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MODULAR CRANKSHAFT I nventors: OmarM Kabir and Kent
Pear| BACKGROUND [ 0001] The field of this invention is
wa 2007aegRbaft that is in nodular form and norePCT/US2007/004553
specifically relates to a connection techni que that
approaches the rigidity of a continuous crankshaft
while allowing the flexibility to be in nodular form
[ 0002] Crankshafts are generally cast conponents that
acconmodat e the required nunber of throws dependi ng on
the nunber of cylinders in the engine or conpressor.
In | arge conpresyIODANPAR CRANKSHAFPr eakdown can be
very expensive for the operator in the formof |ost
producti on or other process outage until repairs can
be nmade, for InngttarscOmanivk KablreanddpaitPearivol ves a
crankshaft, the downtine can be | engthy because
vendors sel dom nmaintain an inventory of replacenent
BAQE%“@QEWW%. | nst ead, when a repl acement crankshaft is
desired, it is manuf act ur ed fromscratch, which can

[OPQhIdTl‘l% figld e thisdnyeniivads p ceakehathbahisdn njabdg]fomn endupre
spifRIE ﬁ§§teg b ¥§ﬁﬁe@{1¥n t%ﬂﬁﬁge baSI rogghésnﬂgi‘@ldﬁtg otha.e

create” a nodul ar desig onent
contizues @ankaha@a@mlml}m‘rmz theclexabidity tmebqr iacuodilerform.
configuration for a particular installation. The issue
[0002i: Ceroikslbpfisvirs sentraly cast componants teh hmnancdmﬂ thetrequired
i abthoWB1BUAMG bE Mt Mubélidh o RnAdUiP AR SRANEE cBliHhessor.
as al i gnnent, Ive ro |on
Indamrcomssmsr a}iphoanomaalbgmdhwe:aaﬂ)bewm e\daehave (ﬁcm“the bperator

iR R o YoblrB s 5 R rEode Syt B BrBRr P RS for
insteséeg MWihen tixerepairknvid 8ss érahlidafpMeeknGifade Yelengthy
cl earances | the s j t hat per

I d connectj o
bl S s et iy "Bt G1Gop REBIRronpehats. nstead,
whet mdpﬂzid’&:g‘ldhe tahksefrigidasditedn alis MivigRAlred Fain &RdiclE,aWs6h can

ion and eve line failure, for exanple.
16%\1 %%?yss%}dlmd@ﬁl%g MReRd in

[0003] One way to address the variety in the number of throws is to create a modular
design where basic components 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
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
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 shafts that attach the modules together with threads are known, as

shown in a rock breaking tool in USP 4,657,306.
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USP 4, 622,864. This technique freezes a pin and
inserts this frozen pin into aligned bores to put the

woudrioes2t oget her. This process requires preci BeT/US2007/004553

alignment of the pin to nmake sure that |ubrication
passages through it are not obstructed. In other
respects, nodular shafts that attach the nodul es
together with threads are known, as shown in a rock
breaki ng tool in USP 4,657, 306.[ 0004] Therefore, there
exi sts a need for inproved nodul ar crankshaft

[@04h Bderedoret thehnexjste a. neSUEMARY ré3Fe d Triddu 1 dME B DA [cORR&kion
teIcﬂmaccsordance with certain enbodi nents, the present
iCHVERtT on provi des a plug with opposed tapers and

SBRERRY SR uE AR EIS 1o conls and Spread the

ing receptacles. i.n the.adjoining nodul es to allow
(YT T Akordines VAT PR CIPORNIN o HAoOTT ot 06 Y CHIPR PP VidRS 2
phRspiel bppded e4Rp ad hced iRl FREE PHAEEEC LR %}g?hélg Wit the
o)

to flex [n_response tQ hydraul]c¢c pressure an )
(PSR TP OREN o0 1F Aeals echineddoe MRBASIBE Eavepiagies int tei s

alRIRNE Fhodhlid 3o GNERLRBH ot NEAIIS 8GR ibh be thE N into the
modul es are then flanged together with proper ‘torque

