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Patent No. 5,762,977 to Boskovic.

[0004] The fit between the male and female portions of the members
determines the magnitude of misalignment between the mold halves. In prior art
positioning devices, the male portion includes a first pair of bearing surfaces and the
female portion includes a second pair of bearing surfaces. The bearing surfaces of the
male portion slide against the bearing surfaces of the female portion to provide a better fit
when aligning and guiding the mold halves together. As a result, these bearing surfaces

are susceptible to wear. Consequently, as demand for higher productivity increases, the
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the female portion presents a second bearing surface. A bearing mechanism reduces
friction along the bearing surfaces of the members when mating the members together
along the alignment axis. As the members mate, the bearing mechanism moves between
first and second positions relative to at least one of the members. A resilient member
resiliently supports the bearing mechanism between the first and second positions.

[0007] The positioning device of the present invention provides several

advantages over the prior art. In particular, by allowing the bearing mechanism to move
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wall;

[0015] Figure 7 is a top view of the cage with the reinforcement wall;

[0016] Figure 8 is a partially cut-away elevational view of the positioning
device with the bearing mechanism in a first position;

[0017] Figure 9 is a partially cut-away elevational view of the positioning
device with the bearing mechanism between the first and second positions as a first
member of the positioning device mates with a second member of the positioning device;

[0018] Figure 10 is a partially cut-away elevational view of the
positioning device with the bearing mechanism in the second position;

[0019] Figure 11 is an elevational view of an alternative embodiment of

the positioning device;
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i ke nuneral s ipndicate like or corresponding parts
m‘?‘%‘??‘@iﬁf@ﬁg'irg’tjd‘?a@g‘é Sfcapdaifle locksposi ti oni ng devi ce for

aligning and guiding first 10 and second 12 nol d

hal ves together is generally shown at 14. The nold

hal ves 10, I2ETAIIED BESCRIRTTION ORjT8tE INVENDIQNNg

pr o<‘[8(§z$ﬁs, nEtI?elfer%%g qgitlpegFqul%%,e\% eer%fn 1?12«3 numerals indicate like or
corresponding parts throughout the several views, a positioning device for aligning and
guiding first 10 and second 12 mold halves together is generally shown at 14. The mold
halves 10,12 could be used in injection molding processes, metal stamping processes, or
any other forming process in which alignment between two portions is required for
operation.

[0028] The positioning device 14 of the present invention can be
embodied in several types of well-known locking systems. For purposes of illustration,
the positioning device 14 shall be shown as side locks 14, top locks 114, rectangular locks
214, guide locks 314, and x-type side locks 414. These types of locking systems are well
known to those skilled in the art for aligning first 10 and second 12 mold halves together.
However, as a starting point, those features of the positioning device 14 that are common

to each locking system shall first be described.



any other form ng process in which alignnment between

two portions is required for operation. [0028] The
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nment axi s
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par al | to the first pair of colums
plaplpryet natt(mjbdayngs 38 rotatably supported between the second pair of columns 36.
Each of the needle bearings includes pins 39 on opposing ends thereof. The pins 39
engage recesses 44 defined in the first 34 and second 36 pairs of columns. The recesses 44
do not extend entirely through the columns 34,36. To do so would substantially weaken
the cage 30. Instead, the recesses 44 act as pockets for rotatably supporting the pins 39.
The first and second pluralities of needle bearings 38 are equidistant from the alignment
axis A, as shown in FIGS. 4 and 5.
[0032] To manufacture the cage 30, first 40 and second 42 halves of the

cage 30 are brought together and welded. See FIGS. 3 and 4. This sandwiches the needle



those skilled in the art, the cage 30 may be forned
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engages a threaded bore (not shown) in the retaining pin 48 through the chamfered bore
46.

[0036] A resilient member 54 resiliently supports the bearing mechanism
28 between the first and second positions. The resilient member 54 is preferably a spring
54 surrounding the retaining pin 48 and having first and second ends. The spring 54 may
be made from steel or a polymer such as urethane. The resilient member 54 could also
comprise a positive locating device operating by friction.

[0037] Referring to FIGS. 2 and 8, the cage 30 is preferably coupled to the
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steel or a polyner such as urethane.
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retaining pin 48 slides downwardly w1th1n the first bore 58.

