTafEEBEFTIPLOL Y NREIE yu%glymeaﬁé%ew lelwetﬂwetemperawre atthe
cylindrical support surface. The tubular bearing

lower end nHie banm@barﬁm@g:@ﬂ@mﬂ@scﬁeﬁm the gasiypreblemmnbavglbeen experienced with the
bearing surface of a nomnal internal dianeter

use of Isigh $énayeratatd tippihgmachinef eSpwifidatly, 1y besritg] thei wu @Ebﬁi a @dpping machine
the cylindrical shaft that it supports. Wien t

boring B&aﬁésn Sn kSm® %@&sioﬁ Bech &le%%@&fe HHE %X}% gﬂtﬁ@&mr{éﬁoar when a pipe

erre to as

his ¢ylindrical shaft 1s connn ly re

carrymg El?grha{é %pggaruf.rg %1-{1{]1@'% I;{%%%E 1%%6@%%& e&tu%lglg \R}ée ealngStO seize the boring bar,
external ribs. The bearing is deformable within
prevenigHid {9tation. nj t s which permts the bearing surface to
expand to accept thermal expansion of the shaft. In a
dihe hearirgthat avaraperes ihis pratdemydnd| that ipvsefilfgr ethabsimilanspplications, is a
a longitudinal slit therein, the slit extending from
tubulartrhémbatthaving wpbosd ends E}bwe@&j)ﬁ’t bpdbemge PRYThd #bhbd @iemtler has an axial
WO 2004/ 076872 PCT/ US2004/ 005078 In an alternate
passagé%%ptﬂé&ﬁﬁ‘&u%lh erHeWRiratr A8 B8 he AR Tdnticf hiBAH &t6mal rib adjacent each

ext'ernal ri'b spaced between the opposed ribs that are

end, thﬁ H b@%%ﬂlt tBQr%b)E aﬁacegfa élte%lyneﬁecte &E‘F ?crsfle Gl'%?lt S Pﬂ gﬁternal diameter

nom externa

|nte nal, d|a t er i ndrical .
Substa%laﬁ? thatot thg H&%@ Pmater eﬁ ﬁ’stcgfé%agw@ﬂﬁ Stl#gcet seghptdhe tubular bearing

nmenber has at |east one full depth slot in a plane
member is slidably positioned within the cylindrical support surface.

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 a preferred arrangement, the tubular bearing member has a longitudinal slit therein, the slit

extending from the outer surface to the axial passageway.
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5 parallel the bearing nenber tubular axis and of a
l ength less than the I ength of the tubul ar nenber, the
wenwg/oofs7t he full depth slot being displaced | POEDS1094/005078

fTf SA1tRRatO BB @eheB NS tibuldr Reniveb i AR ARG i ate ckiBMmhPA®spaced between
} 6 WD 2004/ 076872 PCT/ US2004/ 005078 BRI EF

the oppMs%ﬂt% agga[cy\;{ﬁléagf@%\’o?ﬁ@ nEén%er,]th% ?%e?rgﬁdig}e riéo }{a)\;igig 2 g]ominal external

Cross-section € upper’p

. t I.n chine, whi.ch so.be .called a "horing
ciametgsifhin ¥ e ate i ety s S uRrER copvor e fodh
States Patent Nos. 4,579,484; 5,439,331 and
&n enathg agtermprebodimant the tybrias nenykes st least one full depth slot in a plane
particularly adapted to be used in this kind of 5
parallel thp pearipgmaerhbar¢ubutdr@xisznd of alepgthdlsssebart the tealgthvafake tubular member, the
taken along the Line 2-2 of FIG 1 show ng the
ends ofthé ND&PENSlot Whies eRplatdt ialvaky powethe bppsselRhdest th€tubular member.
rotating a boring bar in the tapping nachine. FIG 3
is a fragnentary, partial cross-sectional view of the
| ower portion of the tapping machine illustrated in
FIGS. 1 and 2. The essence of the invention is an
i mproved bearing for rotatably 10 supporting the
tappi ng machi ne boring bar. FIGS. 1, 2 and 3 are
representative of prior and indicative of an
envi ronnent in which the bearing of this invention nay
be employed. FIG 4 is a cross-sectional view of a
bearing that incorporates the principals of this
invention. FIG 5 is an end view of the bearing of
FIG 4. FIG 6 is a cross-sectional view of a first
al ternate enbodi nent of the bearing of this invention.
15 FIG 7 is an end view of the enbodi nent of FIG 6.
FIG 8 is a cross-sectional view of a second alternate
enbodi ment of the bearing. FIG 9 is an end view of
t he enbodi nent of FIG 8.
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FIG 10 is a cross-sectional viewof a third alternate
enbodi nent of the bearing. {351540;} 7 WD 2004/076872
WEODANBRODA4/ 005078 DESI GNATI ON OF ELEMENTS | LeISTRAIEDS07S