TRCGUYE regepinfdesh ofhesrecapieales ARicPRBRIIEH t Hex ay tespirise to

hPBRORE pRLSurt BRA Y& FdrinSo PGS iﬁalczﬁmtenﬁoﬁ WiRAhoh pressure is
invention froma review of the exenplary enbodi REnts

regpevednBug cesating antintgrfergnpe fit. B¢ madules avethen dengedivgether

ithoreha el (L Q0] spprect
e e T Haile HENe, Tho @ AMREn (58 b Yl amprssinie e
verneusiashedts of thgtpréssat imvestien fomreeticonofthstesampliween
f I opposed, f.emal e recept acl.es., .A
BBt IR e SR o BBt & O h 4 RS T e e s
I N LS.} d into the..o osglérecetacle.A ]

(8H] LA of BIME e Al Perklg PRBRER Ind G 36 ign Brovide a
netduéad dlankstafhghet foabires & bonrdctioti syastem bPbeveehankdines that features

wal | hat, defi nes each. receptacl e | desjgned to flex
opfbsed defsatren s RRiA R frocp] Beclit e rnd Sxcrnli
passaies thereinie ihstprRd SitoRhdofsystd Bdtepc Rt AhpaAf oft 281sRR8Rposed

of . the ce%tacle |cp ) .
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
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
crankshafl 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 after the flanges are

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

throughout the drawings, wherein:
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t he crankshaft reduces stress concentration and

enabl es the wall defining the crankshaft receptacle to
woaow/oogxk when hydraulic pressure through therPoTms2®?7/004553

renmoved. The opposed crankshaft receptacles are

flanged to allow themto be pulled together over the

pin. An interference fit results around the pin after

the flanges are mated and the hydraulic pressure is

renoved. DETAI LED DESCRI PTI ON OF THE DRAW NGS [ 0007]

These and ot her features, aspects, and advant ages of
[Q068] ﬁﬁgse ﬂxtis a ReEivni voew wif itwvo eosiobes jbimbdi oy thunatexrchbeatiof the

ow n detalghedds t|on| read with

PR iR it eEh B R é‘%erf" o 1 e

er re arts hrou t he, .
1G98] B 3 1 EREERET s S LR bty RPN phdfin sospeesine the
nmfodolespdul es j oi ned by the attachnment of the present
i nvention, in accordance with an enbodi nent thereof;

(030D Figure gus &n end sietv 6iEthaipieslf Figew Df the exenpl ary
pin that is used in connecting the nodul es; [0010]

(G810} Fegude Hds ARicaNdf ”’:?QWE phrt tWag iporbppbsihl gedeptaties(dAGhd]
Figyre 4 is a view of the pin part way 1 nto opposing
CVQgglﬁ‘? P‘é@e%n the crankshaft nodul es; [0012] Fi gure 5

' etail.ed vi end of the pi.n as it

g2 R R85t 8 aptaied Steafobl Pioendad ok s g encsd gto the
rézhpiaBlet gl pin ful ly advanced as the nodul es are
connected to each other. DETAILED DESCRI PTI ON [ 0014]

[0018] FX@uTpb6d¢ Shovarkk din GNBNdVEAdd abAhdasdates h8ASInnk¥Rd to

illustrated nmodul es 12 and 14. The connecti on bet ween
e‘l‘q]i’é?fh‘?fonprl ses facing end receptacles 16 and 18 t hat

recei 0 osed ends of a pin 20. The exenpl ary
D%éﬁl‘ s 22 and

[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
that receive opposed ends of a pin 20. The exemplary modules have flanges 22 and
24 that can be drawnA 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.

[0015] Figure 2 shows the pin 20 having an inlet passage 28 connected to a
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
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
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24 that can be drawn together over pin 20 to conplete
the connection. The pin 20 has a system of oi
wopasxagexe26 through it. Details regardi ng therprus2@7/004553
can be better understood by reference to Figure 2.
[0015] Figure 2 shows the pin 20 having an inlet
passage 28 connected to a transverse 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
outl| et passages 38 and 40 that, as illustrated, are
sofiff iatdrfkerice ceaseh]ls G0had 52Howey end and sdads SbaridShaitthegther end

. that t nt er.sect and

is e b B i fo B B ke ISR s0

andS 2t Qediaied ianeniRitp GtioN6e [0 thHd @letnmifrytdntbodithent, the
surface 42 of the pin 20. Ends 44 and 46,

onpRpeSehYIEY, is el but the iRjeation Pﬁ%‘ﬁgip&ﬁewgﬁﬁf% fhr ed
tr%‘?mt'ntﬂt@ 1H§éd?m&ﬂfshir&rlhé ged&f:e& BRadsidr? QNﬁtﬁ%gér& td @e3hAd portion

etween them ends 44 and 46 present a
48, thestegepiacles b6 as@és p@mw diptHanky séilapfrcu nldawwers@g R pent is