[0039] The male portion 18 of the first member 16 slides into the cage 30
along the alignment axis A and between the first and second pluralities of needle bearings
38 when the first 16 and second 20 members mate together. This is represented by arrows
on the male portion 18 in FIGS. 9 and 10. As the members 16,20 mate and sandwich the
cage 30 therebetween, the needle bearings 38 roll along the bearing surfaces 24,26 of the
male 18 and female 22 portions. This action minimizes wear along the bearing surfaces

24,26. At the same time, the needle bearings 38 snugly fit between the bearing surfaces



the retaining pin 48 to the bottomwall 32 of the cage
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T QR e SETERHE PP, 9, R g0%0 bt FRaragy 8P Hodiied o
the hrate gongonCERYdn Btls MBianem v firsd ehbdr Yl 6 rdefiddsi thefitsobsrb &8 and the
second er 20 prior to ma g,.contact with the nmale
rPPF’(S’Hr@g’? the qtaijipgPini484 &ff{@b@ prein cfgr@temsaber 16
alélﬁ&eﬁ'hﬁﬁﬁﬂe RinRd1R LRARBEY 60 %cﬁ&xb‘fﬁstteﬁd P theSHLiRRS4 Iyﬁﬁ?&%d in the

0 until engaged by the male portion 18. In eit
anmnlst craober Ghahout the retaigmg3in 4$rollessetomsimandiod thia spsing 54 abuts the

ooy b e SBR B Rl 45 RIS Bdipemyer 16

definbsth® sdcofd bore B2 aBRESt aBthe RQB81e SBN Q"h@%la&)nﬁ%ﬁd 6hak& second
of the first nmenmber 16 slides into the ca al ong

dlmheteragﬁegtnnm thmflsstAdl@ndelbei theefirst heref38 s%herhdacs @@ona 52 is
sll %bgy ésrcgsuég) ?POn bore g%as%eﬁ CIQHPICS € re[a-f’x%mg’l Sm 48 to

oge

thé BpEs aatled dﬁYhe’icfafge\BB wnbntthec@l 1pobdi 1ezntohae|nm1 (ﬁﬁon 18,
9 and 10. As the nenbers 16,20 mate and sandw ch

the sege 390's imertedh e HgRten therqhamizs ofi the dhamfaredBorgghorig |r¢versed in the

bo?t'of?ﬂgalf bearing surfaces 24,26 of the nale 18 and
ena portions. This action mninizes wear along
t he [be4l]i ng sunftlmq&sfcrredelﬂﬁodlmbnttﬂhmrstadm F](}ml 2.lead 8-10, the

_needl e bear| 38 snugly. fi we ear i )
flrsh]rﬁfd adesecand Bomarbess Uﬁher/cfséz%s/ fgfﬁviﬁ;'snf second 24 s locks.
t t
RAERELARIARY PO 108 6 SAOBH 99 U5Rb e A Ry having o
mdio bod@y pittiem64 hethriisd whakeglovtion 18reatengding dubrefiane fq fomlel generally T

nenbers 16,20 are. separa the cage 30_jisS re
st The AR tPiy SERiSHeRt (BN 04GRy 56 pelrEn ERAR to the
ah%ﬂmeﬁtrhﬁlsczﬁ@(?reggvgﬁéteﬂcﬂs F8ITet my@lthgiee ARUHAHE ek o tHeMst mold
| e portion 18. In this instance, the first nmenber 16

hazbfeﬂl rEs schend $ld€st00bé’0e005®ﬂaﬁ$oﬂ mm@ry bastyyhayingt a eenesdlyds shape
Ihc? £ Tl ah)z g{ger ores Spesrbén 1cu1a¥ to tﬁg %ﬁgrqner{%e:{x% X to I?gcewc

fasteners 68 for mounting the second side lock 20 to the second mold half 12.

[0042] A first alternative embodiment 114 is illustrated in FIG. 12. Here,
the first 16 and second 20 members are further defined as first 116 and second 120 top
locks. The first top lock 116 comprises a unitary body having a main body portion 164
with the male portion 18 extending therefrom to form a generally T shape. The main body
portion 164 defines two counterbores (not shown) parallel to the alignment axis A to

receive fasteners 168 for mounting the first top lock 116 to the first mold half 10. The



al so defines the annul ar chanber 60 and the first end

of the spring 54 is disposed in the annular chanber
wo0o4izo1d t he retaining pin 48. The second en@cafuseons/027073

spring 54 abuts the bottomwall 32 of the cage 30

about the retaining pin 48. In addition, the first

seventyesp bok 12 torsissel BanRAGHHy mﬁﬁiﬁ% @2geREaAf #NEhap® ahf Qefining
first bore 58. e second bore 62 has a second
YR ernBteshorey @ak shpwnhparalleh o the pkignnating mos dr tookcei veefagteness 168 for

' 'S | i l'y disposed in

n@ﬁgﬁggﬁ%ﬁ%gﬁggg%%§QQQh%GE§§%g%gFm§§ﬂ€g€ples t he
ret a[06HBp pi n ASsetond hltendae tepiBodhdnt 23495 il@RAYE FIG. 13.
he cage is coupled to the mal e portion

