PRESSURE TUBE W TH DEFLECTI NG SECTI ON This invention relates in-general to

subsea wel |

equi pnent, and in particular to- a pressure tube which connects

coaxi al bores pf two nenbers together. 5 _ One typeggéggfgigﬂagﬁ*.
n I

structure utilizes a subsea wel | head housing. A casing

wel | head housing and supports a string of casing. ‘A wellhead con- nector T
| onered fromthe surface, |anded on top of and connected to the wel | head
housi ng. The wel | head connect'or 10 has a bore thdt ‘is coaxial with the
bore in Lhebcasing hanger. A tube intergonnects the two coaxial bores. At
times, the bores may not Dbe rec Li.gng S requires the tube

bend S| i ght | \PR%%I%%%TI%qﬁE ‘g Tﬂlqngfl Ecﬁ;[ug : GEI h rreqrad| al m)\/en'ent to
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second end.
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menber . /\&kﬁlectlQﬂﬁsﬁﬁP?oﬂfl§“P6€§t@8 Be?tr%EEHthBtégageﬁfatﬁBbFﬁBe The
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of the tube.

The grooves are circunferential ne
grooves al t et tH° aﬁﬁpg?ﬁéﬁ 3I8trlpﬁe°§x;ggé thé ?leﬂéaﬁTkgh—XIal
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Also, the 30 ra

di stance fromthe inner of the tube to each out er

groove, i thasradearedtaghinés FPBﬁFPﬂeW&GPthﬁaPPrSfiPh& ub&st8%ach
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ThlS requires the tube to bend slightly. Elastomeric
seals will accommodate some radial movement. However, mis-
alignment is more of a problem with metal seals.

The tube of this invention interconnects two coaxial
bores of a subsea wellhead assembly. The tube has an inner
wall, an outer wall, a first end and a second end. One
of the ends of the tubes is rigidly connected to the first
member. The other end of the tube extends into the bore
of the second member. A deflection section is located bet~
ween the ends of the tube. The deflecting section is

‘made up of inner and outer grooves formed in the wall of

the tube. The grooves are circumferential. The inner and
outer grooves alternate with each other along the axis of
the tubing.

The axial dlmenSLOn of the grooves is substantially
less than the axial distance between the grooves. This
provides substantial axial strength to the tube. Also, the
radial distance from the inner wall of the tube to each
outer groove, and the radial distance from the outer wall
of the tube to each inner groove is much greater than the
axial dimension of each groove. Both of these together
provide substantial strength to withstand high pressure.




-2- I n one enbodinent, the second end of the tube is free for slight axial
novenent within the bore of the second nenber. I n another enbodi nent, the
second..end of the tube bears against a shoulder in the second nenber. The
Iength\frof the' tube is selected to conpress the second end against this
shoul der for a netal-to-netal seal. The radial depths of the grooves are

sel ected in the second enbodi ment to provide an axial force upon
application of internal pres- sure, or “selected to provide axial force from

external 10 pressureInomnboBMbdﬂuemmnmemmeomemphu ead bé& dhectubedlbyfnag
of exanple witheiq g%.vﬁ&ﬂallﬁm@%ﬁﬁgﬁaQﬁkﬂg L3 RESe W@ekﬁﬁeagghgare

is a vertical section ew | strating a portion o aving a
t ube const ruct &¢Mheracddy anpth@an edmbgidimentti,s they seciond; eRdgate thej suhe

partial sectiompalary %.‘é‘aqfnstth%. iR 1APMIn RHE Q%%na mafdelr. 9%@ 3ehgth
parti al sectlong #S \@4§96H|a1 ernate enbodi nent of a tube.