T
B, B8 38ep 8 1A 0 8RR GIRUE e B cqmpaile o
thatthey futtinaattcly frodece ansieter feoence it @roundapsiaploeson48. and

18 I h t
A%%dédiglﬁ g 22{;1%3{1@ %g E%?o a?%}hagggb su?e% r% gd gr% a
comderhplapdat ed and, in fact, desired for seallng

pressure. Figure 3 shows seals 50 and 52 on the
[002dLEEhrel e 5 diuspatettho assébly techinique xrempkadatail. Figure 4

nd
A1 BTN ceahP B PR L s Stel fa b0 6 M no ¥ 1f-Mifiped
crawgumbns Mheg: tebesseeiBimetictisarea s mducd/itdss cegantatians at
t 48, th | 6 and 18
b e
@&?&d % cgefs WilEe1ARicAllP 8dthinGB thér aﬁgmhh@n{eae@ag aouas piIﬁZO when
an e conp

atible sg that they ultimtely
Ol RroSPIEAT EFRAHEE: mstea%%ahahwrﬁ%m% Hogey applied i pressure.

Aé\%ﬁ@m i 8lghre 8! O 44QRRAGIHAVE r&m@& dRRGIsicNBlalsaRes to
besi des round are conteqflated [0016] Figures 4 and 5

reaflily snieathe reprptagdecHbind 1% cAhseuepeint abinsergienqgepls 50 and 52,
ch- egglrnﬁle, make contact with receptacle 18, while the same result occurs at the

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 receptacle 16 through passage 40. As a result, the main portion 48 does
not drag or only minimally contacts the surrounding receptacle as the flanges 22 and
24 are brought together with the oil pressure applied to 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
18 elastically enlarged to avoid hanging the pin 20 in either receptacle. As soon as

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



10

15

20

25

30

also illustrates exenplary circunferential recesses 58

and 60 that have a U shaped cross-section. These
woeetEgrex658 and 60 serve to reduce stress PCT/US2007/004553

concentrations at bottons 62 and 64 of receptacles 18

and 16 when their dinmension is enlarged so that the

receptacles will elastically return to their origina

di mensi ons around pin 20 when oil pressure is renoved,

i nstead of plastically deform ng under applied oi

pressure. As shown in Figure 4, ends 44 and 46 have
recedechfland G fisiilitatd the alaktowdidnarno tiee megd'a] dinentien féihe

reé%%?@gsggé }QQﬁg‘d rg;\ghﬁsfgge aﬁgggn I ?%rtp%{gcrl] in the zone
76 8REPEREAISy é&res%h&iﬁtotrﬁﬁn%@ffﬁ)rf@ athle rﬂ@(ﬁi]éssl Bind hﬁare now
ot her end _ of pin 20 as nut 68 is rotated on threade

fllypsganiped nBilen@l fipg gt shown)s dissanpgotedesnd Ggaeth é}hose skilled
inB8k b& vandap%&ate bt B HPREktRSnARRhIEpRAL y&a aceit glgas iPthe

shows seal 0 and 52 contacting receptacle 18 as oil
flprgea QélamddMn@élpwmle@wSeWhl&ﬁ heglrnges argqulied togptleroi |
AR S8 Lo EY8T LT B LA ROBnE PTRIRH{ls B rocess
rpiampégegm prassuze whiepetting ltlee flenges 23rand@4- 48 does not
drag or only mnimally contacts the surrounding
[00a8 Fhasd skibed innthe fattaw@ee@pmiaém thap thegpresdnt ouvghtion provides a
et he h t r ' t
w3888 485 et ibthe B8a o R IH S BRRLY ST A R IB R sors o
oer p@\@&lehhqﬁngmr €hé teichhilqse emphglstarmsiﬂuﬂl iytenmeexde fit to better
dt on_of fllances 22 Lt s ouId not e tgtgt 4
PiVicasoRLBHE 4 EnHisht ?‘?s‘h Lﬁ’r‘tafdr g4t IFIANYR WGOREES Pee
fdrhﬁhﬁ@@ &nﬁa@thﬁﬁe Tthend oFthecdinpiesaak ey elamduamgeﬂfdrm the