0. en t

H%?: th\é\?ﬁg 16254 segend 3&%@{%@ fygehee definefl @s firsi 2@ andhgecond 220

AR e ] ' . o) Ll .
e oMt | A" RL i P U LML 286 cLBRhlS, 4 BB Mol ingvine =
gme@dy T shape andidleBnin two lveuntérbost (Adi showinspanind t@he alignment

neggers are Iurt2$$ defined as first 16 and second 20
arl§ A0 [EEWE Tastepers P8 for maupling the fizgt retangulay kack 316 torhe first mold
hdlf 166t Tisd @8odd¥ektaddl ) {831 & iy PR HABME

mai n body _%orti g%g@lﬁq%zhmtq%g@ﬁa%eélggrti on fg%\ﬁ%%ggeﬂerauy v
shape apdiidafning éwe fooumtetbores dnoh shogah amlltlytoTthe shigmeentThas A to

i i on.64 defi.nes, two counterbore
rell Canilfior B Ry R il st o il ik 2o the second
mblattafiers 68 for nounting the first side |lock to the

first mpld half 10. The second side |ock 20 conprises
a un®04tly bodyA Hitd aligmativeerabasiment 314 krifestragaddn FIG. 14. Here,

i ni . . ' to th
e i RieBibel 162 SURE BRRUES 0 B PILPIRE Hos80 b ecipimermter 20
is furthes defored as b geir bbbéttond gliide bloekss3VPaceaTtdin BA finobier to define
%?04 ./\éiés% al ternative enbodinent 114 is N ‘
th R4 therepiwear In s gmbodiments the springsS4i gositensddn the
se%glgrfﬁd?l‘@q{aff 26 r&‘t‘lﬁég’ﬂ? TSFQ{%H He g?%ii(f &f&%‘f m%i&wlgg a)%d[gfg’ %81 0 10ck

) top locks. T top o I'se
31@rvithethg piioofbotrami guidesbloakis 3200Bychpd tiid Kocks 346,320 Héridehepair of

R R R p—
mduMeing BBIBERT16320 1O theSHRMMY 2 %&Fh@ h2 Woid ?Pxﬁlv@-{. O TBlkse, as

axis Ato recelve fasteners or nounting
with glketheregmbodisments] thetcaga Hecduld by suppbitedital the hiile Jdreom\S of the

PCT/US2003/.02707 S d.top lock 120
e cg‘gnéérl%géﬁ} ﬁsﬁs‘l-gf“gpw 54y ﬁ’ék‘??‘??&glg Ogmrlalr ly U shape
and [66sf5] ni NG Al YurtOMRrRIHRE e@fboliitfint AW )inRdaRld & FiP 15.
the alignment axis A to receive fasteners 168 for
Here, a third member 400 is added and the first 16, second 20, and third 400 members are
further defined as first 416, second 420, and third 400 x-type side locks. The third member
400 defines a female portion 22 and the first side lock 416 includes a second male portion
18 for mating with the female portion 22 of the third member 400. A second bearing
mechanism 28, identical to the first 28, is interposed between the first 416 and third 400
side locks. A second resilient member 54 resiliently supports the second bearing

mechanism 28 between first and second positions.



nmounting the second top | ock 120 to the second nold
hal f 12. [0043] A second alternative enbodi nent 214 is
wa dobuedi@ated in FIG 13. Here, the first 16 aud/sesnd7073

20 nmenbers are further defimed as first 216 and second
220 rectangular |ocks. The first rectangul ar | ock 216
CONpfoodEr 2 UNint LY erRBSHmBRY Ha%:2: o T sk :
and %Ief?]f}i ng tvr\lo coanterIBor’etsH%?fﬁ%% Slgﬁg%l?h%ag%qﬁ%%?t%oumtary

badydagiing grmam bodyeparsonMadovittethe fivee afibst embrnale 68ioho18 extending
mounti ng.the first rectangul ar_|ock 216 to the first

th%ﬁ M {0~ farm1 ) SeRGTALYs HOE HTPE:c t Hifgtaeiay bqdyportion 464 defines two

cHUARRIOr&E@oPsHONNY BEPerRRAYar N8 e MighmIMNEELA | 1Y réée'v%f}?sqgners 468
and defining two counterbores (not shown parafle to

for mouatingythedhst sidei lockMdl6oto the fiest wold half d0eMhe serond BBWNY third

(o] ti t he. second rectangul ar | ock Oto .
00T el SRRy B3 PR ey Foter g dfining owo
corfieedirg¥afbt shbdn) Perpbddittlrab @@ dlignibse axifA th@6Bive thdidhers 468

first nmenber 16 1s further defined as a top guide

fopmesptingthe s¢rgnd pide dask JRA torhgiseqond gnold Balf I2 pndmodrdrigibel third

. i . i | from one,.
@00 o Ayl HA LR PAVZE Ol AStiBe i S84 0 MU R den anc
guide thiifisst d0faod sevend 12 okl Isqdvds n@eliter nsd Mo Firétida6add tHird 400 side

support the cage 30

ecand Id half, 12 to resilientl

logﬁ?é‘ﬁgﬁﬁ‘? %d"’t ‘%% ﬁf%io g adgPBmeld halyesigaetherne pair of

bot trgpa-gui de bf!nOL‘EESalé%qtivf%ﬁﬁ}o&i%.ehﬁeﬂlﬁét&? P Fia82 015, the

define a pair of counterbores (not shown) parallel t0
beaitieg mbdhgnisen 28 dx g scafies ), raaieing @irfsa8] anidaserRGH ) and springs 54
ard S g e SnsET nd Bosgapipe ihesRERed embodiment o
FIesbodi png-g9. t he cage 30 coul d be supported by the

mal e &orti on 18 of the top guide block 316, as shown

i n t[Ae48li r st SAlsendtive beartrgomedha@isms 5284,62816hre Allastmatetlhin two

