MODULAR CRANKSHAFT | nventors: Omar M Kabir and Kent Pearl BACKGROUND
[0001] The field of this invention is a crankshaft that is in nodular form
and nor e BOR8WYMP822A| |y rel ates to a connection techni quBCTARRO0FHMSBRChes
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 other process outage until repairs can be made, for instance.
When the repair involves a MOMNARGRANKSHIAREt i re can be | engt hy because
vendors seldom maintain an inventory of replacenment crankshafts. |nstead,
when a replacenent crankshaft is desired, it is manufactured from scratch
whi ch can | ead to del ayBveersuRanss M EabirandtemsPeari5[ 0003] One way to
address the variety in the nunber of throws is to create a nodul ar design

wher e basj.c ts can be assenbled to each other to create the,

requi si t@%&m on for a particular installation. The issue that doing
this rais ' 0 shion a connectio haf will be sufficiently rigid.
to addres@ﬁptiagg%{fﬁ#@? ‘BV‘?’BWHéﬁ?F"ﬁ“%FIE{h t1sdp medplarfpEe ¢nh AP on,  anong
ot hers i ssgReifichiy e6larde s §o6miRY6n %Bfﬁqﬁﬁﬂiaﬂ@pﬁfba_ﬁl%&ﬂﬁ&ﬁglﬁ%lﬂﬁs with a
splined male into femalﬁ connection, as is._described in USP 5,6537,971. The

pr obl em vibinpaRscrapkshgy wiile s{loving thededbidity ke wonadales HEmand t he

cl earances _in the splined connection that permt assenbly but over tine can
wear to tiN80BLrnkshatisargiseneglly cast gpmpensnis Hiat aprommedatertherreawisgd can cause

vi brat i onmanskrdfehrowdl depndiap bHife nifbertaiRhers A Blch@ipiUr ¢ohdRedssr,
depicted in 25rUSP 4, 6220,58%4. gThi S lE'ech‘:ﬁi qué fr%rgzes a |§il n arnd%esgrlis this

frozen pi R lprgesommresses apiications apueakdpenipsd easty expenbize forthe opprataress
requiges PHESIRSE, aF1 i . | [

passas Pc KSR Bl oBiRAhorin dr W plod R BBl SHAFTch ™ purd BGRB8t 1
t hat at t ciobtanese Wihdnltherepaydnyavessd ¢erankshaBathe doventionoean, bedengthywn i n a rock

breaki ng §Qhsd Ventofs sefic?? Mmat@fn an inventory of replacement crankshafts. Instead,

when a replacement crankshaft is desired, it is manufactured from seratch, 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 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

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.



[ 0004] Therefore, there exists a need for inproved nodul ar crankshaft
connection techniques. SUMVARY OF THE | NVENTI ON [ 0005] In accordance with
certain dvPaei7H882€, the present invention provides a SPELEHSHOT/A4EPposed
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 ning nodules to allow insertion of a cylindrical portion of the pin
into the respective receptacles. The receptacles are configured to flex in
response to hydraulic pressure and to return to the original dinmension when
such pressure is 10renoved, thus creating an interference fit. The nodul es
are then 10084l dberesore: there Giisth 2meep&ar imprayigd reedulircrankshg® chotaction Those
skilled iﬂahﬁﬁyéit wi || appreciate the various aspects of the present

i nvention fro a review of the exenplary enbodi nents and the draw ngs that

appear b I oy cl ai ms. [0006] By way of exanple, certain
enbodi me%t S 0 g?ﬁ\éﬁgg‘es}%nt i nv%nt Ion provide a 15nodul ar crankshaft that

features | Pl S DAl st dral . d fermal e
recept acl g@‘%@%" avi ﬁgﬁg{o%%@gd EQ%I' eU(Ij'LSéﬁl(f aneéi.& ﬁ?&ggﬁip%gg‘%égages
t her ebn i plugnzidh oppbsed tapershandspaosbstal HugpntHydreslic Aujddhannéls swatosthe S