| N THE DRAW SRIEP DENCRIFTION OFPHEEDRAMVINGS
circunferential channel 12 gear case 141 second

tPtl'@ui o YWolk- %EB#\&Q Wiél‘)g 2\9@@ élgﬁ@[j%rﬁ&i’ &t %%gzafﬁp%ﬁg n?aicﬁine which may

Wor m gear ter

begéfqdﬁd PP g e BB s 47004

(Egﬁo rib 24 |ower frame 150 central
5,43 9,3éi1 FRuROEES081 Bhe Regring oethisgnyendieg és prsticulartkadapiedd brwsed in this kind of

_circunferential surface 28 cylindrical openings 154
tappingsweewer-i nt er nal circunferential surface 30 bearing
156 slit 130 bearing 158 outer circunferential groove

FIG iehsect Sseipraw e gl Behe B s kG, FAfadhe srrangemen

surface 166A-C full depth sl ots 138 first
wherebyirpatig Bpei is s¥PRlisd Apiaotating g boripg par inghe tappingmasbine on

FIG. 3 is a fragmentary, partial cross-sectional view of the lower portion of the tapping machine
illustrated in FIGS. 1 and 2. The essence of the invention is an improved bearing for rotatably
supporting the tapping machine boring bar. FIGS. 1, 2 and 3 are representative of prior and indicative of

an environment in which the bearing of this invention may be employed.
FIG. 4 is a cross-sectional view of a bearing that incorporates the principals of this invention.
FIG. 5 is an end view of the bearing of FIG. 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.
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{351540;} 8 WD 2004/ 076872 PCT/ US2004/ 005078 DETAI LED
DESCRI PTI ON OF PREFERRED EMBCDI MENTS OF THE | NVENTI ON
Was00po@8TDUS| Yy noted, the use of a tappi ng macPCTES$004/005078

t aﬂﬁ@ﬂ?N%ﬁﬁ(}N VASPERMESTSAELUSYREIWIPIN T3E DRAWINGS
particul ar vessel that is under pressure, is

wel | - wn in the indu y and | Vi
10 L}r"ﬁﬂerga%l at es Pat ent Jb 579, g&gﬁgﬁg EQ °h8“n
12 2915873, A typical gggégn of 4 f;gdg uR a.ﬁ%lgﬁpﬂ@log

14 %%%P@ﬁ‘?ﬁm%ap into a sel esp f y a pi peline, is
16 jwpugeashalti n FI GS. 1-142AThe esWiERECantst iphe

18 ispregket on herein is an Wdfproved fskeylingrieslaib can be

20  ubsmihgharsuch exi sting tldppi ng meschonsbeylindeital rib

22  ffeed kértwt es tappi ng i ntld8pi pes tdydinddeal syrflcegif center rib

24  tRWRefaidre fluids -- tisat is, eiehhelciiugifefeatifienthey e
26 gﬁ&?g% or liquids. FIG521, 2 an@ksBintdrhalvircamertiifil surface

f ppi ng maghiyne and @pehd AkSRalfciRinkiréhtial surf
28 ingﬁcaoé)@nﬂlg% 331 equ tled: "dfgh Pr essmj:re Tagpl hagsur aee

30

r tus The teachln of this t
130 AE at ed herein b1 Eefer en lﬁgr i['ntial r%pvg
132 ’ét? aﬁﬂed to |IIustr§g£ ({E\h nment in
134 ygecerd eMblaceni que bearil nc %‘fV thsslotiyent i on