Referring td Fi% e 28 h§O1 FOPrESSe the secop8s FﬁgtaﬁélnSt
supported on atdds fslhwlde\iélﬂdreadxﬂemal—&ld%gleﬂlha;eaa bathe tradwhilcHhepths

contains at | e%%t t?x%eﬁg:?)%v%% g%%gg lje%te%ihq.nc%%l ngse %ﬂ erem%%da.ﬁle%t to

conventi onal nenmber 5cat 6q at ng of Casing
25 (not shown) PrRVigSekenf aksadeflorcge iROSN a@@él@mtemopfoﬂnthgneAspmgs-

hanger 13 and tshealeldrhead oqdd i blovile %ﬁlai'Q%r@%n9§6m1%xQ%§nﬁl
cylindrical bore 1 A set of exterior grooves 19 are |ocated on the well -

head housi A§ 1 PTeRSKEIE ' &Fd PO mect or 21 | ands on top of 30 the well head
housing 11. The vveI I meied iavenedion wAllwnbw be Geseedbed by Wag bIwekampdeof
a string of r|§ﬁr

shown h extends tqQ a roguction
veseel ot the Saeisrek gl 5 ks, REEARRAAN, Sranid s vEBRR L or 21
and the wel | head hou$iiggrel.1 Asplauveiritigadf seogdonrdlcaniewedllustrating
a portion of a wellhead having a tube constructed in accor-
15 dance with this invention; _
Figure 2 is a partial sectional view of the tube
shown in Figure 1; and
Figure 3 is a partial sectional view of an alternate
embodiment of a tube.
20 Referring to Figure 1, wellhead housing 11 will be
of a type that is supported on a sea floor. Wellhead hou-
sing 11 has a bore 12 which contains at least one casing
hanger 13. The casing hanger 13 is a conventional member
that is located at the upper end of a string of casing
U/ 25 (not shown). A packoff 15 seals between the exterior of
' the casing hanger 13 and the wellhead housing 11. The ca-
sing hanger 13 has a cylindrical bore 17.
A set of exterior grooves 19 are located on the well-
head housing 11. A wellhead connector 21 lands on top of
30 the wellhead housing 11. The wellhead connector 21 will be
connected to the lower end of a string of riser (not shown)
which extends to a drilling or production vessel at the
surface. A seal 23 seals between the wellhead connector 21
and the wellhead housing 11. A plurality of dogs 25 carried
35 in the wellhead connector 21 engage the grooves 19.



35 in the wel |l head connector 21 engage the grooves 19. -3- A cam 27.
noves from an upper position to a |lower position, pushing the dogs 25
inward into the engaged position. A hydraulic cylinder 29 serves to povg.
the cam 27 between the upper and | ower positions. 5 The wel | headz,
connector 21 has a bore 31 which is co- axial with the bore 17 of the
casi ng hanger 13. A tube 33 extends between the bore 31 and the bore 17 to
seal the interior of these bores from ghe bore 12 of the well head housing

11. Tube 33_has_ag.upper or_first end dly 10, -attaches. the tube
55 1o the uBl PaBad7cBRREs: rob 3h fBBRARERL b8, th. Aehaer | FoFbaLenan
i ntegral fl pnghil§ theadogsd25n1nWardppatoemueoénghge&ubessﬂloﬁlaAge 35
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riser (not §h6mﬁPpﬁFlPnéeléUﬁﬁeépéétﬂgnﬁhe upper end of the tube 33 and to ¢

the vellgead ConmaetQélzﬁeaaueanﬁachas aisaasnd BBQetbﬁtwﬁléﬁnﬂ§ bBLO the
casi ng hanger  bore éﬁ E gq % ntegrally f or med e | ect | gectlon
40 whi ch aIPﬁ&@ skt ttgﬁl PE&nd "b8AdE FFBgtP8ﬁ93501 BeftdFH edé | ection’
I n section éRtahliswbetadeal thef beecti 3n ahdthhelbmee eéndtof stahetRa. The

defl ect on $8ebL90ARs! 8nkREALEICENELER! ¥nll BLER 1 5eoROLRS3he0TnLlE |

wel | head con- "nec ength ect I'On Sectron 40 ma
be as nuch heousarghanf Ehbetéﬁahaﬁeﬁgthpaﬁrtﬁﬁ fapet3sndswhichnrigédivange