di sposed ¢9n_the beveled en and sty add| a hydraulic fluid outlet. The
cr ankshat PRgiiocE By B B M @ndibe BopdThEtiesRiatte i Woox |
response udjoiiing meduley ds allbw dnyeithasol £cyliidetigritibh of #Rais i thdre t aper ed
pin portion. A notch aﬁ t base of the recept clﬁ I n the crankshaft
reduces sT{RELIVESRRIACISS: | rﬁﬁ??t%cﬁ%ﬁoq"é@’?ﬁﬂﬂﬁﬁm i WERRPSERR cr ankshaft

recept acl ﬁydﬁun@gﬁséiﬁekn&\/&efbuhﬁdb@hﬁ bregipaleEMEhSioh WHRHGOCH pRsRirPid S renoved.
The ﬁposed crankshaft receptacles are flanged to allow themto be pulled

t ogetHer BFAPVednhHuSRating andpterieenee ik The modules pre Bien flanged ioepther after the

flanges ah@ﬂ@ rQQrI%i@nttﬁg fBNEY Boltsl ThodeSkSldEinithe b VAW SPpreetaldtHeED
DESCRI PTI ON HE W NGS 100071 These and ot her features, aspects, and

advant age¥2dPus3iBeqst eSbaPresepbimvERipnfrpm arsvisNeobidecgempliaer st ood when the
f ol | owi Ng eRBb@imes HREHE AP RBS it hFiGr BEIbY, F@%n%e gfoga thel di&inRCCONPanNyi ng

drawi ngs in which |1 ke characters represent |1ke pa
[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 hydraunlic 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 conceniration 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 after 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:



30t hr oughout the draw ngs, wherein: [0008] Figure 1 is a section view of
two nodul es joined by the attachnent of the present invention, in

accor dand¥0owrpa7ie98236 enbodi nent t hereof; [0009] Figure 2 PETHSHYWIAMSEL vi ew
of the exenplary pin that is used in connecting the nodul es; 5[0010] Figure
3 is an end view of the pin of Figure 2; [0011] Figure 4 is a view of the
pin part way into opposing receptacles on the crankshaft nodul es; [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

t he nodul es are connected to each other. DETAI LED DESCRI PTI ON [ 0014] The
exenpl arylmhmurerlamgmmuww&ﬂamd@éﬁ@ﬂomwm@@tﬁc&mw offlial es 12 and

14. The Cgfé@&&tlh\%?mgﬁ gﬁmﬁﬁﬂ%fﬁﬁ’%‘ﬁ{g&t%g receptacles 16 and 18

15t hat elve oppose e exenplary nodul es have fl anges

connoct ?Z‘L‘?""?Lé‘?%‘?na‘iﬁgﬁé“mﬂ& B S ShplaPe® tnhdde SR alotiie ey oy

r egar di ngmodslesi n 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
20t r ahsvelMd0p Fipngd i8en endiview plitbe pgeoBigine Keal ed at 32, and transverse
passage 30 is sealed at opposed ends 34 and 36. There are two oil outl et
passages BW1dhFigoe ting view of the pin part way into opposing receptacles on the

crankshaft modules;

[0012] Figure $ 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 togsther 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 beiter

understood by reference to Figure 2.

[0015] 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 conternplated. This reduced diameter profile at ends 44

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



as illustrated, are parallel to each other. However, it is worth noting
that these passages nmay intersect and nay be disposed in the sane plane or

i n i nter 3ARTYIFMEnes. Passages 38 and 40 can have onePCHURNEMEEI et s on
the outer surface 42 of 25the pin 20. Ends 44 and 46, as illustrated,
present a reduced di nmensi on when conpared 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 form ng a truncated segnent of a cone, but other
shapes are contenplated. This reduced dianeter profile at ends 44 and 46
facilitates interference free insertion into receptacles 16 and 18,

al t hough somersterfstance ensoale 56 ang 53 jat oBPenthandssealst Sdand 6at thhetheeend 54 and

