MODULAR CRANKSHAFT | nventors: Omar M Kabir and Kent Pearl BACKGROUND
[0001] T ' this invention is a crankshaft that _j.sS.i r form
and noreqﬁgégﬁk F%élly relates to a connection techniqugbiﬁgﬁmgﬁgg%iches
the rigidity of a continuous crankshaft while allowing the flexibility to
be in nodular form [0002] Crankshafts are generally cast conponents that
accommodat e the required nunber of throws dependi ng on the nunber of
cylinders in the engine or conpressor. In |arge conpressor applications, a
breakdown can be very expensive for the operator " 10in the form of | ost
production or ot her procesiéﬁgiﬁgﬁ%zﬂikbﬁgﬁgggis can be made, for instance.
When the repair involves a X time can be | engthy because
vendors seldom maintain an inventory of replacenment crankshafts. |nstead,
when a repl acenent cra Lo | A oy ufactured from scratch,
which can lead to deIa@éa%%%guggggﬁfg%sﬁgﬁﬁg?%§§QEQS[0003] One way to
address the variety in the nunber of throws is to create a nodul ar design
wher e bagACIKCQRPANSI S can be assenbled to each other to create
therequisite configuration for a particular installation. The issue that
doi ng t hijgooRi BRSfitR Mstiﬂvéﬁ%hliggcmyf@ﬁﬁf 2 bl fbim 3fd %ﬁ;&é! ciently.
rigid to address issues such as alignnment, relative rotation and vibration,
anond ot Heecifisalljerclatpy foys cornertion tehbrigue tie mppasechkksttbe dgitilytf 2npdul es wi t h
a spline ' : 2t on, s i ' P 5,537, 971.
oo Ykl SRR R UKL B AATbtily AERET BEHws,

The problemwth this design i1s e connection and the

cl ear ancggohzy é:ﬁ?ucagﬂs%g eﬁé}ag&&meoﬁlggﬁ% g@%%%ﬁaﬁmtxﬂ%%g%eacﬂ me can

wear to the point of pernttting relati novenent an cause
vi br at i oriuzther ef 8rows|depending pu the mvnaberafayfinders fip theamging artcompressodepi ct ed

in 25USP 4, 2 ' o] i.n_and inserts.this frozen
pipinto 1failll ngg%g?%é‘xl %p(?&%g{?%shg%rﬁ%aggﬁé’gscﬁﬁé’gtvﬁgﬁ’gpw{@e E?rot@gé’ Chad ocfui res
precise dhithmfoemt ofdbstigredystion or other process outage until repairs can be made, for
<p
instance. When the repair involves a crankshaft, the downtime can be lengthy

because vendors seldom maintain an inventory of replacement crankshafts. Instead,
when a replacément crankshaft is desired, it is manufactured from scratch, which can

lead to delays and undesired downtimes.

15 [0003] One way to address the variety in the number of throws is to create a modular
design where basic componentis can be assembled to each other to create the requisite
configuration for a particular installation. The issue that doing this raises is how to
fashion a connection that will be sufficiently rigid to address issues such as
alignment, relative rotation and vibration, among other issues. Prior designs have

20 attempted to connect modules with a splined male into female connection, as is
described in USP 5,537,971. The problem with this design is the bulkiness of the
connection and the clearances in the splined connection that permit assembly but
over time can wear to the point of permitting relative rotational movement that can
cause vibration and even spline failure, for example. Another solution is depicted in

25 USP 4,622,864. This technique freezes a pin and inserts this frozen pin into aligned
bores to put the modules together. This process requires precise alignment of the pin
to make sure that lubrication passages through it are not obstructed. In other
respects, modular shafis that attach the modules together with threads are known, as
shown in a rock breaking tool in USP 4,657,306.



to make sure that lubrication passages through it are not obstructed. In
other re ular shafts that attach the nodul es ]

t hr eads g‘&g%@z@%g%jas shown in a rock breaking tool in &%&%@9%&

[ 0004] Therefore, there exists a need for inproved nodul ar crankshaft
connection techni ques. SUMVARY OF THE | NVENTI ON [ 0005] In accordance with
certain enbodi nents, the present invention provides a 5plug with opposed

tapers and spaced seal rings. Hydraulic fluid channels run to the tapered
exterior between the seals and spread the opposing receptacles in the