136 nwelbé’héld@@@sﬁﬁ? a¢d y enpiboped. FI@Qde}PthaﬂQFSZ illustrate

138 t fiest cippenfeppmtial chanoél a t appi ng machi ne that incl udes

139 afirsufppatar fvebportiéh having, at the top thereof, a gear
case 12 closed by a gear case cover 14. A worm gear
shaft 16 receives 15 rotary power froma prinme nover
such as a hydraulic or electric notor, not shown. Wrm
gear 16 drives a sprocket 18 which indirectly drives a
boring bar 20. A threaded feed screw 22 controls the
axi al advancenent and retraction of boring bar 20.
FIG 3 shows the |ower end of the typical tapping
machi ne. Secured to the bottomend portion of upper
frame 10 is a lower frame 24 having a flange 26 by
whi ch the tapping machine is renovably

{351540;} 8
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20 secured to other conponents of a tapping assenbly.
Bori ng bar 20 extends bel ow fl ange 26 and i s adapted
WO eooneosirrye a cutter (not shown) by which a hobPer/vsavobensors

DETANLED DESCRIPEION OF PREFERREDAVIBOBEEIENTS ONEAFANVENTION
pi pe or other vessel is penetrated by a cutter the

| . i i . i . .
LT R O a0 Bg FRLER e BHE IR K vepsel such as a pipeine
1y s, bhei arried by the pi or_ ot her .vessel . .. .
and pasflddy 3, veSqh o PRt pigsswt o Qe in e JiGRIE rd igygeemplified by
. .of tenperatures. i351540;3%3 9 %%) 2004/ 076872 . . .
United Statgs gt Moe s 078484 dodrre b anib DA’ S yypiseldesign of a tapping machine
opening 28 within [ower frane 24 is a bearing 30 that

adapted &t tupabioya yegsebespecially ianpipbline, 20illuBirated iy F3G;S. dHowlhe essence of the
diagrammatically in FIG 3, is representative of the

inventi6m Yiteniseat ithprowbd GbaridpetHacasd bg veéd ithsch enistiigd RPpifiRymachines that
be enpl oyed. In the past, when a tappi ng machi ne was

ot b . e r .

facﬂltafé‘:%] ‘{?:prélgangﬁ?fpég %gart’ Eér{}gjglngf?n%g%egﬁtt%g f{uﬁﬁtp hgl?{ iis')hégther high temperature gases or

application of high tenperature frequently caused the

boring bar (element 20 in FIGS. 1-3) to increase in

di aneter due to thermal expansion to the point that it

WEGS SEi Z efld BYillhkieate BRABASRE oBQ tBypiMk ingdthirde aMdSare taken from U.S. Patent
rotatably supported. This invention provides a uni que

5,43 9,3?2 it t‘lﬁl%}ﬁ Pgéégﬁfé ﬁ'ﬁg 8% ?%Jéaﬁﬁﬁb hﬁ@tea@ﬂﬁ%g br & Igéfent are incorporated

e 1 nventi erel S an I ntegra

. ring-1o eari t hat, supparts the ratatin . .
herein Egrqurgn%raﬁigg&glng %{@g% f)liesm%lkgeéﬁ ili)leth;te AH¥PIEd oy Hoygent in which the
. when it is subjected to 10 high tenperatures. A first
unique bpaBgRonetpts plthimipyension gpaydiersupeessiuly ewplaysis
invention is illustrated in FIGS. 4 and 5, the
é@S . Inapdekillngtratd grtippeepbrjenefathpying machiae thaterchided 8Qupper frame 10
Wil e the support device 130 is called a bearing, it

having, % tHeRoefhbROE, adebticdit MY cloBellbyl aSgeat ¢asel0@er 19! AliGhgRr shaft 16 receives
any noving parts and does not enploy balls or rollers

rotary % r Frolnf ?%81%\}\% ﬁlﬁvﬁ%@&c‘ﬂyﬁ% lgglrﬁllitcyo‘?ieg&'triél ROM:! At showhe Worm gear 16

enment referr to as

liquids

drives a sprocket 18 which indirectly drives a boring bar 20. A threaded feed screw 22 controls the axial

advancement and retraction of boring bar 20.