B ISR 5 e R et i
5288,5281lard Ghov ¢h 1ilRi 516 HAQecsBRAB20 SideNstks.l M thBembd@ihicneshda of

as first 416, second 420, and third 400 x-type side
FlGo tgeshe spgand $idg lock2hdafines mnoreﬂcuhesecessc%mé dn lasy ¢rnlpngliment

{ j.r ' | el udes. econd
s138 @t 15 Wt S0 Rkofts, ! PRI BREBSRSTHE
betuivgy triechizthisresnE28a, 528D . copsiee anplubiay bf golleMEeanigsS 88 Sotatably
identical to the first 28, is interposed between the

supparietl within Bigsempeirerlargacessss 6] dsadlusymtadeindd@S. 16 and 17, the

roll@ Deadrze 58 SfataBfy s’hﬁ%d dGR e FHPRQNI & TeddRs ggg 8Pfle second
bearin mechani sm™28" between first and secon

sidedeikt $2nsAlternatively, in FIG. 18, the roller bearings 588 are rotatably supported

within the semi-circular recesses 586 in the first side lock 516. Each of the roller bearings

588 define a bore (not shown) therethrough for receiving a support pin 590. Each support

pin 590 provides for rotation of the roller bearings 588 about an axis. In the embodiment

of FIGS. 16 and 17, the roller bearings 588 co-act with a female portion 522 to reduce

friction along first bearing surfaces 524 of a male portion 518. In the embodiment of FIG.
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enbodi nent, the first side | ock 416 conprises a
waniotazoi69 body having a main body portion 464 »e1/0S100£027073

first and second mal e portitons 18 extending therefrom

to forma generally cross shape. The nmain body portion

464 fines.t count erbores (not sho L
16, B et BEmne By RRL PR TS B oetspericton along
sedondtben@igSsuffades 26 bf tedhdloportibes522.r st side | ock 416 to

the first nold half 10. The second 420 and third 400

si dd0949ks eadn aciypisali mAdmg peratey, ssurigl ofahe pgsigoning devices
14RAES ack 8 R B8 R0 3% 42 10l Qoo HERRIGRASES offher. I
additior) eaehfafsthe retbadid@dts described urtdimgrd fe iHestaride pugeses only.

ock 420 to the cond mold half 12 and npunting the .

Addifonal SrapoBmPRiS Rf S PTEM AN YRHPHCAFDR CORATFPIaGR thai kgep with the
spirit 'oF L thé bResBRAinS&RRAY BBAosiF EmbBCddRich@hs A vaAHlidR of the

the first 10 and second 12 nol d hal ves toget her and
preshmt invergiton4até passible lm lightdgfOths iableve teadiisgsal Ty irevention may be
- id he first 10 and.third 402 mol.d hal ves t t her.
PritbsE Pl o P oRATIOD SRSHRFh AN (9 SCPe ool sppended
cldih§S. 12-15, the bearing nmechanisns 28 (e.g., cages

30, retaining pins 48, and fasteners 53), and springs

54 are substantially identical in configuration and

positioning as the preferred enbodi nent of FIGS. 1,

2, and 8-10. [0048] Alternative bearing nmechani sns

528a,528b are illustrated in two alternative

enbodi ments 514a,514b in FIGS. 16-18. The alternative

beari ng mechani sns 528a, 528b are shown in first 516

and second 520 side locks. In the enbodi mrent 514a of

FIG 16, the second side |ock 520 defines

sem -circul ar recesses 586. In the enbodi nent 514b of

FIG 18, the first side |ock 516 defines the

sem -circul ar recesses 586. The bearing nechani sns

528a, 528b conprise a plurality of roller bearings 588

rotatably supported within the sem -circular recesses

586. As illustrated in FIGS. 16 and 17, the roller

beari ngs 588 are rotatably supported in the

sem -circular recesses 586 of the second side |ock

520. Alternatively, in FIG 18, the roller bearings

588 are rotatably supported wthin the sem -circular

recesses 586 in the first side | ock 516. Each of the

roll er bearings 588 define a bore (not shown)

t heret hrough for receiving a support pin 590. Each

support



pin 590 provides for rotation of the roller bearings

588 about an axis. In the enbodinent of FIGS. 16 and
wd.Zo04nta6a ol | er bearings 588 co-act with a fenmt®BUS2003/027073

portion 522 to reduce friation along first bearing

surfaces 524 of a male portion 518. In the enbodi nent

of FIG WD 2004/020169 PQ$L§ﬁﬁg03/027073 11 18, the

roll er bearings 588 co-ac th the male portion 518
Wha i¢ geiued i§:ri ction along second bearing surfaces 526

of the female portion 522. [0049] In a typical nnlding

operlat i orf peuti@tng deyfcetforaaligniag ane anidige dittiapd second med/halves