adj oi ni ng S t0 | ow _l.nserti of a cylindrical riion of, the pin

"o ¢ he o888k rffsite et ite 8 nood o np iyl ey Gumliieh sorasrtion 1 by n
response techiiydésaul i ¢ pressure and to return to the original dinension when
such pressure is 10renoved, thus creating an interference fit. The nodul es

ar e t hen SUMNMARYtOR THEINVENTIONpPer torque on the flange bolts. Those
skilled in the art will appreciate the various aspects of the present

i nvent i on[0ROSI Irpadcedanse Ofith deetadx efipbdifnentiedirsint snafdod pRovideaw ngs t hat

appear below, .as well ,as fromthe clains. [Q006]. By way of exanple, certain
o Dodk rorR OBy onposr e Boets o pted AsabEEs: ddvdroukn Juld dhenpe B ARBIRRE | hot

feat ures @perRARRRLOPBeGEhIR Q&Hé/mp&@ﬁtths%%ﬁé”ﬁﬁg I&E%Mm% jfosed femal e
S y

receptacl es.. A pin_havi nq opposed bevel ed en and hydraulic passages
t herei n | ¥ipining medules taatiov msspinseef 4 edingrigel nostiomoptierpinintodhg s i s

di sposed %écmelpgc\é?{aggs__emr@%ﬁﬁéﬁgkgﬁ@%%ﬁ& h{:regﬂ)%gﬁgut let. The

crankshaft wal|l that defines e ep _ 5 desi ghe ex in
response Bysirawyin preesurs anditel teturp te s erigindsimension whenseeh pressure e t aper ed

[ ti . . Le J kshaf t

Fedubos: oRoba e brefling U sh@Tereibe b TRERERNRR o fn MRS RBSHR L ohar

r ecept acl with@repemtorque kn e flangedraltsl Thogerskilbadrie théax mgH appeecptatties r enoved.

The _0PPOSetidi:aMRRAlf mb BFEBLARLERIQ Fol ARIEH, SAn8 kOMIAGT Lo e pul | ed
the pin. I Nt er i% Rt

t oget her over erence resurts-arou he pin after the
fl anges ag¢mbodiments and the drawings that appear below, as well as from the claims.

[0006] By way of example, certain embodiments of the present invention provide a
15 modular crankshaft that features a connection system between modules that features
opposed female receptacles. A pin having opposed beveled ends and hydraulic
passages therein is inserted into the opposed receptacles. A pair of seals is disposed
on the beveled ends and straddles a hydraulic fluid outlet. The crankshaft wall that
defines each receptacle is designed to flex in response to applied hydraulic pressure
20 between the seals on the tapered pin portion. A notch at the base of the receptacle in
the crankshaft reduces stress concentration and enables the wall defining the
crankshaft receptacle to come back when hydraulic pressure through the pin is
removed. The opposed crankshaft receptacles are flanged to allow them to be pulled
together over the pin. An interference fit results around the pin afer the flanges are

25 mated and the hydraulic pressure is removed.
DETAILED DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advantages of the present invention

will become better understood when the following detailed description is read with

reference to the accompanying drawings in which like characters represent like parts
- 30 throughout the drawings, wherein:



25mat ed and the hydraulic pressure is renoved. DETAI LED DESCRI PTI ON OF THE
DRAW N 0 ese and other features, aspects, and f the
presen%f@ﬁﬂ)g %-gvm |1 becone better understood when th%%&aaﬁdet ailed
description is read with reference to the acconpanying draw ngs in which
| i ke characters represent |ike parts 30t hroughout the draw ngs, wherein:
[0008] Figure 1 is a section view of two nodul es joined by the attachnent

of the present invention, in accordance with an enbodi nent thereof; [0009]
Figure 2 is a detailed view of the exenplary pin that is used in connecting

t he nmodulgae  FI aun ] end .vi ew.of the pin of Fi e 2; [0011]
Figure 4 llﬁgmgsl\&/%ggvsoio%‘s %%gﬁ%ﬁl ﬁleég? v%g;'%flﬂltegl%ﬂ%do‘%’( ﬁﬁ ﬁﬁgg B F & on the
cr ankshafpresentlinivestior], &0 4jordarge veittban smbodiedent theebofj ew of a pin end of the

pin as it is advanced into the receptacle; and 10[0013] Figure 6 is shows

t he pin f[0009] Biguser® ixch desailddeviewdifiths exumtplanipin et ds tiseddacbniddiag thd ETAI LED
DESCRI PTIL.ON, [[0014] The exenpl ary nodul ar crankshaft 10 has at |east two
i1l ust ratné?ld Hul es 12 and 14. The connection between them conprises facing

end r.ece . 16 and 18 15t hat. recei ve _oppgsed ends of a pin 20. The
exenh ar JOREOIFighta dfanandiaee b s of Fighe &
[0011] Figure 4 is a view of the pin part way into opposing receptacles on the
crankshaft modules;

[0012] Figure 5 is a detailed view of a pin end of the pin as it is advanced into the

receptacle; and

10 [0013] Figure 6 is shows the pin fully advanced as the modules are connected to
each other.