FIG. 3 shows the lower end of the typical tapping machine. Secured to the bottom 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) by 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 suddenly
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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15 bearing, but it could equally as well be referred
to as a bushing. The bearing 130 is cylindrical,
whaovisigpsepposed first and second end faces 132r@ntiS2841005078

BaAsdrfed wilkdh a findbaPotic@ingc2d WilHhil6we: fBuihé 24 8 aliRfring BO that rotat
thgﬁilldgtra?eg arrgng%”éﬁ¥¥dthe outé} cylingricaﬁné at rotatably

‘. : . : e . . .

oo 3. ALY, SR EITERGET gt of e
. e .circ tial h s 13 14

environguph iy By Beannk o6 ArePaRtion it SBPORED 45 A the

bottons 20 of circunferential channels 138 and 140 .
{ntha past. wias afepring mechise wamutilized foftappimg iptoq high fewperature environment
cylindrical surface 136 is defined by a first

a probléy kxiswd i thiat thie bpdldestian of high tengretatfiedreque®lyaersal the boring bar (element
second cylindrical rib 146 at second end face 134.

20 in FIENUED) b ifkrded@ i disim@ted Wi fodhdréal esiantion €o Akoltidiat itSvas seized by the
of a’'diameter slightly less than the dianeter of

vearing 36 B B S0 B DR e PR a0 g g e tha

130.has an i nter.i.or.,.,openi ng.therethrou defi.ned by _a .
overcoftipy s TRgRIPTLSPEFERD B et R RE LR s i 1G4 Blinoaded bearing
and by opposed lateral internal circunferenti al .. )
that supngrts Heaatating bamwe bav20 angacceniy @ipﬁlaﬂfwla?%tﬁég@?mg;bar when it is subjected to

|ateral circunferential surfaces 152 and 154 is
high tempeightrésy greater than the internal dianmeter of
central circunferential surface 150. 5 As seen in the
end view of EFIG .5, tubular .bearing 130 has.a .
it ScRAFT of the i SUPRLACaEE ol eI TRton gy S tfsgti FIGS. 4 and 5, the
bet ween ends 132 and 134. Slit 156 allows the bearing i
bearing hping identifiedigenerply by themumetpd 13, Whdptheguppashdgyice 130 iscalled a bearing,
subj ected to changing tenperatures. FIG 10 .
it is in ieFtbat st ahmg—athbear it dged BotGaclode smmewhialg mits endalpes not employ balls or
design in that the center rib 142A is wder than

rollers 88 ¥ £Equehily bipldyrediihldigbical @statifg.Fl Bhe 4lenfntil 8@ wiflltRtreferred to as a
outer circunférential groove 158 is 10 forned in the

bearin%\’,\'i\y\)gt%t &Sﬁé @éue{lfé%séwli %;gxre%e%ld.té HE %gﬁsglér]gd's I'n addition

OpPpPOSE rrcation

The bearing 130 is cylindrical, having opposed first and second end faces 132 and 134. 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 a 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 and 146.

(351540;) 10
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160 are provided in the bearing of FIG 10.
Represent ative di nensi ons of bearing 130 as

WO bdowstasated in FIGS. 4 and 5 will be given foPCT/US2004/005078
Beaios el 00 hae ampiteriem lopeniif ehasthesughy defiakd &8l a first central interior
surfaces 136 of ribs 144 and 146 may be of a dianeter

circmnf(‘jéier@iaﬂ-ﬁﬁfa@é"l 50 ShdBNSHRRS] Mhekdl iﬂ@mbf@fb%ﬁ?feﬂéﬁﬁél%uﬂ%&i }r g 2 and 154. The

iameter of cylindri'cal surface 148 of center ri

, di_aneter. o th i .
ot B3 Rl B A5 05 DGR By g e e
. ' 4 d t i bs 144 d 146. Thi
sl R SRR e R O 1 2 1, TS

interior portion of the bearing to flex or expand

WistsBdifin BhAstidiview bITFICE 5L RbEIRFRARAZY §0 H¥a IbAGHIHE §it956 that extends the

an expandi ng boring bar agail nst center
i r [ e dj ter of internal.
e SHTEET & 212 34112625000 BG-CLRGPR Y shAbSEN Rty enege o
mhble ng %{a ter, 20 of internal centra
contract WneR, sHOGLGt i0ANABYPE KEPAHPs 2. 482 -- that is, .02
inches greater. This means that in normal operation