Q. align and guide the first 10 and second 12

to%%r%§%QW®%§§together. In addition, each of the

enb adirsmnérabat elsfining ed alihennaxis sndfhaving lalmdé patiow,e

pur poses only, Additignal enbodi nents of %he present |

i Ve @%fﬁb%éc%i‘hl%%ﬁm “F‘rf&?mg%f d\getiping gdemale portion
foeRhidd whth shillSndlE g&%@ﬁ _aloﬂF %Qh'aﬁgnmg?\ék@ Y8 laMegn FRMYst and second

nodi T1 cations and variatfons of the present iInvention
mald balgesstegdsher, i n | i ght of the above teachings. The

i nvent.ion, may .be racti ced ot herw se.than, as. .

et Fale BB AR iEf 1 bf oL sTEPES ghd (i female portion
Pt corfd RhARe sufac2004/ 020169 PCT/ US2003/ 027073 12

CLAI VWhat is clained is: 1. A positioning device

f or aabdaging ngechadisgufadi mducirigr &ictian clergc 63id beetieg lsaifaces when

t oget her Qnprising;,.a first. menber .defini,ng an .
g e Femibe L oaR o alof 54l en e Roptt s By gnechanism
méREbaveSERRE &t RcdndgidsisishsdtelatiVsto alRaQI®he aNshidigkmberGind

femal e portion for mating with said male portion i

al ordgesibgnd membgh fas mesilierily sunporing §aidearing peghagiggp between said

firs 868 0 ondBb SRl ves together, said male portion
presentlﬂg a tirst bearing surface and said female

portion presenting a second bearing surface, a

222:2:. 28 xfﬁg@%ﬁe{w&eg? Csletn%orfthr Iir(l: tclla?ilr‘}} ail %v%%re?nalsgid bearing
mechanism includes a cage having a bottom wall, a first pair of columns extending from
said bottom wall, and a second pair of columns extending from said bottom wall and

spaced from and parallel to said first pair of columns.

3. A positioning device as set forth in claim 2 wherein said bearing
mechanism further includes a first plurality of needle bearings rotatably supported
between said first pair of columns and a second plurality of needle bearings rotatably
supported between said second pair of columns wherein said first and second pluralities of

needle bearings are equidistant from said alignment axis.

4. A positioning device as set forth in claim 3 wherein said male portion of
said first member is slidable within said cage along said alignment axis and between said

first and second pluralities of needle bearings.



mati ng said nenbers together along said alignnment axis

as sai d bearing nechani sm noves between first and
w@eewmanghiposi tions relative to at | east one of BeEI/US2003/027073

menbers, and a resilient nmasber for resiliently

supporting said bearing nechani sm between said first

and second positions. 2. A positioning device as set

forth in claiml wherein said bearing nechanism

i nclsudes @ £R%8niARYad ELeaad Qb PRI | olaifh Ui WhbreRRiskidObearing

col ums extending from said bottomwall, and a second
maghanisno furthet includessxtetamingipinthaving ¢ &pdy pastioweeupddd to s#d cage and

spaced fromand. parallel to said first pair of
al@%?ﬁﬂﬂg?aggazp%%@&?@éﬁﬁﬁ@'device as set forth in claim

2 wherein said bearing nmechanismfurther includes a

first plurality of needle bearings rotatably supported

bet Wleen Zapebitining dayigeras ¢t ferh wﬁ%ma% Whereyegaightgsilient member
. Blur i ) i - : . Y
s Rltelstinba 25 3588, SuREREBAA ALK and #AARE 8 ang seoona
endfdr fegidiendly fuppomting kiid sagefbetweer diié fibse and segendipasitions.

equi distant fromsaid alignnent axis. 4. A positioning

device as set forth in claim3 wherein said male

por t on of poﬁ@é&ﬁinaé 1dvide XRBPOth s cBirh $abh&eiMshidl scst@l Hember

cage al ong  sal Ignnment axis and between said first
defingd ssfsobote plaving lai firstedianétenaeldagl batyrpamgen of@id retaining pin is

.6%84{92201662 PCT/ US2003/ 027073 13 5. A positioning
slideaplyHsPRsediBEre o th in claim 4 wherein said bearing

mechani sm further includes a retaining pin having a

body portion coupled to said cage and a head portion

adj &ent A positidningy dgyigetasont, fogh imclais 7t Winiein gaidespeand ragmber

et forth in claimb wherei.n.sakd resili 2l :
cofischnilar et SrpobiiE S50 607 phisT R sglo T PR Shidshpe i
didplosdan Gafdeindfir charfber aeutsRORtinifH B ARt sdi@ sédone Rhd Yf said
supporti ngb sai d cage between said first and second
sppegahuisgisl bogomavgbef saidsaghepodespidistaing B forth i n
claim6 wherein said second nenber defines a first
bore having a first dianeter and said body portion of
sai @. r et &\ podigorimgndévice lsedifeahlily chirs Boskatein eidesecond8nember
A positioning device as se% forth in claim7 wherein
defipgs seeWRPreadidnent to said first bore and having a second diameter greater than
said first diameter of said first bore with said head portion being slidably disposed in said

second bore.