avoli in pin 20 in .ej.ther C acl e. . As. soo
rGEptagt AlowE BsE DG Pacialit plsHr o G e 1eduired
fdira§§e$1wl? Ther@ddssasedl iy hst BEIHRIOEPMIEeOfd ALERSRStiB% against
and 60 aC|I|tate the elastic return to the, original

thei geeparrss afgmdedrable plgsticsdefernagtipmand thpepoyideaadpiorferance fit

oP ﬁlétpnélﬂo 'uE‘Ir&:"ef)&EI%B 98 ahliti8l TS &AhBFE MBdLBLsZABAs t?lgt are alike
hat generally corresponds to main portion 48. The

owdmee@ninz Jargd 11 this maape tpdrrgmaedateihe rpquirme namber of

tﬂrE@F of g;%c %‘ﬁé@iﬁgd' %uijt@ eaBenbadnaNdr FRAPRE Predi I§f2§ﬂnstruments

appreciate that“the oil inlet
axsorvh sequiived foy atﬁb@béd B@i} exsomlary rgating facesHE: 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
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,
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



flanges 22 and 24 to allow oil access while the
flanges are pulled together. Additionally, the
woamT@oes226n descri bed above can be undone by r e¢EUSRMG004553
the process and applying oil pressure while parting
the flanges 22 and 24. [0018] Those skilled in the art
w || appreciate that the present invention provides a
uni que way of joining nodular crankshaft conponents
for engines or conpressors or other power equipnent.
The techni que enploys a residual interference fit to
disblettrer Itjs onvdedstocd thiat e ingeritidngs neniimétad td thegtam@lified
i nst relative ratation, wthout the need fo
emfifiofials oof 6741 i ialis Bk HoSgPhyiny P Ronecdity atqcped
clath@ Shélading YhRfiORApE Becqacapiacthbethiah baksclamsabyof is
W t hout specialized tools and shortens the tine
entitlii red for assenbly. The recesses at the base of the
receptacles 16 and 18 mtigate agajnst the occurrence
[0g30] mith%wedga%xmtwndéf Hy o Rl GeenRipysephosdimgrtsetnd
mdngtrﬁééiﬁézﬁﬂﬁ@ rhiyl beOhali® By Bidie 2Rilled ik BeoRt Rthss deBadR from
18. Two or nore nodul ar’ sections that are alike or
the iy eoncuhossscpps del be detchninegdrme the btesd eodwadiarient $repe
ofﬂggggﬁngﬂﬁqber of throws or spacing desired. Pin 20
can be machined or forged. Precision instrunents are
not required for assenbly. The exenplary mating faces
72 and 74 are precision machined so that when they are
brought together the nodules 12 and 14 are properly
al i gned. The presence of the pin 20 in receptacles 16
and 18 provides the needed rigidity to the connection
under | oad and reduces the likelihood of deformng or
defl ecting or flexing under torque to allow the
nmodul ar conponents to function as well as a unitary
desi gn. Mbdul ar conponents can now be kept on hand to
handl e a variety of applications with different nunber
of throws so as to reduce inventory costs and to speed
up repairs regardl ess of the crankshaft configuration
usi ng the techni que of nodularity described above.
[0019] While the invention has been described with a
certain degree of particularity,
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it 1s manifest that many changes nay be made in the
details of construction and the arrangenent of
woaopaeents Wt hout departing fromthe spirit a20W/USC®pPO4553
of thisdisclosure. It is understood that the invention
is not limted to the exenplified enbodi nents set
forth herein but is to be limted only by the scope of
the attached clains, including the full range of
equi val ency to which each elenment thereof is entitled.
[ 0020] Again, the above description is illustrative of
exerrgl ary enbodi nents, and many nodi fications nay be
CLASpy those skilled in the art w thout departing
fromthe } ' [ det er m ned
Fromthe 11 anat YeltRBTeRE Pl Bl SoBARHE" 01 2 e
bel owiitGt moNBtar ¢ompomand hheing arfastkeidafonnestbngc onnect i on,

cna sReimofytet ESbp BB Ra AR B iy ng 2

secaaill antconastiRes,) when Bidiughtendethon) aeiptia &.coni@ior, without
br ought t pget her, accepting a connector, wthout
pr?#‘@&‘ﬁ]rniglﬁ?’l PASEH-connect or. 2. The connection of
claim1l1, conprising: formng an interference fit
betﬁgen sai d connector .and_at | east one of said end
conrfect i ohi& copnestpn a1 GIRSISIRE ai m 2, wherein: at

| eashriaitg B inkefefbn8t it GOANRAShRNDNARTEY IRER 1&st one of said end
receptacle; and said connector conprises a pin