DETAILED DESCRIPTION

[0014] The exemplary modular crankshaft 10 has at least two illustrated modules 12
and 14. The connection between them comprises facing end receptacles 16 and 18

15 that receive opposed ends of a pin 20. The exemplary modules have flanges 22 and
24 that can be drawn‘ together over pin 20 to complete the connection. The pin 20
has a system of oil passages 26 through it. Details regarding the pin 20 can be better
understood by reference to Figure 2.

f0015] Figure 2 shows the pin 20 having an inlet passage 28 connected to a

20 transverse passage 30. Inlet passage 28 is sealed at 32, and transverse passage 30 is
sealed at opposed ends 34 and 36. There are two oil outlet passages 38 and 40 that,
as illustrated, are parallel to each other, However, it is worth noting that these
passages may intersect and may be disposed in the same plane or in intersecting
planes. Passages 38 and 40 can have one or more outlets on the outer surface 42 of

25 the pin 20. Ends 44 and 46, as illustrated, present a reduced dimension when
compared to the main portion 48 of the pin 20 that is located between them. That is,_
ends 44 and 46 present a frusto-conical section forming a truncated segment of a
cone, but other shapes are contemplated. This reduced diameter profile at ends 44

and 46 facilitates interference free insertion into receptacles 16 and 18, although



24 that can be drawn together over pin 20 to conplete the connection. The
pin 20 em of oil passages 26 through it. Deta] lng the

pin 20 m%@%’ghﬁer understood by reference to Fi gure@ﬁ%@%ﬂgﬁgure 2
shows the pin 20 having an inlet passage 28 connected to a 20transverse

passage 30. Inlet passage 28 is sealed at 32, and transverse passage 30 is
seal ed at opposed ends 34 and 36. There are two oil outlet passages 38 and
40 that, as illustrated, are parallel to each other. However, it is worth

noting that these passages may intersect and may be di sposed in the sane
pl ane or in..intersectin n Passages 38 and , 40 n,have, one .or nore
DUt T ot o BTG HEOHGTERGe S ILER0 35 3% S g ssBe S aad Sh B e el

i1l Ufst rﬁis%ntdi&ﬁﬁ&l%ﬁfand, ih&ldd:tp@d;ixg& blf&tﬂﬁ'aﬂﬁg phesureo Fiaired shows bealsrid n portion
48 of the pin 20 that is_|ocate et n.them That engds,.44 46 present
a ftust odebet o8 thersgheet imsnsoRHOEIqY c%(k@e%@aﬁ@mef&g"%% ﬁ«gﬂe but ot her

shapes a&gpd‘s_eateﬁ&wie%& fne gﬁhé, He R desi i Cnbmplart dfferatt éads 44 and 46

facilitates interference free insertion into receptacles 16 and 18,
al t hdughtreatoremty intaseomplishing the reduded dimengign.s With regawd terdbe madn Bedios 54 and

56 at th ' t@mh ' a [ : i ng
presi ur e.asg?lggécgs%qgéﬁ?v‘is%gelal S %g%ijﬂgﬂ%q%gh%ﬁhi E—go\xﬂﬁﬁéféﬁﬂlgfr%%%?%n portion
46. | n t Het éecshpbey of therowin pertion 48rendapp ossgtagled 16iaad dB8 Hecompatibleme,  but
the inventian cqptenpl at Lffer t J cconpl i shing the
reduced g}aﬁ@he ilgﬁl.n ¥Rr°%§§g?%1%%& ﬁlé&yrg? %%%?H%gé%@? Ht“%&a receptacl es 16
and 18 carcbelisgly) dthed gonspuaibddcrosiosetional shhpestrisidepodund are t hat t he shapes

of e main portion 48 and the receptacles 16 and 18 be conpati ble so that
thebBultF%tF&P;atﬁcﬁoduce an interference fit around main portion 48.