?E@éy 10 MGseRBd £ Be%?géﬂ?&&ﬁﬂ%e@haﬁﬂ%&?&?@ﬁsﬁ% @ggz?c%geq genter rib 142A is

exterior sur a borin

. i S not sho i n.Fl( -1 n a barjng bar is . .
wider i (Rer U 192 T oSt P BIG £ 1 oo Qebden Shssirierepial eroove 158 i
di aneter this _force is applied against center )
formed in the Y@ eavier rih clipdyigd sunfags. 149 &n adglition ¢ép grpeseskradial lubrication holes
outwardly (within elastic limts) to conpensate for
160 aretpheviderttinghs behrmgtofiiGl 1Qi aneter of the {351540;} 11
WO 2004/ 076872 PCT/ US2004/ 005078 boring bar by the

act that the cvlindgjcal rface 148 of er rj ) )
SreseitiveerrHipanal btinagb R afugratedn FIth atd § will be given for
opening 28 (see FIG 3) of the tapping machine | ower
purposgsiof geganpje orliye The ayten csdfnd@éﬂtswefaceség ¢ bt drandd¥6 may be of a diameter
surface 150 is preferably about one-third of the
of 3.124 Gddlimgndedsnedibedncleu)rivhil etht idedmetértad c§iddricahslirfad € 14Sof center rib 142
Thus, it can be seen that bearing 130 is uniquely

may be @€8 HRRREEr bO3 108X Thes, AePORAINRrenc® dr BN d¥@hlidch in the diameter of center rib

142 as compared to the ribs 144 and 146. This decreased diameter of the center rib allows the interior
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 not 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 increased external diameter of the

{351540;} 11
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expandi ng boring bar. FIGS. 6 and 7 show a first
al ternate concept that includes the provisions of
wGabhakhordept h full |ength slots 164A- 164E t hedT/Ex108416)5078

boring tgaﬁl by thd Fa@t@Rt Slcly A GRburfac® 348 dfcentet 2italuP i& 4dss ofidiameter than that of
eafing 130A. If° this technique is applied to the

cylindrigﬁgq(ﬁ%%gvﬁ% eSp?s%e e gf%{h?g%%ﬁri%ﬁf%ﬁnb RovidiGram® 241 Mehe length of central

Shalt oW del hS|]9t _ 4E woul d extend through
. e fu W of wde center .rib.142A .These s 1o
cieumiggsginl rtar e e g A6 B D AieGPhEe l itbrentilribs 144
withinits elastic limts to facilitate tenperature
and 14 onpensat i on. _FIGS. 8 and 9 show a second alternate
concept. In this enbodinent there are three slots 166A

iﬁ?sg ﬁt];c%ilh%gds]ce::ﬂn }hgfﬁele{]a%@g 1%6‘ %E!Hg(ﬁte a?efs%m@gﬁcé ﬁgggt(ﬂ%tcﬂl%nodate a thermally

d,exten_d tBhrough first and second cylindrical ribs 144
expandggPo1ing batpwever, sl ots 146A- 146C do extend the 15
full depth of the bearing. These full depth slots

I%fgé\ %@gﬁ islli}fvlb Iﬁ?nﬁtasafhlaf}rﬁ{é SREER 110 iddNRieh R jrBYisitink BE Bhallow depth full

: tic ] : euglque bearing as illustrated

n ri er ein . gl : . .

ns SURGFERT A USRI, ey s0n 1
s tcchm ARG RBEECA (DS HEHBFH BN ST PEAHLS EBBREAA 3. 10, the shllow depth slts

tenperature changes such as in response _to changes in
164A-IGHE vextlé extahd diranglt the foli wadthof wods ergtaraib 142A.1 hese shallow depth slots
reduced external dianmeter of the center rib 142 (which

allow iinproved ifleRade)ofahd Buaging véthtrei elasticlomits rfacifitatdentperatina gompensation.
to flex in response to increased boring bar