56 at th | : o act af l'ing

or easur o ® forjee R g, 6P RlbE 0L A s Bitng dedeiE ipGR o By sREal8D 1U0
46. | n t hadszanptha reduesdd dihensiun pdrtien dfpdis teb exenhplarg Wnbsdirhentstiee, but the
I nvention contenpl ates different, end Streatnents. in onplishing the
reduced FPRBFRY .V‘Wt‘ﬁg}eéﬁﬁ'redg‘ftéﬁ? ngﬁé?%c%ﬁfwgﬁeséﬁgrpﬁge dZcept acl es 16
and %8 caralfedh M Adbiplishmpake redavl/ditnentidn. 'With rigrdito the nidiapoitit; shapes
of the main portion 48 and_ the recept_]ggl eF‘ 16 3_3& 18 bﬁ conpat) ble so that
they ul ti4fnihergogtaento and 1962t petanBEynePeg: JUPHCYRE He Pt POM ¥,

Accor di nqm,megﬂﬁ%gﬁg]mp il RrESPHS 238 el rOfpackR MM IDBH LRI p A AT €

10contenpl ated. [ ures 4 and 5 illustrate the assenbly technique in
nor e det dhat they gltineatalysiradnde|apinterfgranse & araynd maie preigf4S ent i al recesses

o8 and O0aL2inBRY Gultr bRBARAL fIs038arrl Lifiles BURAR b@kPRSES 58 and 60
serve to reduce”sfress cohcentrations at boftons 62 and 64 of receptacles
18 aifd 1eomemeplatedi r di nension is enlarged so that 15the receptacles will
elastically return to their original dinensions around pin 20 when oil
pressur e [081¢)cHRigurss 4 amit dhngtrate the assembly tephuiguoiminary detibrFige 4 ed oi |
pressure. . ' ' Al I(ete gl ion to
al | ow thearln %ﬁlrg%f F%{%l%&gﬁn@%gggﬁég%g%% and@tlt{g.?ﬂAt sorreﬂgggl?nt of

i nsert i orgrossesdctioB0Thest r60essésoT8 axkbibsarye naicduesositess congentnatiansaydt acl e 18,

Fot at ed RS §4REHbRp ks |85 fa SR P ol Sl iat] ' ©

Bol t 55 ancthewéceptagtes hellcdatically reuraltd diohnorigiaal dimgusienbarehndpins2hivbes0 and

52 contact.yng receptacle.18 as.oil, IS .ed.under pressur.e through
passage. i PR Y ieflinyBe. TrBad g eletfoalP ety i BRERH ST iR on o

t he recepAgashewd th Bigured,lends 44 land 46 tapé fadueed Ginidnsiongb aflodthga td0. As a
result, the,main{)g]retion4 does 25 not dra .m ni mal | tacts the

.or onl y
Sur r oundi Wadi st thereceptaciss & nd R SAbSPTE BoIBL O LS PRy SRS 0GRS e wi t h
the oi lj pfogsﬁa&]g@lteﬂﬁﬁkg e&gtsa Wigg%ﬁﬁ@;ﬁ&@ﬁ%il_&?h&ﬁm@%@uls Bﬁdurfﬁti ﬂlhs at ed
oppose enas o e LN . | re | rat es e e
OPPORE o gher gnsh ofdan 20 22 ngt 6% 2 1piated o o o B8 iRkt edianess 24t 4, o
appl i ed ufbidr tfihdr! BMIRINTRLE Jafl DEARBA b 8n ARGAREAS | FgurkG @idks 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

25 not drag or only minimally contacts the surrounding receptacie 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 torqued to specification, the cil pressure is relieved and the presence of



3018 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

rel i eved veQdKi7N88236 esence of recesses 58 and 60 facil i PET/AIS20&0@ES3St | C
return to the original dinension for receptacles 16 and 18. The end result
Is that an interference fit is created in the zone 70 that generally
corresponds to main portion 48. The nodules 12 and 14 are now fully
assenbl ed. The oil line (not shown) is disconnected and capped. Those
skilled 5in the art will appreciate that the oil inlet connection is placed
adjacent a gap in the flanges 22 and 24 to allow oil access while the ‘
fl anges acessped 3&ahd G@]&cﬁiétate thel diastioreirnyto theherigioaltbmension f@scri bed above