hecor o nohdhey il PR s ReEED AN o R AR BB AR 2 2
nmor e det alsb.illfsteguicscextnmlilag cidclunsdreni #1 seesssxisaand G thetindvereddishaped ecesses
58 and G%rc}sg-astect?oa}a\{ eI‘l'?escleJ_mscgg 32%8 and 60 serve to reduce stress concentrations at
bottoms 62 and 64 of receptacles 18 and 16 when their dimension is enlarged so that
15 the receptacles will elastically retwm to their original dimensions around pin 20 when
oil pressure is removed, instead of plastically deforming under applied oil pressure.
As shown in Figure 4, ends 44 and 46 have reduced dimension to allow them fo
readily enter the receptacles 16 and 18. At some point of insertion, seals 50 and 52,
for example, make contact with receptacle 18, while the same result occurs at the
- 20 other end of pin 20 as nut 68 is rotated on threaded rod 66 bringing flanges 22 and 24
closer together. Bolts and nuts can be used as an alternative. Figure 5 shows seals
50 and 52 contacting receptacle 18 as oil is applied under pressure through passage
38. The oil under pressure elastically enlarges the dimension of the receptacle 18 as
well as the receptacie 16 through passage 40. As a result, the main portion 48 does
25 not drag or only minimally contacts the surrounding receptacle as the flanges 22 and
24 are brought together with the oil pressure applied fo passages 38 and 40 between

seal pairs at opposed ends of the pin 20.

[0017] Figure 6 illustrates the fully mated position of flanges 22 and 24. It should be

noted that oil pressure is applied until the flanges mate to keep the receptacles 16 and
30 18 elastically enlarged to avoid hanging the pin 20 in either receptacle. As soon as

the nut 68 is torgued to specification, the oil pressure is relieved and the presence of



cross-section. These recesses 58 and 60 serve to reduce stress

concentr bottons 62 and 64 of receptacles 18 hei r

di mensi oﬁ’b’@[}@‘ﬁ’? ged so that 15the receptacles wll emgqsll@%rséturn to
their original dinensions around pin 20 when oil pressure is renoved,

I nstead of plastically deform ng under applied oil pressure. As shown in
Figure 4, ends 44 and 46 have reduced dinension to allow themto readily

enter the receptacles 16 and 18. At sone point of insertion, seals 50 and
52, for exanple, malce contact with recept acle 18, while the same result .

h d on threaded rod 66
br | noi ng EEhy o4 99 8 AP ir% 1 et s e Speie! SR an bo used as

an al t er pptacles FoGuad 85 ThE el re%enllssthaﬂaranﬁeﬁ&eﬁwﬁtaebremdrlﬁﬁlwmﬁ e 18 as
oil is a%l | ed under pressure through ass e 38.. The_oi nder ‘gressure
I

el asti cal’Pyhal geastgty cPHesnpngs lmain Rﬂ‘m deles 1§8n§§2\ﬁ§‘f Fo%s the
receptac !ﬁﬁlﬂ&séﬁﬁwdgﬂhééﬁﬂﬁﬁ%é&ho&%% B d@&ﬂ;lntaetea bed Bﬁi;ﬁ:d@liéée%mlﬂﬁ does 25

not drag or only mninally contacts the surrounding receptacle as the
f1 an§es Zpthgrat will eprreoipteihaittbe ol delpesonpeetion dlane asraégmgapdﬁﬁm ed to

passages le%;g ?!Flije?l pin 20. 100171
Fi gure Gtﬁﬁ%ust r%gles %\% Pﬁ%‘k%%t@ ﬁggiglf{il %?e an eg “and 24. |t
shoul d beddisiawilyhte Comeqtmmréﬂeﬂgbampﬁueble umwe hqusmgbe PHSESS t 0 keep
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the occurrence of undesirable plastic deformation and thus provide an interference fit

of the pin 20 in receptacles 16 and 18. Two or more modular sections that are alike
or unlike can be joined in this manner to accommodate the required number of
throws or spacing desired. Pin 20 can be machined or forged. Preciston instruments

20 are not required for assembly. The exemplary mating faces 72 and 74 are precision
machined so that when they are brought together the modules 12 and 14 are properly
aligned. The presence of the pin 20 in receptacles 16 and 18 provides the needed
rigidity to the connection under load and reduces the likelihood of deforming or
deflecting or flexing under torque to allow the modular components to function as

25 well as a unitary design. Modular components can now be kept on hand to handle a
variety of applications with different number of throws so as to reduce inventory
costs and to speed up repairs regardless of the crankshaft configuration using the
technique of modularity described above,