10. A positioning device as set forth in claim 9 further including a fastener

coupling said body portion of said retaining pin to said bottom wall of said cage.

11. A positioning device as set forth in claim 10 further including a pair of

reinforcement walls extending between said first and second pairs of columns.



defines an annul ar chanber surrounding said first bore

and said first end of said spring is disposed in said
wanwghzriezhanber about said retaining pin and Bei/Us2003/027073

second end of said springlabuts said bottomwall of

sai d cage about said retaining pin. 9. A positioning

device as set forth in claim8 wherein said second

menber defines a second bore adjacent to said first

bor d2and Apositivmnigg deviversd setifarniefredlaigr BpvREreinhyanl fis@dnd second

first di n%ter f said first bore with said head )
e 81 B Ay definedaty Yrsiianf csernd; #ids decks adcwi fiswrsade lock

. V . 3 I . -

copBrise PARD) Qb iR L BrRbed Tortdl it sl Fhfton extending
thesefram ot Gfrmsai genersdlai Bi stgppi andt sids anain baddyo portiah | defihes two

sald cage. 11. A positi.oning device as. set. forth
colesBafel g pendin b RRH B a5 Gp i ing hidUREaook to the
firwahbld har tagddiia gedbﬂﬂ\éﬁl@ﬂoé@édi‘ngdséssé ud §S&;DH‘£%%A1 béneBily U

col umims. WD 2004/ 020169 PCT/ US2003/ 027073 ° 14 A
shapssAndjdsfining teecourtedperes aerpeadiewar to seidailigni@nivivegs égrrmounting

Saj [ o) rs are further defined as
Sa‘??’?%{‘ﬁgi:‘?gks?gg‘gﬁ%%g‘io@g R nd said first side | ock

conprises a unitary body having a main body portion

wWth_ said mal e portion extending therefromto forma

genéPal | y» ROSIORR deige sapdl for i abuinyl Opwhareip raiddirstried second
m rs FORPHE! RPLES as%%%‘&%%‘dh ?éct%%?ﬁ?ftogksain#i%gﬂ%ﬂgt I %ﬁrﬁgular
elo 0] e | no

or nounting sard tirst si C rst
lodkadofnpaire aswitdrystenigricvmigdepeharalty Tamyel esdefiningitivarcgunterbores
bady havi ng a generally U shape and defining two
Pﬂ@@%ﬁ?é@&o@#lﬁgmﬁ %&r SRioaing 18 dirg TeANEHE JRCkelgi e figst mold
halfQH (shi ' ' i |
Pl shidhoc Gt RN otk SETPAGH oL Oulal pRAFAMIEY fencraly U
shape anteleBining Swiodcobintestoreanphrallet tnshid akgrineens azisefof mduheng said

defined as first. and seco ectangul ar | ocks and sai d
Sa?qungggﬁgﬂﬂﬁFﬁPe“?8%£m8@gﬁﬁises a unitary body
having a generally T shape and defining two

counterbores parallel to said alignnment axis for
moudti ngAspastioningglevice s sah farthain clagmd Otveherdie sdid figst andbetond

I ' rectanayl ar, l,ock .canprises .
el OR3GO R5R ps
a uhitary Godyh/ii0s Bfindsudg|Joeontitsqiidimalei pyRiRANx tehding th&éfrom to

nmounting said second rectangular |ock to the second
forp gengeaily T shape and said main body portion defines two counterbores parallel to
said alignment axis for mounting said first top lock to the first mold half and said second
top lock comprises a unitary body having a generally U shape and defining two
counterbores parallel to said alignment axis for mounting said second top lock to the

second mold half.

15. A positioning device as set forth in claim 6 wherein said first member

defines a first bore and said body portion of said retaining pin is slidably disposed therein.



14. A positioning device as set forth in claim 10

wherein said first and second nenbers are further
waledonedens first and second top | ocks and sai BCT/UBBI3/027073

top lock conprises a unitdafy body having a main body

portion with said male portion extending therefromto

forma generally T, shape an? i d mai i.on

, : ?‘Ia n b%gly ngor. b
def ilfles ¥wBOSMIMEIDHE Sshforihy 1) clap 13 yhgrel) Sajeh figsmember
I Synf i b g fd . . i .
ey L b 4R T S oP et Bt B st fndaid annular

secon rrp rrses a .
chambdr aabyuthmaity retrining giraarglestist sdcbyd ends hfapeéd apringielfuits paidy bottom