b ' i | wh
parting CHEIRLEAE) T4 the 018 LHIEETR A I Ao i R e iR P UE ot
apgr Ieci atm ﬂfﬁ%ﬁl#eﬁﬁlypdicﬁﬁﬁpbndsﬂ?eﬁﬁm portjnhoil, dhs neodifles i 2oumel matembpmi ni ng
modul ar nkshaf.t s, for i.nes or SSOrs ower
cqui prent tityieseraed TReOiE Y oS S PaAr diarrdti o eee Hos Sapef e
provisle cinthé BdwAL apbiciui® tHat atchil Blg uam@bo&gﬁllmﬁltacé@éc?s¢eﬁearg i fhen,
wi thout the need for .splines, for instance., The use the oil pressure to

el asti cal ﬂ@ggg?.g,aﬁglgﬁéo,agegmxhgchgs winijethe teegenyepulled ipstheEpeci al i zed

tool s andaafabhang thdEortrelBorn aéﬂéhBS&laWlean%%&&HBhé/b%?él)%rdi%ﬁﬁ%ﬁ&e%& t he
base of the receptacles 16 and 18 mitigate agai nst the occurrence of

undesi rab@@%ﬂPéﬁ?gélldﬁﬁﬁ%Wh%PﬁﬁHgﬂﬁﬂm}ﬁeé 2@ed24- i nterference fit of the
pin 20 in receg_t acles 16 and 18. Two or nore nodul ar sections that are

al i ke or mmwk hesaskilded i the artiwillappescininihat theprassabinysateiepronides aqui r ed
nunb =TalN d.
Pr eC| Si on [ ﬁgt r u?{ﬂg&-{ S Z%a@gdlﬂ%tsérr equ?gggn%gn&ggggei%n pre E%ﬁ%)&gargi mat i ng

faces 72 other Wearr@lummmtsmmtenbmnm@mhystaﬁaslduaientetﬂq@pcaﬁétcbbm ht

i h 20 1 PSRtk puRheh oS AR R i ba o RiERTRE R 11
connect i oforsplisss, foyaostamst. I’Emhusegftl‘me:ulpxieeéurhtmelasticaugfdefommgeor defl ecting
et L MRS Es bOSG Sesk o b1 1B IR A RUTRANEALA hopliliellio a5

25wel | as unitary onents can Now b
handl® a for assembly. The recesses at the base of the receptacles 16 and 18 mitigate against

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. Precision 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 2 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 itis 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



variety of applications with different nunber of throws so as to reduce
inventory costs and to speed up repairs regardl ess of the crankshaft

confi gur W0eM7W8822g t he techni que of nodul arity descri b8GTAISAHE/004553

[0019] Wil e the invention has been described with a certain degree of
particularity, 30it is manifest 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 disclosure. 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

t he ful | disalogereolt inyuderstbod that tlee inwentionda oht initad to thelexemplified enti tl ed.

5[ 00201 i e LRt LGN 4. S.:.i ' f r

embodi me G BoBmeEc BRHELABRCENE LV il bR o o SRR, 1 te art
wi t hout diajas,tinelgdihgdine fillleranpe efiequinalehoste veltclp eachselemebithebebfism ned from
the liter atl.t%ﬂd equi val ent scope of the clains below CLAIMS 1. A nodul ar
cr ankshaft" connection, conprising: 5a first nodul ar conponent having a
first en nection; .a second nodul.ar c opent havi ng, a,.second end

connBct | g‘?{&% Agamﬂ@%?lﬁw& SWWM?@W&a‘Q‘gﬁgﬁe’fﬁnmﬂ@me’&%dé?’ﬁ’éﬁsz aJE’gcepti ng a
conne;:t omaazy,»irhd(sjumbaﬂvrss:!iﬁ}imnla' @e B titbse ekilied ﬁ:oﬂiealxtwitllmutv\%e\pﬁﬂ_ﬁgifﬁ;]mt | east
one of sagid, end, connections, conprjses. a receptagle, erein the

r ecept acF¥ PR VERRESGORD ISR b@ﬂ&?{ﬁrl&ﬂdlfporam%l&s@a aaa&qglaﬁwn&%’ﬁect or
conpri segfehdtlmimstetiw abl e therein; and wherein said receptacle
conprises a bottomand is forned with a recess nounted externally thereto .
and in general proximty to said bottom in use the recess serving to
reduce stress concentrations at the bottom of the