COpRECEPPEbl e therein. 4. The connection of claim 3,
conprising: said receptacle is configured to be
el astically enlarged. 5. The connection of claim 4,
conﬁ%isin§¥e§@m@0ﬁ@@9§pb@h@,@dwpimses a bottomand is

for rﬁ‘?‘ijea\ﬂ &ﬂa & s%%ceqi%lsco%g&%%% comprises a receptacle; and

said connector comprises a pin insertable therein.

4. The connection of claim 3, comprising:

said receptacle is configured to be elastically enlarged.

5. The connection of claim 4, comprising:
said receptacle comprises a bottom and is formed with a recess mounted

externally thereto and in general proximity to said bottom.

6. The connection of claim 3, wherein:

said pin elastically enlarges said receptacle.
7. The connection of claim 6, comprising:
at least one passage through said pin having at least one exit positioned to

apply pressure to said receptacle to enlarge its dimension.

8. The connection of claim 7, comprising:
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externally thereto and in general proximty to said

bottom 6. The connection of claim3, wherein: said
wpi2no7alegRbi cal | y enl arges said receptacle. 7. PO®/US2007/004553

connection of claim®6, conprising: at |east one

passage through said pin having at |east one exit

positioned to apply pressure to said receptacle to

enlarge its dinension. 8 The connection of claim?7,

conprising:at |east one seal adjacent said exit to

di rect pressure devel oped in said passage agai nst the

r ec jbienst end seabadjacaye said sxiditordive¢tqumessBre dEvelopedireetid passage

[ rein; .d at.]| east one seal conprises

agggggkgkoégggggge?%ggegggg%%mggbosed sides of said

exit. 10. The connection of claim3, conprising: a

redyged digpension.on at |east one end of said pin to

faci'ita?tﬂ$?@nFﬁ§%ﬁ?$%Wn?gi%hgegbrresponding

r ecefaidsill€ast dhe s CoRPiNRA paifo Ofeals| tBatird On opPp&elistles of said

sai d reduced di nension portion conprises a taper. 12.
®X#he connection of claim 10, conprising: at |east one

passage through said pin having at |east one exit

positioned to apply pressure to said receptacle to

enl aflye i The epmmsaloweaf claim §, emprisingat ed at sai d

" UL VR Hon A" 18 orknbiNh GRIVIAGS rMifl ifd itldRion
12, conprising: at |east one seal adjacent sard exit
intgpgcoprespending extgeiadledi mensi on portion to direct

pressure devel oped in said passage agai nst the

receptacle to enlarge its dinension.

11. The connection of claim 10, wherein:

said reduced dimension portion comprises a taper.

12. The connection of claim 10, comprising:
at least one passage through said pin having at least one exit positioned to
apply pressure to said receptacle to enlarge its dimension;

said exit located at said reduced dimension portion.

13.The connection of claim 12, comprising:
at least one seal adjacent said exit and on said reduced dimension portion to
direct pressure developed in said passage against the receptacle to enlarge its

dimension.

14. The connection of claim 13, comprising:
said at least one seal comprises a pair of seals that are on opposed sides of said

exit and on said reduced dimension portion that further comprises a taper.

15.The connection of claim 3, comprising:
both end connections comprising a receptacle and further comprising a flange

adjacent an entrance to each respective receptacle connectable by at least one bolt or
stud;
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14. The connection of claim 13, conprising: said at

| east one seal conprises a pair of seals that are on
woppoawsk2ei des f said exit and on sai d reducedPCT/US2007/004553

di mensi on portion that further conprises a taper.