[0019] While the invention has been described with a certain degree of particularity,
30 it is manifest that many changes may be made in the details of construction and the

arrangement of components without departing from the spirit and scope of this



10uni que way of joining nodul ar crankshaft conponents for engines or

conpr ess r power equi pnent. The techni que e Ldua
interfergﬁggﬁﬁﬁﬁ&gﬁ better provide continuing alignnezFﬁaﬁQS?%ﬂgﬁggd
against relative rotation, without the need for splines, for instance. The
use of the oil pressure to elastically deformthe receptacles allows
assenbly wi thout specialized tools and shortens the tinme required 15for
assenbly. The recesses at the base of the receptacles 16 and 18 mitigate
agai nst the occurrence of undesirable plastic deformation and thus provide
an interf.ep it of in.20 in.r [ .=JWO Or nore
nmodul ar Jslsecéﬁq% 'sﬂ lsr%%eiasﬁ%%aﬁf' @ed?vel?ﬁ‘f’lg E%B%t;inﬂﬁ%i fogﬁh %g geli%ﬁh’fiﬁcly\g manner to
ac conmo datsoditnents aefuiortbchencintben isab ticHinoitsd anly dydbe seppeeditheatacRed 20 can be
machi ned.ar forged Precision instrunents 20are not required for assenbly.
The. exerfbs, Tt e quls e dhshvaietey (PR Pk dERmTERIeRts: ot when
t hey ar exppitiedght together the nodules 12 and 14 are properly aligned. The
presence of the pin 20 in receptacles 16 and 18 provi des the needed

(r]I i ?isii t y{oo20% Jgg?ii@ﬂi&%bb@ ﬁe#ﬂlﬂi%@ibnﬁ@ﬂﬁlgﬁﬂlﬁivd mmﬁmldrb@lrﬁﬁdﬂﬁkemmémff

eform ng or deflecting or exi ng_ under_torque to ow t he, ul ar
conponerff&ny B""Idifll‘f@flPB%g‘&é’ beghadq bythose }IF‘gﬂ/q#‘Gégﬁ ‘t‘jﬁi’c’w\t’}i&ﬂﬁ'ﬁ’t“g onent s
can now g iRikiof WHYRE Sedpe iH 8HE BeBrmiiicl Som e 1RBRI hA@EHVINEIeHd dcbpéi f ferent
nunber of throws so as to reduce inventory costs and to speed up repairs
regar di edftherlaime beloskshaft configuration using the technique of

nodul arity descri bed above. [0019] While the invention has been
described with a certain degree of particularity, 30it is nmanifest that
many changes nmay be nmade in the details of construction and the arrangenent
of conponents w thout departing fromthe spirit and scope of this

di sclosure. It is understood that the invention is not limted to the
exenplified enbodi ments set forth herein but is to be limted only by the

scope of the attached clains, including the fill range of equivalency to
whi ch each el enent thereof is entitled. 5[0020] Again, the above
description is illustrative of exenplary enbodi nents, and many

nodi fications may be nmade by those skilled in the art wi thout departing
fromthe invention whose scope is to be determned fromthe literal and
equi val ent scope of the clainms bel ow.



CLAIMS 1. A nodul ar crankshaft end connection, conprising: 5a first
nmoqul ar+ conponent having a first end connection; a second nodul ar conponent
havi ng a second end connection; said end connections, when brought
t oget her, accepting a connector, w thout preshrinking said connectar;
wherein at | east one of said end connections conprises a receptacle, 10
wherein the receptacle is configured to be elastically enlarged and said
connector conprises a pin insertable therein; and wherein said
receptacl e conprises a bottom and i béﬁhged with a recess nounted
externally thereto and in general ty to said bottom in use the
recess serving to reduce stress concentratlons at the bottom of the 15
receptacle, thereby allowing the receptacle to elastically returnto its
original dinmensions. 2. The connection of claim1, wherein said pin

el astical | y enI Al HEguigetrdnkSHeRRIndddhnestbn, 30m§|‘l§in onnection of claim?2,

conprising at |east one passage through said pin having at |east one exi t
posi ti ofed to apfirst m@%@@@n@e@hh@fﬂmeéé—'ﬁt@@F’é‘of‘ﬁe‘ém"arge its di mension.