15receptacle, thereby allowng the receptacle to elastically returnto its
original dinensions. 2. The connection of claim1, wherein said pin
elastically enlarges said receptacle. 20 3. The connection of claim 2,
conprising at |east one passage through said pin having at |east one exit
positioned to apply pressure to said receptacle to enlarge its di nension.
25 4. The connection of claim3, conprising at | east one seal adjacent said
exit to direct pressure developed in said passage agai nst- the receptacle to
enlarge its dinmension. 5.The connection of claim4, wherein said at |east
one seal conprises a 30 pair of se@lAIMS%at 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 saj N ul Ly i ed Lnig.said receptacl es, when

al i gned, Jppn A g Lﬂa‘f‘ifarﬂ{&z@hﬁé‘lo'r?g"ag‘g‘{?ﬁ' g%%‘@bﬁ%? by said bolt or stud. 7.
ghe COBneCtlongﬁf‘stMGﬂdﬁr&on}?weﬂt Issniiirely aﬁrséfpnqlcbeeecllloa: expandedhas they are
rawn over sai in.. 10 8 The connection of claim.7 Lln the pin
conpri ses oppo?égc?%ﬁ‘egﬂlaﬂFﬂ'ﬁﬂg'i‘%ﬁ%gﬁ'&g?e%ﬂ?sewggopﬁgﬁﬁﬁt ate initial -

i nsertion int 0s4ARAIBNAEERINEAIhES brought fhaetherateeplingna obnmdckorm 8, wherein
the pin conprises conduits haV|nq exits at said reduced di nmension segnents

to facili tatheubpreshinking said SANRRGIY, . ,

wherein at least one of said end connections comprises a receptacle,
10  wherein the receptacle 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 eiternally thereto and in general proximity fo said bottom, in
use the recess serving to reduce stress concentrations at the bottom of the
15  receptacle, thereby allowing the receptacle to elastically return to its original

dimensions.

2. The connection of claim 1, wherein said pin elastically eniarges said ..
receptacle. '
20 |
3. The connection of claim 2, bomprising at least one passage through
said pin having at least one exit positioned fo 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 its 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, '



15 to the receptacles to expand themto the point of allowing a |arger main
porti-on of the pin to pass into said receptacles without interference.

10. The connection of claim9, further conprising seals straddling exits of
. 11. said conduits in said reduced di nension segnents to allow pressuri zi ng
and 20 flexing of said receptacles as they are advanced over the pin. 12.
The connection of claim 101 wherein said |arger main portion of said pin
conforms to the shape of a surrounding receptacle but having a | arger

di nension than said receptacle before said recelﬁ)h le is elastically

enl arged 26 sudietapanectionrriaapienediio YaiEs Whetel RP CGEYYRdui ts an
interfere ke 4 Rtk iR rikeROTdnge kdjdtehbarflenteairiettac] es; sai d
first and“@@%ﬁﬂs&%ﬁg&@%ﬁ%&g@ﬁgﬁs fedgt?ﬂuri n agr ecjess mount ed exterior to
each recepéah respective cedeptadecennssiabiony aHeastong bolar stydange when pressure

Is applied jn ' ' . . idReld r ogONnecti on,
conpri si ng\{vh%reﬁﬁ;rg§§|§§%15E§WCI§%%%€;C1€%P ?:aéw ngbgarc%e?'rgﬁ gﬁﬁ?iegﬁggclfi on; a
second grodsdiafacgasbmimndranantogethar besaiddoliodstdnnect i on; 5sai d end
connections, when brought together, accepting a connector, wthout
preshrinking said connector. 13. The connection of claim 12, conprising:
fornmi ng an7j nt eTHeasomneetidn ¢f diaitn@ evhesesdidooceptacies argraxpandedast one of said

end 10 con{;]eegtg,gﬂfaxvn over said pin.

4
Vg
&

10 8. The connection of claim 7, wherein the pin comprises opposed reduced
dimension end segments to facilitate initial insertion into opposed receptacles.