35 to thg | geehchesSenandusBd33Del! enbi @B13RELEOBCAReLRELUEES anBl Urality
of inner grooves 41 and outer groove grooves 41, 43 are cut

of  the
into an enl BFgRE f£e&: pthashepgBtsdnr uaéﬁlaﬁflpﬁégFBBefééngﬁlPS fochase
grooves 41, +43 anethecapedri enfll afieghpetubd033perlangbasst githewaxhinof ke

fube 33. The [anet OL89Les7440RKkEAT1RULNE' ol IRTLANEhABEE VALY , 43 O the

metal seal 39 seals the upper end of the tubé 33. The lower
15 termination of a riser (not shown) w1ll be connected to the

upper end of the tube 33 and to the wellhead connector 21. |

Tube 33 has a second end that extends into the casing

hanger bore 17. Tube 33 has an integrally formed deflection-

section 40 which allows slight axial and bending deflection.
20 Bending deflection in sectlon 40 allows radlal deflection
' of the lower end of tube 33. The deflectlon section 40 is

located entirely wihtin the bore 31 of the wellhead con-

nector 21. The axial length of the defléctidn section 40

may be as much as one-half the total_iéngthlof the tube 33 L
25 from the flange 35 to the lower or second end; Deflection ~
' section 40 includes a plurélity of inner grOOVeé 41 and

outer grooves 43. All of the grooves.41,'43'aré cut into

an enlarged section of the solid wall of the tube 33.

All of these grooves 41, 43 are located in pianes per-

30 pendicular to the axis of the tube 33,'The inner grooves

41 extend outward from the inner wall 42 of the tube 33.

The outer grooves 43 extend inward from the outer wall 44

of the tube 33. The grooves 41, 43 are staggeréd, with an

inner groove 41 located between each outer groove 43. The



The outer. grooVes 43 extend inward fromthe outer wall 44 of the tube 33.
The grooves 41, 43 are staggered, with an inner groove 41 |ocated between
each outer groové 43. The -4- radial extent or dinension of each groo

-

41, &3 is greater than one-half the radial distance fromthe inner wall
to the outer wall 44. The deflecting area is sized so that it is substan
tially rigid both in radial and axi_al, directions, capable of only slight
defl ection of about 2 to 5 percent. fhls i s accommdat ed by maki ng the
grooves 41, 4¥Faditdierextant conpghimethstion o mechl gooove- 446Gt U3nisngrbeter

def | ecting SQGldrdbrllnA3c iy $a A1 AL dinlee 3Ry e Msrsag?laggatol

di mensi on or thickness 45, as shown I1n Figure

groove,

‘preferably i FHoQutehettihéd%ame axi al dis- tance 47 fromone of the
grooves 41 to t he MmeXtdegneaa s arbee iaXisdlzddhisokraat 4% s BUBBthgss than
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the axial thick- ness 45 of e ro ve 41,43. Preferably, the ipner rad
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47, preferably about one-half.

Also, to assure proper strength of the deflecting sec-
tion 40, there is a fairly large outer radial distance 49
between the bottom or base 41a of each inner groove 41 and
the outer wall 44. There is also a fairly large inner ra-
dial distance 51 between the inner wall 42 and the base 43a
of each outer groove 43. The inner radial distance 51 and
the outer radial distance 49 are not necessarily equal.
However, each is substantially larger than the axial thick-
ness 45 of each groove 41,43. Preferably, the inner radial
distance 51 and the outer radial distance 49 are each about
twice the magnitude of the axial thickness 45 of each
groove 41, 43.

The lower or second end of the tube 33 has a plurality

of elastomeric seals 53 that sealingly engage the bore 17

of the casing hanger 13. A metal seal 55 provides metal-to-

metal sealing between the tube 33 and the bore 17. A retai-
- ner 57 holds the metal seal 55 in place. The radial lengths
'of the inner grooves 41 and the outer grooves 43 can be

varied to provide minimum axial loading due to pressure.

' Axial force or loading can result from pressure being
‘applied to the interior or exterior of the tube 33. For

i al



30 netal sealing between the tube 33 and the bore 17. A retai- ner 57
“holds the netal seal 55 in place. The radial |engths of the inner grooves
41 and the outer grooves 43 can be varied to provide mnimum axi al | oadj &y
due to pressure. Axial force or |oading can result from pressure’ being

applied to the interior or exterior of the tube 33. For -5- example, if
the only pressure expected is to be internal, the pressure in the tube 33
wll tend to force t he axi al thlcknesg af the inner grooves 41 to |ncrease
The tube 33 wi|| nd Lo gcLs