0
tenperatures; 3) circunferential _ channels 138 and 140
IFAGB hband@ ghavas Sepand alkanaie ceneepthda FhlﬁﬁnP%‘ﬁH’@@t e hree slots 166A-

stiffness of the bearing; 4) circunferential channels
166C fdidfbddnbeat#Q 180BoWlats teik-1 66C dadotaxtendthaiiglldérasieof the bearing and do not
(wWwthin elastic limts) to allow the bearing to

extend GRORANE3E Sdf@EoridayRadadaliibs Thamdds6 oHowebar slog 1W6A-146C do extend the
that it rotatably supports; 5) the {351540;} 12 WO

full dep%f? gf't/hg ggfﬁ‘?ﬂ% H4LiMBa QQ%QQ)%OI%%A- 166C increase the flexure of the bearing within its

elastic limits.

The unique bearing as illustrated and described herein has these advantages: 1) longitudinal slit
156 (which is optional) allows the bearings to circumferential contract and expand throughout its entire
length in response to temperature changes such as in response to changes in the external diameter of a
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 external surface of the bearing reduce stiffness of the bearing; 4)
circumferential channels 138 and 140 allow a central radial spring effect (within elastic limits) to allow

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

(351540} 12



center rib 142 is relatively narrow in |l ength conpared
to the overall length of the bearing to permt radia
wezpanmsen of the central portion of the beariPQI/US2004/005078

center S A RAAR Y erovwigreagiecdmpaed wrthadvetilbleRgth bf thé bearing to permit radial
boring bar in response to tenperature changes; and 6)

expansiod®f g rhﬁx'x Sﬁ@ﬁ%éaﬁ’ﬁ ttorh%c&ﬁﬂlbﬁﬁte "d'l@m%gsé i external diameter of a

conj unct 1 on e thickness and | ength of e webs

boring 6@{ in éeaSPﬁIéS]é 1 egﬁqer% Hrehciqgn%e aﬂc{@ étc . %ngtg];né {i% C X rf? t%e c@nter rib 142 in
conjungo P CHESTAMGeTaR eFbC pEbs] TR 16 driessid e e ofthe bearng

the invention. It |s understood that the invention is )
Wohile thedinvedtiomhasthsews gesctibedwithb elitain degrse of pastieuarity, it is manifest that
herein but is limted only by the scope of the «claim
many changek ahaysbeainbae etthe detadls of cogtriubigor of the imvepeionf It is understood that the
equi val ency thereof. (351540;) 13 WD 2004/076872
1nvent15’rg5/nl3’§1¥199@d QQE@%%clf\é\yéﬁa_Bohﬁqéﬁlt- £t W4 hedein budis lihile@ @ﬁlb/ B9 the scope of the

for rotatably supporting a cylindrical shaft within a
r e in which
claim of ﬁﬁqﬁ% e{cﬁ%&] qh(élﬁ&é pger%gﬁgnﬁ%%%ﬁﬁﬁzaleﬁcf& ;e§?| s subj ect
to thermal expansion and 3 the frane interna
cylindrical support surface has an internal dianeter
of B, conprising: 4 a tubular nmenber havi ng opposed
ends spaced apart by a distance D and having an axi al
5 passageway there through, the outer surface of the
menber having an external rib adjacent each 6 said
end, each rib having an external dianeter of B, the
tubul ar nmenber being slideably 7 positionable in the
frame internal cylindrical support surface, the said
axi al passageway being 8 defined by a central bearing
surface of internal dianeter of A and rotatably
receiving the shaft, 9 the bearing surface having an
axial length |less than D and | ess than the spacing
between said 10 ribs, the bearing being defornmble
within elastic limts permtting the internal dianeter
of said

(351540;} 13
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11 bearing surface to expand to accept thernal
expansi on of the shaft. 1 2. A bearing according to

w@@isireB72her ei n sai d menber has a | ongi t udi naPCHIUE1004/005078
WHAT ISeCEABMEDNES: sl it 2 extending fromsaid outer surface

to said axial passageway. 1 3. A bearing according to
Claim1l wherein said bearing surface is of axial

|/3€1515_91§ih% @r roReibly suppdrtidg a cHliddricdl SR iHn AGEREMBEa] Gyhndrlcal support
Claim?2 wherein said nenber has an external center rib