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 receptacies 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 straddtling 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.

11. Tﬁe 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 feceptacle is elastically enlarged

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

30



14. The connection of claim 13/ wherein: at |east one of said end
connections conprises a receptacle; and said connector conprises a pin
i nsertabl e therein. 15 16. The connection of claim (4, conprising: said
receptacle is configured to be elastically enlarged. 16. The connection of
claim6, conprising: 20said receptacle conprises a bottomand is forned
wth a recess nounted externally thereto and in general proximty to said
bott om The connection of claimd4lwherein: said pin elastically
enl arges said receptacle. 25 | aThe connection of claimfl, conprising:
at | east one passage through said pin having at | east one exit positioned
to apply pressure to said receptacle to enlarge its dinmension. 30l qg.The
connection of claim A conprising: at | east one seal adjacent said
exit to directh-pressnodulaeuahisheft end conhettipasaagsrisiggri Nnst the receptacle to
enlarge its dal, BEst Snoditar component having a first end connection;

a second modular component having a second end connection;
5 said end connections, when brought together, accepting a connector, without

preshrinking said connector.

(3. The connection of ¢laimi2, comprising:
forming an interference fit between said connector and at least one of said end

10  connections.

i4. The connection of claim |3, wherein:
at least one of said end connections comprises a receptacle; and
said connector comprises a pin insertable therein.
15
18. The connection of claim 4, comprising:

said receptacle is configured to be elastically enlarged.

6. The connection of claim I8, comprising:
20 said receptacle comprises a bottom and is formed with a recess mounted

externally thereto and in general proximity to said bottom.

(7. The connection of claim ¥, wherein:
said pin elastically enlarges said receptacle.
25
I8  The connection of claim {1 comprising:
at least one passage through said pin having at least one exit positioned to

apply pressure to said receptacle to enlarge its dimension.

30 19 The connection of claim '8 comprising:



20. The connection of claim 19 wherein: 5said at | east one seal conprises a
pair of seals that are on opposed sides of said exit. 21. The connection of
claim 14, conprising: a reduced di nension on at |east one end
of said pinto facilitate its insertion 10 into a correspondi ng receptacle.
22. The connection of claim 21, wherein: said reduced dinmension portion
conprises a taper. 1523 The connection of claim 211 conprising: at

| east one passage through said pin having at | east one exit positioned to
apply pressure to said receptacle to enlarge its dinension said exit

| ocated at saj duced,di.iren S r n 4. T ectl | ai m 23,
conpri si ng: qeas‘?oﬁ? s?aégg;(ac esgislaeegc t%aﬁr Cte%r%gsélfi? ?P[e éﬁaalgr?aga reduced
di nensi cizapst theawcémacle tceaﬂamé!sshmmsievel oped in said passage agai nst the
receptacle to enlarge its dinmension. 2525., The connection of claim 24,
conpri si ng: said at | east one seal conprises a pair of seals that

are on opposegh si d%c@ﬁnﬁ&hdn%{blanﬂmmrﬁﬁl d reduced di nensi on portion
that further caonprises a taper. 26. The onne tion of claim.214 conprisi ng
30bofh end coffieat 1%“@&%‘&0&%3%3 pei ak Akg G ARPRETd %B?Fp?qo%af

flange agjjacent an entrance to each respectlve receptacl e connect abl e by at
| east one bolt or stud; :

2|.  The connection of claim 4, comprising:
a reduced dimension on at least one end of said pin to facilitate its insertion

10  into a corresponding receptacle.

22. The connection of claim 2!, wherein:

said reduced dimension portion comprises a taper.

15 23  The connection of claim 21, 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.

20 24.The connection of claim 23, 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.

25 25. The connection of claim 24, 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.