t he et al seanggp ?énﬁ ghgg g%XpP ggFﬁ % Bgcggéessugﬁe %Sgﬁ ﬁl%agf each

i nner groove gthehpseshureain thenbttibe 38 whilbbendlgoaforecel tBE, aggashown
in Fg. 2 EﬂﬁFﬂgeEQ”bprﬁﬁshHHe@“QrESGEbOQ1fQBCEﬁcﬁééﬁ Ofiﬁéttﬁﬁ£h3io

ot her. There W e no axial stress”iIn at case as a
result of int®ihdl tpreségr elongatear Fhisi fngRr)PadxPERRENTHr 838AraCts on

expect ed, Shetﬂésﬁeﬁai géagasb oubaaiagoemeeoﬁﬁreaa bnesehsétsg t@feﬁuel
t he di aneter gf bor

4e ﬁ gnce axi al rﬁeé L e tub ed g
external presS8PE. *I'R BgtﬁaF t ePR&F 8ﬁ8°8§té nafS15"e; §rREs 4P ?Beﬁ?ed
t he radi al dephbsbotethe gtosead 8%,43scshoba dml Piged2fotheduthet bemaxi al

forces on the tils, 33 bRa®BhBLENMEgLBeADGA 41 BReoCRoLABNNARASE AUkl D

| anded in thePie ous | S™ set tween thé casing 20
hanger 13 ‘andwihé helnﬁeéalﬁéu§tﬁes§llnTﬁbetGB@GB§3MPFItbétfééﬁénéa g0 the

wel | head qgnnggggthQf Iggeggghhgggsggge nector 21 is Iomered over t he
wel | head housing 11. The tube ewhg sert _into the bg he casi ng
e n

han- ger 13. Sllgh§1W&aP£ﬁYdeF e?ﬁefﬁéldBFﬁééPFﬁgl§e8xP?§te r of80 _
al l ows the tubasad34Btia ﬁﬁveabhteu&ékygsbbgbbl$3t0aalbgnsbﬂébtbﬁetbOéQuéI &/

even though t@ﬁeba gm%zegagfbsore 17 to balance axial forces on the tube
' ' 33 due to external pressure. If both internal and external

15 forces are expected, the radial depths of the grooves 41,43
can be selected to reduce the axial forces on the tube 33
to a minimum. '_ _

In operation, casing hangef 13 will be landed in the
wellhead housing 11. Packoff 15 is set between the ca51ng

20 hanger 13 and the wellhead hou51ng 11. The tube 33 will be
fastened to the wellhead connector 21. The wellhead con-
nector 21 is lowered over the wellhead housing 11. The
tube 33 will insert into the bore 17 of the casing han-
ger 13. Slight radial deflectlon in the deflectlng sec-

25 tion 40 allows the tube 33 to move laterally slightly to
align with the bore 17 even though the bore 17 may be
slightly out of alignment with the axis of the bore 31. This
assures that the metal seal 55 (Fig. 2) seals properly.

In the alternate embodiment of Figure 3, the_bore 17!

30 of casing hanger 13' has a frusto—conical_shoulder 59 di-
rectly below a cylindrical poftion of the bore 17'. Elasto-
meric seals 53' on the lower end of thé'tﬁbe 33" seal
against the cylindrical portion of the bore 17'. Shoulder
59 tapers relative.to vertical at aboﬁt 10 degrees. The



slightly out of alignment with the axis of the bore 31. This assures that
the nmetal seal 55 (Fig. 2) seals properly. In the alternate enbodi nent of
Figure 3, the bore 17° 30 of casing hanger 13' has a frusto-conical

shoul df 59 di- rectly below a cylindrical portion of the bore 17'. El asto-
meric seals 53' on the |lower end of the tube 33" seal against the
cylindrical portion of the bore 17'. Shoul der 59 tapers relative to

vertical at about 10 degrees. The =-8- “tube 33' has a shoul der 61 bel ow
the seals 53 twﬁech3vaha@5arehahuaert@1vaéubwakhatseamgtag deeLEeRStapbes
tube 33" is sized so that it wl cgngg |ghtlé in the deflection
section 40'° wi& aﬁﬁgesﬁ8uW35Fl§aél 0 REIZRESIder 59. This prel oads

t he shoul der 61 ag&hesttublee 3SHoudlsdeiizee, sprmhadlng aildt ebmpoeset al seal .