aﬁﬁ\gﬁ .fclount rborgé_ aral l.el to said alignment axis for
W AU GRRCLRPY SSEIEAT Y P™ ock to the second nol d
hal f. 15. A positioning device as set forth in claim®6

wherein said first menber defines a first bore and
sai d7bodyA peritiondng deviesadsaset & ini lymplth whered paid thirsy member
i sposed therein. WO 2004/ 02 ' /

s RSES DR iR, EA IR0 T, PRBRPLARLHT Bt
saihYakediBmsRi of bdid First B and sdébode pokion asnskidabty disposbein said

and said first end of said spring is disposed in said
seep P chanber about said retaining pin and said

second end of said spring abuts said bottom wall of

sai d cage about said retaining pin. 17. A positioning

devilge awA peditidning device aslsai forthGnwheemeli 7nfustherdintludimg a fastener

menber defines a second bore adjacent to said first
foryppplingRid s AHRE %inécéi%‘ﬂﬁ"t@%\’f@? gﬁsa@rcélﬁ?'er than said

first dianeter of said first bore and sai d body

portion is slidably disposed in said second bore. 18.

A pdSi t i onpositiohing devicass sestfoftipint ¢laimn 1§ Waereinispid first member is

i ncl udi a fast r . far coupli.n ai d ai nkn in..
ol e B S LWl g3 & AT AR b o
bolEM fuflelock8 kpdced Foml sheCdnding? h&ietiie sl ferf@é Poitioh Herebetween

menber is further defined as a top guide block and

wheadby sgidcsprig fresepled ite s#id taphgitidedllplndresiienslysapporpaid cage in
ottom qui de .hl ocks.s f anot her to define
m léllg&ngaeggﬂfi% lg}%ail%?}mli(ﬁébﬁggn&g\{f\@g}??&%ﬁer eby said spring

is coupled to said top guide block to resiliently
support said cage in_  mating engagenent wth

of B8t onf pesitaINg dkes 2s s¢ forth gdtm Bhyvhgreiaest i gfégﬁlsgcond
méberd Ofd RurtnBr bR A8 REHE! R dad 16E AAdsR8FRA%ide Tock
comprises a unitary body having a main body portion with said male portion extending
therefrom to form a generally T shape and said main body portion defines two
counterbores perpendicular to said alignment axis for mounting said first side lock to the
first mold half and said second side lock comprises a unitary body having a generally U
shape and defining two counterbores perpendicular to said alignment axis for mounting

said second side lock to the second mold half.



menbers are further defined as first and second side

| ocks and said first side lock conprises a unitary
wheomy/otags ng a mai n body portion with said nmal BCPUS1003027073

extending therefromto fonéna generally T shape and

said main body portion defines two counterbores

perpendi cular to said alignnent axis for nounting said

first side lock to the first nold half and said

secald siAl@odi@siingE Vil 4886 forthii ¢laikry 1 GH¥reihaddidfirsBand second
generally U shape and defining two counterbores

m@@b@g@ﬁ@ |f%heaﬂeftr@d anfigst and sgronddectangular fagks ardssid faggt rectangular

o3 SE B B Pest i bl ToMpe B act e solf3omerbores

pactdle¢] @esadd alsg@imehontil fornmodrmingsdid fiktereetamgudai 1dcK ta gie f&stdnold
second. nmenbers are further defined as flrst and

halferndntiG scconm grnfangulan iek comprises ¢ upjtarytbody faxingua generally U
shlq%clfnd:ﬁ’émﬁﬂc?s% @odﬁﬂa'rlgcﬁésy RO ¢ %@Mh'ﬂgﬁngﬁ%ﬁ@wrha{muﬂg said

shape and defining two c unterbores “parallel to said
seednidgestangulaaldck td the seroodriohhadfai d first rectangul ar

lock to the first nold half and said second

rectangul ar | ock conprises a unitary body having a

genenal | YA bositdimiedand odeéti foimth d1veh POWAEBMAIdSSrst and second
parallel to said alignnment axis for nounting said

meyplashate ferthen defined as firse and sscerddop l;@bmndm@ldoﬁmfaﬁpp lockzomprises

o Q550 0PV R P 04 AL AT B P o

foxfnh b gtne4ll) F 1B dnd od hmﬁkﬁocﬁljﬂﬂﬁﬁl défihés tSlo dolftett@ds parallel to
conprises _a unitary bdge/ havi ng a nai n body Portl on

saig alignyentpxipePemeBRtingsal i(fﬁfetﬁﬂll te fherfustrppldthslf andspidgecond

of 8%, Sunbristaor chrad A AT L afRRPE AR SE WBRne o

coumterbbies pasdledtof $aid taligropent agls foo nmduatifig sad sexmdnd toplldck to the
and salg econd top lock conprises a unitary body

seqRgi generally U shape and defining two

counterbores parallel to said alignnent axis for

nounting said second top lock to the second nold

hal f23. 23.A pogidgiing dniicegasdet/fortd inslaiett Whertin s'a’rni Gisamember is

relLn said fir nmber 1 s rther de S t op.
Fo e e o S SR e dieriter g e recpir of
bo&éma%ﬂw Blo&k P 4204 HoMm &él ABthe ©CdeFing BAG Bndlé PHIOR herebetween
another to de ine said fenal e portion therebetween

whm@ryébryl sprnglissrplad ta @lecqmpllderdolci balypstogesikienty suppatt said cage
when ma%‘?lg 84 rtoepséu|1c'ieet)rfock with' @RPpd pair O Io omagglde blocks.