2. The connection of claim 4, comprising:
30 both end connections comprising a receptacle and further comprising a flange
adjacent an entrance to each respective receptacie connectable by at least one bolt or
stud;

{0



whereupon said pinis fully inserted into said receptacles, when aligned,
upon said flanges being drawn together by said bolt or stud. 27. The
connection of claim 26, conprising: 5said receptacles are expanded as they
are drawn over said pin. 29 The connection of claim 27, conprising:

sai d pin conprises opposed reduced di nensi on end segnents to facilitate
initial insertion into opposed receptacles. 10 2'3 The connection of claim
28, conpri sing: said pin conprises conduits having exits at said
reduced di mensi on segnents to facilitate pressure transm ssion to the
receptacles tg,expand t.hemto.the int of gallowing a larger main portion
of the pin to“ps p?%??ﬁ?é‘i‘lf@h&é?ﬁggﬁ‘?ggo HBeAP ATy VhrR akanfde e, The
connect i suid fbngdsdeing@awaAopéthed BiBsaid bolt or stud. seal s straddling exits
of said conduits in said reduced dinmension segnents to allow pressurizing
and flexing said receptacles as they are advanced over 20 said pin. 3f. The

connection of 7g] AidRondeeticiPOI1hiRd DE comprising; Sal d | arger main portion of
said pin conformng to the shape of a surroundi ng receptacle but having a

| ar gé& di nensfdf reqeptaclesiage pxpandedie ey arotrewsaiver sddppracl e is 25

el astically enlarged such that upon renoval of pressure through said
conduits an interference fit is forned on said main portion in said
recept acl es; 28 The cansiectidn ofelainnzl7 , ceopmisingad connections feature a recess

o 8 BRI A B SRR Ml e ol o5t
initial insertion into opposed receptacles.
10
29. The connection of claim 28, comprising:
said pin comprises conduits having exits at said reduced dimension segments
to facilitate pressure transmission to the receptacles to expand them to the point of

allowing a larger main portion of the pin to pass into said receptacles without

15 interference.

30. The connection of claim 29, comprising:
seals straddling exits of said conduits in said reduced dimension

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

3(. The connection of claim 30, 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
25  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.
30"
22.A modular crankshaft end connection, comprising:
a first crankshaft having a receptacle at one end;

t



30 ' 32. A nodul ar crankshaft end connection, conprising: a fast crankshaft
havi ng a receptacle at one end; a coupling nenber having a channe
extendi ng therethrough and having first and second portions, wherein the
cross-sectional dianeter of the first portion is larger than the parallel
cross-sectional dianeter of the second portion, and the coupling nenber
includes a outlet port in fluid conmunication with the channel and | ocated
5 between first and second portions; and a sealing assenbly
configured to circunscribe the coupling nmenber between the outlet port and
the first portion,. and c ured t o _seal i engage W th e .receptacle
when the coupt F?ﬁ’hﬁ'g%‘a?g?rshai%% chagnel gxte %I%bg &‘gisglﬂff’%k‘ @n& Qﬁ‘ggg %ﬁm)d ul ar
ﬁ ranksh aa‘nu semhmmﬁeﬁ, wéhereif Wrb&é-ﬁ@hoﬁﬁl&ﬁém&@ﬂcrﬁ&@ Tk o rﬁ&’ﬁ%"l&fgﬁﬁ ) eagI h o
avi ng ept at one, en t | eas artially received by
the rec aﬁ?ﬁq?a%*ﬁﬁl%?ﬁwef&ﬁéhwa POrLiRps ?'I'Hf CPPRIFE hr ough,

wher ei n rha«abemamabs 4 Buflét gortindnia EBMRhAAdatOR vmﬁmetchsnﬁe@a&dpi&ﬁ{eas of the
first and second crankshaft; 15a plurality of sealing nenbers disposed

abouP t Hetyeen firavdsaopad pedians; &kl i ngl y engage with the receptacl es.
a sealing assembly configured fo circumscribe the coupling member between

the outlet port and the first portion, and configured to sealing engage with the

receptacle when the coupling member is inserted into the receptacle.

10 33. A modular crankshaft end connection, comprising:

first and second crankshafis, each having a receptacle at one end;

a pin at least partially received by the receptacles and having at least one
channe) extending therethrough, wherein the channel is in fluid communication with
the receptacles of the first and second crankshaft;

15 a plurality of sealing members disposed about the pin and configured to
sealingly engage with the receptacles. |
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