The diff I |
Thoul ders 56 SAdBFIT, HE®, BerdactIgh’ 88cRa0, L0 LRRR PELIBROu1EZ:
di aneter of tlhd basdactscidble showddey §PeoFbis3prhdcadsdiheesboulfiar 63

| ess_than theagnas diche ERbGLAGE 59 g%%léﬁngl aRdi-ateky-Rbeye §995' der.
59. The enbodi rrent. of Figure 3 prefera has i'nner grooves 41’ size

provide a pos?Pﬁvé1§fF£FnEGWﬁPe§§Pvénﬂ&P§e°5n1Pu§§93895mﬁéﬁ ﬁnééﬁr?ﬂﬁernal

pressure. ThepbaseehS tbe eaohildelrer 59r ague 643assarksss metduaaspaétaman the .
i nner dianeter of b '

di at el y .above sho r di fference
63. | nternal §P8§§ﬁ$e ﬁFFFnggSYVo%gFoﬁdéﬁgiﬁﬁe ?ugg93§aselﬂgr83§ ngutRE
conpressi 16 f groeveetdeehasha siameter Ghazndssiiessdehah9théhianeendsato

[ norease the g0 DLt Obothe 13 ahusadl LIUTRA 0L LAB.HRN g80e 59, 61

t
to w thstand |nternal ?ﬁ E I nvention has SI I'’cant advant ages.
The defl ec- ting rrﬁ'hﬁelemlb@dtlh@nttubé gligowe S pghtferabﬂal hgef iapekon to

accommodat e f ghodlleghighy Fisalkl ¢eed BRies aThbeidelkeakild compressive

force on tube 33' when under internal pressure. The base
15 of each outer groove 43' is less in diameter than the

inner diameter of bore 17' immediately above shoulder 59
by a difference 63. Internal pressure will tend to elongate
the tube 33', increasing the compressive force between the
shoulder 61 and shoulder 59. This tends to increase the

. 20 ability of the metal seal formed by the shoulders 59, 61
to withstand internal pressure.

The invention has significant advantages. The deflec-
ting member in the tube allows slight radial deflection to
accommodate for slightly misaligned bores. This deflecting

25 section is sufficiently strong due to the thin size of the
grooves to withstand great pressures. The deflecting sec-
tion will also transmit axial load in the event that the
tube is preloaded axially against the shoulder in the ca-
sing hanger. The grooves may be dimensioned in radial di-

30 rections to balance axial forces due to pressure, or to
provide a compressive axial force.

While the invention has been shown in only two of its
forms, it should be apparent to those skilled in the art
that i; is not so limited, but is susceptible to various

35 change% without departing from the scope of the invention.

.
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25 section is sufficiently strong ™ size of the grooves to
W t hstand great pressures. The tion wll also transmt
axial load in the event that t m&mﬁ"mﬂmﬂﬂmded axi ally against the —-.
shoul der in the ca- sing hanger e \gr esoves #ay be di nmensioned i n r adigl
di- 30 rections to balance axial forces due to pressure, or to provide a
conpressive axial force. Wiile the invention has been shown in only two of

its forns, it should be apparent to those skilled in the art that it is not
so linmited, but is susceptible to vari‘ous 35 changes wi thout departing from

t he scope of tdie\]iMS/entlon -7- CLAIMS 1, In a first menmber nounted to a
second nenber, both 1*1%‘@ '?:Eénﬁ}étlsﬁm%at%d %’ Qe@on@?%%b‘@@ Chg %ﬁe
axially spaced from’eac an |1 nproved neans con- necti'ng the
bores, conpri SeRpeans é’mngatﬁlkhﬁtaél%%Y ﬂ%#?dvh?@f&&n vihdedr aggl |, an

outer wall, aaf}dlraitlye%a&j& F 1o QUEE R AR Aprdrdd idar@ndoif dohe i
tube for c nnectin th first end of the tube to the first nenber with the