25 4. The connechiQRomd nﬁ'&ﬁld@cgmggﬂémrﬂa%lr@%péécdnﬁ% QMRedta, adj acent said

exit to direct pressure develo In sal assage agal nst the receptacle to
enlarge its di meaidiand. cdﬁn@dmnsowhenbrmmmogemrmcﬁeptimaaa@pnn@,taou at | east

one seal  CcoRpl\Bhifksfrinking said connector;

wherein at least one of said end connections comprises a receptacle,
10  wherein the receptacie is configured to be elastically enlarged and said
connector comprises a pin insertable therein; and
wherein said receptacle comprises a bottom and is formed with a
recess mounted externally thereto and in general proximity to said bottom, in
use the recess serving to reduce stress concentrations at the bottom of the
18 receptacle, thereby allowfng the receptacle to elastically return to its original
- dimensions.

2. The connection of claim 1, wherein said pin elastically enlarges said
receptacle.

20
3. The connection of claim 2, comprising at least one passage through
said pin having at least one exit positioned to apply pressure to said
receptacle to enlarge its dimension.

25 4. The connection of claim 3, comprising at least one seal adjacent said
exit to direct pressure developed in said passage against the receptacle to
enlarge iis dimension.

5. The connection of claim 4, wherein said at least one seal comprises a
30 pair of seals that are on opposed sides of said exit.



30 pair of seals that are on opposed sides of said exit. 6. The connection
of any preceding claim wherein both end connections conprise a receptacle
and further conprise a flange adjacent an entrance to each respective
receptacle connectable by at | east one bolt or stud; whereupon said pinis-
fully inserted into said receptacles, when aligned, upon 5 said flanges
bei ng drawn together by said bolt or stud. 7. The connection of claim®,
where said receptacl es are expanded as they are drawn over said pin. 10

8. The conrgct i qmeafonaéegtiom of anwipesoaidingt diainy whesimbothsrd anmpestansr educed

di rension end segnents to faciljitate initial inserti ' osed
recept acl e%QmP"@.‘-"g&r'ﬁ@e%ﬁlﬁéé"gi fHﬁh?ffcongé\S%ESf%r\%ggqu%nfﬂ"eé@?%cggﬁpr i ses
condui ts haydnN@ssacivé reepStidicdr@orbib bl aBeastanedeymests; to facilitate

pressure transm ssion 15 to the receptacles tpo expand themto the point of
al | owi ng awhereyesen said ﬁ"b‘érf't'lh’dﬂs%?e‘jt'ﬂg’ ?ﬁ"?\mFSpﬁ&@é' Y"H?’ba&ﬂe&" PBYLpt acl es

Wi t houtg i ing drab® tod@Re 848 boR®Br fudc! ai m 9, further conprising
seal s s raqag(ﬁlﬁﬁg&e%%e'tigg orf saig conduits in said reduced di nensi on segnents
to allow pressurizing and 20 flexing of said receptacles as they are

advanced oyer tfie DiRectichlof JAifh & WHFS saiateRlptadiad seldkpantied asn sai d | ar ger

mai n portion of sard prn conforns to the shape of a surroundi ng receptacle
but havi ngthey lage dewndives agiddin.t han sai d receptacle before said receptacle
is elastically enlarged 25 such that upon renoval of pressure through said
conduits an interference fit is formed on said majin portion in said :
recept 4| e8,; salte éannstticmof claicohwhereindbe piscomiises eRPEFadTgdHCsbcess -

mounted exterior to e ‘al ASbdtibh A6 oBBB ietBptaliekhe el astic
range V\hend'f)’fe@?goﬁ'reg‘di s%%&%?f@g&ﬁﬁﬁgea#\gial@ndul!Ot S. 3 gﬁ oot -
9. The connection of claim 8, wherein the pin comprises conduits having
‘exits at said reduced dimension segments to facilitate pressure transmission.
15 to the receptacles to expand them to the point of allowing a larger main
portion of the pin to pass into said receptacles without interference.

10. The connection of claim 9, further comprising seals straddling exits of
said conduits in said reduced dimension segments to allow pressurizing and
20 flexing of said receptacles as they are advanced over the pin.

1. The connection of claim 10, wherein said larger main portion of said pin '
conforms to the shape of a surrounding receptacle but having a larger '
dimension than said receptacle before said receptacle is elastically enlarged

25 such that upon removal of pressure through said conduits an interference fit is
formed on said main portion in said receptacies; said first and second end
connections featuring a recess mounted exterior to each receptacle to
faciiitate expansion in the elastic range when pressure is applied in said
conduits. '

30