Eﬁ@é‘& i Oth the Qﬁtfﬁr’ﬁl:ag Qﬁ Sakthal dieRILAK SR 15%%_%0“8 I?ipé?lrnal expansion and

t he cent er avli ng an outer circunterent

B L SR AL 55 T i o

shal | ow dept h suppl enmental slot in each 2 said

external rib. 1 A bearin cording to G aim

wher eiPAuRy ra%'?qsha’rmgaenosggsﬁ ﬁ%wé&pa%byedxsgancwand having an axial
substantially equal 2 to the height of said external
PessegewBShent thrpughy thap oGy arsd 1k RETbeIda0ig/20 5B 1ib adjacent each
7. A bearing according to aim5 including a

phidreid] eychotibstiaingom erptial sligmptensnBalthestububr ier@Béibeing slideably
2 said external rib, the supplenental slits being ‘

%Bﬁﬁ@fi’aﬂl@lnrtﬁg 'ﬁ%ineﬁht@ﬂﬁ?cﬁfndﬁc&l Hft)&l{ éﬁ'ﬁ{é AL s v\%a%ma?passageway being

beari ng accordlng er el

@J‘[' cﬂgJ aa%eln?rggﬁﬁgﬁg@%f%ﬁsé of 1 t%rggfedlglﬁg:%ﬂ%f % ng 19 %af)l?r recelvmg the shaft,
Oseirdlg gw%%cgglaéfsal 3 58 tlgl}rglﬂé = 'Ifhrallgll)z%gi @gse @;ag élgcqpsagng between said

| ateral internal ci rcumc erential surface 4 being
gibedhebearingbeme defamahleneisiin alystickinite pergpitting Cheaintardal diameter of said
wherein said center rib has a circunferential groove

bearfigy sirfacd ®rexpand to accept thermal expansion of the shaft.

A bearing according to Claim 1 wherein said member has a longitudinal slit therein, the slit

extending from said outer surface to said axial passageway.

A bearing according to Claim 1 wherein said bearing surface is of axial length of about 1/3 D.

A bearing according to Claim 2 wherein said member has an external center rib positioned
between said ribs adjacent said member ends, the center rib having an outer circumferential

surface having external diameter less than B.

A bearing according to Claim 2 including at least one shallow depth supplemental slot in each

said external rib.

A bearing according to Claim 5 wherein the depth of each supplemental slit is substantially equal

to the height of said external ribs.
{351540;} 14



2 circunferential surface thereof. 1 10. A bearing
according to CGaim1l including at | east one full depth

w@b@i/otdsez ein of length less than D 2 and extRemMUSI04/005078

10.

1.

12.

13.

{351540;}

fromsaid outer circunferential surface to said axial
passageway. 1 11. A bearing according to Caim10
wherein the |l ength of each said full depth slot is

A etk Acouftnk P I a5 R ARty BhRCu b Biupfgatal stts in each
radi al |uybrication hole extending fromsaid 2 )
sxiderstranal gt thecwpplemeatal shisdeinggbacadr imgadiah plgnes of a tubular axis of the

bearing for supporting a rotatable shaft subject to
mhembesl expansi on conprising: 2 an el ongated tubul ar
menber supported by spaced apart radially extending 3
circunferential ribs and having a shaft receiving

ax bedringascsagingaty Chan dt whasiphsalthatialgpdskeeaian i@ further defined by lateral
cylindrical bearing surface positioned between said

htehaPattuaiferetti AlsuMBt /e RNt ﬂ&h%@gb&ﬁ%ﬁ@s of siriladBbrbearing surface to
15 WD 2004/ 076872 PCT/ US2004/ 0050 5 conpared to the

SERSAEIRER:AA. et 05 BP0 RSB it s

nenber ?Iaﬁtig_linits. 1 14. For supporting a

Pe10gEReAtE th3N Andri cal shaft that is subject to thernal
expansion, a bearing 2 conprising: 3 an el ongated

tubul ar nmenber supported at spaced apart externa

Iolcating Aecoxdiag tﬂa@k%ﬁg 4 vherein pad eentes ¢ hap A gireponfgrential groove in said outer
passageway therethrough, a relatively short |ength

cacunfedential anfeat thbrenfet er 5 cylindrical bearing

surface within said passageway and positioned

internediate to and spaced 6 inwardly from each of

ssatbqiriﬁg pREding RO@IR M enclidify Re&ist 61 81 BERA 8loPHeRdn of length less than D
radially flexible within

and extending from said outer circumferential surface to said axial passageway.