in- 10 teridbr 0§CY q%%seaquwretﬁﬁﬂ%llé’aﬁ WAt e bore of the

first menber; the secmuheemi tfukdenchatwilvgy et eindieng waltlo tdre ceeandraianber ,
with the outer VﬁxjstOfeélt (#Jl&e s%%%d{d’@r?ﬁ engagi ng the bore of the second
€

menber; 15 section I'n the tube for aligning the
second end of the tubeﬂ%_ntsh th'hé‘—l'tﬁ)rfe-r(ﬁt el e die rafdeefon leeraEdtdag ng

section havi ngia @iy iéﬂa U UHE UWHIRY & ﬂﬂélfimrmmeﬁt@xte@iiw
fromthe |nner wal | %ﬁwar a selected di stance; 20 tg_%ee | ecting

section had\fd nFeFinn |?§F(ﬁu9ﬁlin(ﬁﬁﬁk%QQHQQquﬂkQQtﬁﬁQJ

fromthe outerofviHe first member; R

the second end of the tube'extending into the s
second member, with the outer wall of the “tube seallngly
engaglng the bore of the second member,

15 a deflecting section in the tube for aligning the
second €nd of the tube with the bore of the second member,
the deflecting section'having a piurality of circumferen-
tial inner grooves extending from the inner wall outward
a selected distance;

20 the deflecting section having a plurality of cir-
cumferential outer grooves extending from the outer wall
inward, the inner grooves and outer grooves alternating
from each other in an axial direction; and

each of the inner and outer grooves having an axial 3\1

25 thickness, and each of the inner grooves being axially
spaced from one of the outer grooves'an axial distance,
said axial thickness being ‘less than said axial distance.

2. In a first member mounted to a second member, both
members having substahtially coaxial bores which are

30 axially spaced from each other, an improved means for con-
necting the bores, comprising in'combination:

a metal tube having an inner wall, an outer wall,
a first end and a second end;
means on the first end of the tube for connecting



I nward, - t he |nner grooves amd-outer grooves alternating fromeach other in

an axial direction; and each outer grooves having an axi a
‘HI m mlm mlfg[! eing axially spaced from one

25 thigﬁness and each of th
of the®=duter grooves an axial +«0Istancey sal & axi al thickness being | ess

than said axial distance. 2. In a first nmenber nounted to a second nenber,
bot h nmenbers having substantially coaxial bores which are 30 axially spaced
from each other, an inproved neans~f8r~con- necting the bores, conprising

i n conmbi nati ontha Fekak buheobavhagtaﬁeieaeﬁhéa#irsaanM$@f weth , tie figst
end of the tube for connectin

end and a secon d_end; n the firs o]
o The tiror CeRaoH: oFnEhE, BEPEOTRnECRHHET FEMBRRLGF LR HEL TR, The PO of
the tube in seafi hjecfimuni mamben;w th the bore of the first nenber; the

second end of the tube.gx! gibRg LRACOENENDOLRRE ok LAF S CONE MERDSo g

reans on the outer wal e for sSea- ngry engag reo
t he second Benbérthe gefpadtmagbesction in the tube having a plura- lity of

circunferential inner EEQQVﬁéaﬁétsﬂdhﬂg BGQE}tnélio f“@ﬁ% M@%é PHE“@éQ-

sel ected di stance; _the deflecting section having ura Clr-
cunferential ohiBF! §r889631§9t§h8|H@rPrB§1Ph€ 69?@? mﬂ??b?ﬁmard t he inner

grooves and outer grooaeaeﬁkéﬁtmﬂ§lBQcEi@H1EﬁCBh@tB&belHaﬁﬁn@xaatlura-
|rect|on

out er _groove ng_an_ axi al
thi ckness, andl&&¥nofr SEREURAREFAEBhyEEnRE: RECARTS FRCSRALEd FROM Bhe o
the outer @0oouesebywahlapnaiwaddsaasedecstadddastahceli ckness being
substéntially I ess tha@héahgffégékngi§E§E§8ﬁ having a plurality of cir-
Y cumferential outer grooves extending from the outer wall
inward, the inner grooves and outer grooves alternating
from each other in an axial direction;

15 each of the inner and outer grooves having an
axial thickness, and each of the inner grooves being
axially spaced from one of the outer grooves by an axial
distance, said axial thickness being substantially less
than said axial distance;

20 each of the outer grooves having a base at an in-
ner radial distance from the inner wall of the tube;

each of the inner grooves having a base at an
outer radial distance from the outer wall of the tube; and
said inner radial distance and said outer radial

25 distance each being substantially greater than said axial
thickness of the grooves.