24. A positioning device as set forth in claim 9 further including a third
member defining a female portion wherein said first member includes a second male

portion for mating with said female portion of said third member.

25. A positioning device as set forth in claim 24 further including a second

bearing mechanism interposed between said first and third members and a second resilient



when mating said top guide block with said pair of

bott om gui de bl ocks. 24. A positioning device as set
w0 zogh201ew cl aim 9 further including a third nmsembes2003/027073

defining a femal e portion wherein said first nenber

i ncludes a second nale portion for mating wth said

I ird er 25. A po Ni.n

oy B REHSR) Fhodithd, sl fefo B hen e e R E0 o ana
seS@@dqasitiofear i ng nechanlsn1|nterposed bet ween sald

first and third nmenbers and a second resilient WO

2004/ 020169 PCT/ US2003/ 027073 17 nenber for

resijdd ent . ' ' [ [

ot vasen 11 PRHERRY Ay o8 & o Biin 353l BRTNAR sBifhd, and
thitke wicodbesars trthkeoddfined nas fitsgisarchd, ahlethard Rids aoafks fand sdid f1rst side

econd, and .third nmenbers are further defined a .

locﬁﬁ FURPTISEH A Jifary ePHgY DAYIRg 2geperally, gless stge 254 @ aip i’@dy portion
defhAE twb 06U GBERI hetRhaR bRl AldaIBARAKIBOmBuARRREAIY side

cross shape and a main body porfion defining two
logioterthe fipsy medd pelf pad ddid sécand tapd daiddsidd loghmam caxipsisé arunitary

nt i n said fi ock to the first nol

o huhPh ety U herB e el PcielPis e iRy o said
ali gﬁ\rhélﬂra)(ls foPepumimgishid seca@nfleabtiytoldhs BRBRd afa,w K hdd MBunting
[wo count erbores perpendicular to said al |‘gnment axi s

saifdghirdhgjdertackiép & tird rs@é HAld sephdhat|syid Kirgt and preor@ side tpckplign and
I

eufl e A3F e Bibag AL b R 5 BRE iR UMk ign and

guitleitifi@nsghd thiwd fheldHagvek togetheand second nol d hal ves
together and said first and third side | ocks align and
guide the first and third nold halves together. 27. A
bost On ARGt uclt 164 gﬁhgqnd;\gq e B [4cbAd mdRFhaves

toguﬂ'idne]orrqbeﬁmg;l ng an alignnent axis and haV| ng a rral e

ortion, a second nenmher separable fromsaid first
n‘d‘eff %HH“%FFQP%NEB%H%&P&W%SW% aels ‘?1%‘%"?‘% with
sai ¢, JIBhf IH%BéI’Q&)@Ab@@H’OI%@aﬂ fabd HEBRan@ ¥k $nih Pa #hee portion
the first and second nold halves together, a cage

forsmp@n@witb sdidl amnles partior losg said dligreoem dxisworblgrstharfist and second
mITHS9& ogetﬁ’éf said first and second nenbers, and

[=

a cage separable from said first and second members and engagable by said first
and second members, and
a plurality of needle bearings rotatably supported by said cage for reducing wear

of said members when mating said members together along said alignment axis.



a plurality of needle bearings rotatably supported by

said cage for reducing wear of said nenbers when
wambd/egi®ai d menbers together al ong said al i grreEMS2003/027073

axi s. WD 2004/ 020169 PCT/ Us2003/ 027073 18 28. A

positioning device as set forth in claim27 wherein

said cage includes a bottomwall, a first pair of

colums extending fromsaid bottomwall, and a second

pai r2&f  Aglositnsing dévecedasrsgt forthrin shird 20otHegdin waill kagenidcludes a

ai d ural it f needle bearjings are further defined.
bq @%WFI:I’IBS%S@% o |CPW‘_H6F“_F1@§%& ém_%‘éaadi Begemrliaprghy jecond pair of
colMAROSESHinRET M 80d BAtkdin TallShd Bk Elu?a(lity tspliléég{%ﬁ)eﬁ'rﬂqgs%re further

second plurality of needle bearings rotata
definphaya bt Puraliterf nsedleibeasipgonothtahdy suppbriaitietwmees.saidFirstAair of
orth.in claim 28 fu

oot 4T e PR of oo bbgfine Rl rpaited Bifpsen sad

second pair of columns.

29. A positioning device as set forth in claim 28 further including a spring

resiliently supporting said cage.