A bearing according to Claim 10 wherein the length of each said full depth slot is about the

spacing between said external ribs.

A bearing according to Claim 1 including at least one radial lubrication hole extending from said

external surface to said bearing surface.
A bearing for supporting a rotatable shaft subject to thermal expansion comprising:

an elongated tubular member supported by spaced apart radially extending
circumferential ribs and having a shaft receiving axial passageway therethrough having therein a

cylindrical bearing surface positioned between said ribs and of relatively short axial length

15



7 elastic limts of the tubular menber in response to
changes in the dianeter of the rotatable shaft. 1 15.

wo2ieardsmy according to Caim 14 wherein said pebubzn4/005078

14.

15.

16.

17.

18.

19.

20.

(3515403}

g{ﬁ‘[ﬁ?ﬁéd haSh@ spRiY betdicBARlsasl ibs, tthehehring BurfiteaeigKiradially outwardly
pl'ane. 1 16. ‘A bearing according to Caim 14 wherein

said ar i ' i-at: length of about 1/3
Fweand%?m@%n%é R sl PSR Dt “exct or nal

ocations. 1 17. bear,i.n c i.n ' . .
FAC RRIDH g oL G PR R LR ap U biea el exgpusion, a bearing
said spaced 2 apart locations. 1 18. A bearing

eooptisingig to Cl aim 17 wherein said tubul ar menber has

an internediate external rib 2 spaced between said

ri bs atphagaed sbithr spaded suparted iapatadapstt exigenal locations and having a
intermediate rib having an 3 external dianeter |ess

S RdiPb akialhasRE Ay Hercti@otigho b rdativalyfshos lengtintdwed thternal diameter
external "4 circunferential ribs. 1 19. A bearing

ggl%ﬁggé%ah?% glﬁé.(‘%] VJ‘thlg @%g?g&ﬁgeﬁyz&?ﬁ)gfsit%ﬁg% ?ﬁ%‘rﬂe@f&te to and spaced

each sal r nal

bear i accordi to Clajmi19 ' a . . s
SR eror g simav ke BE R hel R AER S Rltaly foxivie vithin
of said external circunferential r'ilbs. 16, {351 40'%

lost0tm 5T bY BOPlET FOSHB0 M 60800 Fhtes 1 e Jfaptege of the rotatable shaft

gécor_di ng to Caim1l7 includi r]g a plurality of shallow o
Indahing apqording bt Glaim| 16tveherein s@id sehoitar szdnabes aes leagitpdipal slit therein in
the suppl enmental slots being spaced in radial planes

@h agial platb.ar axis of 3 the menber.

A bearing according to Claim 14 wherein said bearing surface is of axial length of about 1/3 the
distance between the spaced apart external locations.

A bearing according to Claim 14 including an external circumferential rib at each of said spaced
apart locations.

A bearing according to Claim 17 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.

A bearing according to Claim 17 including at least one shallow depth slit in each said external
rib.

A bearing according to Claim 19 wherein the depth of each said slit is substantially equal to the

height of said external circumferential ribs.

16



1 22. A bearing according to Caim 18 wherein said
internmediate rib has a circunferential groove in an 2

wouioen767z cunf erential surface thereof. 1 23. PCDHES20041¢5078

22.

23.

(351540;)

according to Caim14 including at |east one radial
| ubrication hole extending from 2 exterior of the

tubul ar nenper tqg sai d bearing ? 1face {351540;} 17
A bearing according to Claim 17 including a plurality of shallow depth supplemental slots in

each said external rib, the supplemental slots being spaced in radial planes of a tubular axis of
the member.

A bearing according to Claim 18 wherein said intermediate rib has a circumferential groove in an
outer circumferential surface thereof.

A bearing according to Claim 14 including at least one radial lubrication hole extending from

exterior of the tubular member to said bearing surface.
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