3. In a first member mounted to a second member, both
members having substantially coaxial bores which are
- axially spaced from each other, an improved means for

30 connecting the bores, comprising in combination:

a metal tube having an inner wall, an outer wall,
a first end and a second end;

means on the first end of the tube for connecting
the first end of the tube to the first member with the



20 each of the outer grooves having a base at an in- ner radial

di stance fromthe i nner wall ammmmn of the inner grooves having
a base at an outer radial disa ﬂ ﬂ‘ er wall of the tube; and-,
said inner radial distance and sai’d dut & Ffadial 25 distance each belngﬁ
substantially greater than said axial thickness of the grooves. 3. In a
first menber nounted to a second nenber, both nenbers having substantially
coaxi al bores which are axially spaced fr om each ot her, an inproved neans
for 30 conneqhlgsbheokoss, tﬁggp&hsgaglaﬁgcegmhaﬁ&bgeloa wetal thubgopavi ng
an inner wall, an outer wal first end and a second end; neans on the
first end of°€h§hﬁu5érﬁﬁrm88hﬁ€ctlng the first end of the tube to the first
nﬁnbgr wntp tEe . -a-cbggeauoehahlabe &ﬁﬁ&hbgb&&é|bﬁ%tﬁgﬁﬁuab?atﬁ@mbékthd
t he bore of the first, menber ni er _in the bore of. t secon
member; the second e%&e FeFﬁthEB §t§R8|%§L|nF5tFH§188rén§ anhg°§8cond'
menber, wbt hoffhéheusecond! megbetrhe wiikhe theaoukemrgkpldngfgithg thbebsee-of

the second ”ﬁg?%&gfgﬁgﬂg&$ltQﬁeSQBQQdo%“@hgeééhggda%%hﬁﬁE LA] & @%H'gﬁé In

t he second ne Pecting section ing a plur 10
of circunf er sgcpad enﬁebegméoqeggéxpéﬁdthg showmldes nnnéhemﬁepoaétmemd a
sel ected di si,grce; the deflecting section having a plurality of circum
ferential outer grooves extending fromthe outer wall in- ward, the inner
grooves and outer gPo&fsd e&Fﬂéﬁn%@Fﬁd°Pr&Hn thee fubeohR¥ingn aa R 1yFRLi ty
directionp e@@hcQ&cthemamehaandna&&eQr@b@e%e&xhawaaggamraml&hethnﬁbaess,
and each of thﬁllnn %roov%%l%%%g s%an o

i the deflecting section hav1ng a plurality of circum- U/

ferential outer grooves extending from the outer wall in-
ward, the inner grooves and outer grooves alternating from

15 each other in an axial direction;

each of the inner and outer grooves having an axial
thickness, and each of the inner grooves being axially
spaced from one c¢f the outer grooves an axial distance, said
axial thickness being less than said axial ‘distance;

20 the length of the tube beiﬁg~selected so as to
axially compress the deflecting section slightly to provide
an axial preload force of the second end of the tube against
the shoulder of the second member;

‘the outer grooves each having a base at an inner ra-

25 dial distance from the inner wall of the tube;

the inner grooves each having a base at an outer ra-
dial distance from the outer wall of the tube; and

said inner radial distance and said outer radial dis-
tance each being greater than said axial thickness of the

30 grooves.

4. In a first member mounted to a second member, both
members having substantially coaxial bores which are
axially spaced from each other, an improved means for con-
necting the bores, comprising in combination:



spaced-from one of the outer grooves an axial distance, said axial

t hi ckness being | ess than said axial distance; 20 the length of the
tube being selected so as to axially conpress the deflecting section
slight#y to provide an axial preload force of the second end of the tube
agai nst the shoul der of the second nmenber; the outer grooves each having a
base at an inner ra- 25 dial distance fromthe inner wall of the tube; the
i nner grooves each having a base at antouter ra- dial distance fromthe