15. The connection of claim 3, conprising: both end

connections conprising a receptacle and further

conprising a flange adjacent an entrance to each

respective receptacle connectable by at | east one bolt

or stud;whereupon said pinis fully inserted into said

r ec ephereiey saphpin ialfilinmdertadioty sad deckpamnigeswhai Alipned, upon

sai aolt,.or stud, 16. The
Saconn 8% P%ﬁggg‘gﬁgﬁ%ﬁiﬁg? (:S%Ir(}pbrollts?rr?é‘.‘d‘sai d receptacl es
are expanded as they are drawn over said pin. 17. The
con jon of clai 6, .Gonprisi.ng: said pin conprises
opposedF QUL OHiOI%f?é?lc}%’% PE¥PBents to facilitate
i NI tsafd recBs@Elel B dxPhAdcAMRABALLre DL B9LERId fiR: The

connection of claim 17, conprising: said pin conprises
conduits having exits at said reduced di nension

S egNeNThe bBnhidiohidrdlfmPee SGpRsihgans i ssion to the
receptacles to expand themto t%e point of allow ng a

| ar getd pigicenpBises opPased reduced gimensipasund ssementitd facilitate

ini&iﬁpﬁt@&ﬁ%hqﬁtovﬁﬂp%é&re:b.?ytgél&?r ence. 19. The connection
of claim 18, conprising: seals straddling exits of

said conduits in said reduced di nension segnents to

21 | M BEEISHILAIONS (1B G SRR T eceptact es as

they are advanced over sai 0. The connection of
cl aisaidugin coompises tomgiuits Ardng axgeat smid redpeced dimrensionsagilents

to @écﬁit%férgrgsfsﬁ}ggaﬁs?nigsqgn oh%%%ec%];ta%le%l{g reg;l)'lgn(%il tﬂgm to the point of
allowing a larger main portion of the pin to pass into said receptacles without

interference.

19. The connection of claim 18, comprising:
seals straddling exits of said conduits in said reduced dimension

segmients to allow pressurizing and flexing said receptacles as they are advanced over

said pin.

20. The connection of claim 19, comprising:

said larger main portion of said pin conforming to the shape of a surrounding
receptacle but having a larger dimension than said receptacle before said receptacle is
elastically enlarged such that upon removal of pressure through said conduits an
interference fit is formed on said main portion in said receptacles;

said first and second end connections feature a recess mounted exterior to each

receptacle to facilitate expansion in the elastic range when pressure is applied in said

conduits.

21. A modular crankshaft end connection, comprising:

a first crankshaft having a receptacle at one end;
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receptacl e but having a | arger dinension than said

receptacle before said receptacle is elastically
wenb@vigextesuch t hat upon renoval of pressure tRCOWGR07/004553

said conduits an interference fit is formed on said

main portion in said receptacles; said first and

second end connections feature a recess nounted

exterior to each receptacle to facilitate expansion in

the elastic range when pressure is applied in said

conduits. - 21. A nodul ar crankshaft end connecti on,

conprdasiphigg menfher havingardhahm‘ltextmdmggheretmm aal lfav&ig first

w8 SR SR T TR T35 Y P B SRR e

thashthe paralleheross-estionslatiameat offiharneseid pli‘rtlbrlnemﬁlthétouplmg
orti.on is Iar r than t ar al secti ona
mRtsrebdpedie SHE battdRauitratghiioafion BHB 1o tiamRgand located
betesenEirsi il Je6@Fd Forfibhs;@hdport in fluid communi cation
with the channel and. | ocated between first and second

por 3 BAYDE aigmalsentisgediosdrtympcrmibe gorpling member between
thE€ bt FBRTNAEH it ?QHiQJnl Eedot%ts\éﬁﬁ{g érh_at%ge Wi het'he

port and the first portion, and configured seal I ng
recshtpsifew e Wecnuplingmember is inprsiedtinte thotasepiaglenenber i s

inserted into the receptacle. 22. A nodul ar crankshaft

end connection, conprising: first and second

cr arfés Hamosiulas simkishadtt eiad aorm@efapt gomgrigingone end; a

pi n r & tacles and

havi fgja %?aﬁ%{é%@%{ﬁgha ane%g hX\9 eé‘%?ﬁ e?te e&&g h,

wheragpin at teastqiaamully received bf It}w nécqﬂmtemamiaﬁavdmg 4 ednt he

[ec tac es of irst an con .Cr haf t
ch J’r g m% ftheg L}%l F‘r{é‘ﬁ{)eé? e mgfglgatcomurﬁ?qﬁlon with
thamdepﬁaﬂés gfithe dirsmﬁesabmmgdrynmaage vvi th the

rece };If;}rcalll‘tays of sealing members disposed about the pin and confi gured to

sealingly engage with the receptacles.
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