outer wall of the tubg; S | adj a
radi al dis- tance eac% %%P%b @?ggtggséﬁéngéa#%gaX|g?f?h%ﬂgness o?“%ﬁ% 30
grooves. 4. anfarstrendnantea ﬁQGﬁn@den@.a second menber, both nenbers

having substantial |y geaxkabnbereSeBLENeRE CoRXERk | YuisPaESH do:oHB CaLky
other, an i roved means for con- necting the bores, conprising in

tonbi nat i on: the firgt_epdngf afhe BEbAabP nEhanf iFsErMe@Per wHEDERS BT 1, a

first endsandealsecgﬂdtnadtunaanﬁ 98al hRgf tbshueDea©ioh Nei tWend Bore
connecti ng thg %b % g he tube to the first nmenber with the in- 5
8%t tBE rhrS&al'fh

terior of th €Ednmmuni cation with the bore of the first
nmenber; a conlcal shoal denicalt fbostdendinetber setdmd seemeir end of t he tube

extendlng into the seg,go -t h t ~Of €xpm
sealingly en- 10 gaglﬁagtﬁgc§§€28%§ %%eggécgﬁggngﬁgﬁgé%ﬁg ﬁé?ﬁ %ﬁ% Tecond
end bearing aegafinsembas,swWothdthei autés watbndf nbhdetube sedlirglngenrection
in the tyge BQ&&H? EhQ'HBﬁE'EY QﬁecééEHﬁéeﬁgﬂﬂéﬁliﬁ@”@itﬂr99¥e§e@5ﬁ§ﬂghﬂg

fromthe 1 nnér outward a sel ected di stance:
def | ecti ng sB@BFéRInavRrAGSE pharahpPrder éprthe second member;

./ a deflecting section in the tube having a plurality
of circumferential inner grocves extending from the inner
wall outward a selected distance;

15 : the deflecting section having a plurality of cir-
cumferential outer grooves extending from the outer wall in-
ward, the inner grooves and outer grooves alternating from
each other in an axial direction;

each of the inner and.outer grooves having an axial

20 thickness, and each of the inner grooves being axially
spaced from one of the outer grooves an axial distance, said
axial thickness being less than said axial distance;

the length of the tube being selected so as to
axially compress the deflecting section slightly to provide

25 an axial preload force of the second end of the tube against
the shoulder of the second member;

the outer grooves each having a base at an inner
- radial distance from the inner wall of the tube;
the inner grooves each having a base at an outer
30 radial distance from the outer wall of the tube;
said inner radial distance and said outer radial
distance each being greater than said axial thickness of
the grooves: '
the base of each of the inner grooves having a dia-



cunferential outer grooves extending fromttheouter wall in- ward, &he -

‘i nner grooves and outer groov T faeom each other in an axia
direction; each of the inner jMﬂm:'mH@ﬂﬂmrhaw ng an axial 20 . T
t hi ckness, and each of the inner dgroaoves being axially spaced from one “tff

t he outer grooves an axial distance, said axial thickness being |ess than
said axial distance; the length of the tube being selected so as to axially
conpress the deflecting section slightly-to provide 25 an axial prel oad

force of thenseePNdedbhdbe b {hbesAEUDShetbier SR SRt Oy difowe oo

menber; the quter_grooves each having_a base at. an inner radi al distance

fromthe i nnEROWEAFE HAYIRT (bl NRSR FIAERERF cRRE B deiiify £hsdian an

outer 30 radietexlisf atise basen dHecacth einvet | gobotdp sobenatsapressunes radi al
di stance and_ sai d.o r [ LS C pn r.eater sai d axia
t hi ckness of"t e%r%%g\;e%l?@?h%%%ése&g? %%‘g%g%fgf%e& %%%? %‘%%%\r}gtgr%avi ng a
di a- -5 11tighetrragairsbokre oshenddeteorddnenber i nmedi ately above the
shoul der having an i gRerpgi@ngt efadNabs i fnd eStdPagrddfesliRavikied ffathe

base of each inner groove,_ so that pressure wthin the tube urges the

second end Jretee thde hortess tigr| §aidalpRrer t Rhamter fof ; the PR Dhse of

each of the #nd esedbw@VitSmbariNng a dia- neter that is less than said inner -

di aneter of the bore of _the second nenber.
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