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BLIND FASTENER WITH A BLIND SIDE HEAD
HAVING A CLAMP SUPPORT AND LOCK SECTION

Example embodiments of the present invention relate to blind fasteners including a
pin and a sleeve and installed by the application of a relative axial force between the pin and
sleeve.

The example embodiments relate to blind fasteners and more particularly to
blind fasteners including a pin (or spindle) and a sleeve with the pin having a head segment
adapted to move into the shank of the sleeve at the blind side to form an enlarged tulip
shaped blind head having a clamp support and lock section at the blind side and with the pin
and sleeve having a second, mechanical lock structure at the opﬁosite end for locking the pin
and sleeve together. .

In many blind fasteners blind heads are formed of an enlarged tulip shape. Examples
of such blind fasteners can be seen in U.S. Patent No. 4,863,325 for Two Piece Blind Fastener
With Lock Spindle Construction issued on September 5, 1989 to Walter Smith, U.S. Patent
No. 4,627,775 for Blind Fastener With Grip Compensating Means issued on October 9, 1986
to Richard Dixon, and U.S. Patent No. 4,405,273 issued September 20,1983 to Ruhl et al for
Blind Fasteners. This is in contrast to other blind fasteners in which bﬁnd heads are formed of
a bulbed type. Examples of such blind fasteners can be seen in U.S. Patent No. 4,784,551 for
Fastening System And Method For Flush And Protruding Head Blind Fasteners issued on
November 15, 1988, to James Kendall and U.S. Patent No. 5,603,592 for High Strength Blind
Bolt issued on February 18,1997 to Sadri et al. The '592 patent shows a combination bulb and
tulip type blind head. See also the MAGNA-BULB® type fastener shown in Figures 7-9.

The example embodiments are directed to a unique form of blind fastener for forming
an enlarged tulip shaped blind head with a clamp support and lock section.

A blind fastener (including a pin and a sleeve) may be provided with the pin having a
pin shank with a head segment at one end and with the sleeve having a sleeve shank and a
sleeve head at one end. The head segment of the pin may have an enlarged shear ring adapted
to be moved into the shank of the sleeve at the blind side to form an enlarged tulip shaped
blind head. The head segment of the pin may have a retention portion having a plurality of
retention grooves and crests following the shear ring. The shear ring may be adapted to shear

at a preselected magnitude of relative axial force
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sl eeve head (26) at one end and a pin (14) having an enl arged shear ring
(46) at the end opposite the sleeve head foll owed by an el ongated retention
portion (48) of reduced dianeter. The_ghear ring is adapted to engage and
nove inside the sleeve to form a tuliped shaped blind head in response to
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different. Other significant differences may also be seen.

One form of the blind fastener may have a unique protruding sleeve head structure
with engaging surfaces providing a relatively high level of stress concentration with the
engaged surfaces of the workpieces being secured together. This may provide a high level of
resistance to slippage between the workpieces and the installed fastener. Such a construction
may then lend itself to use in applications where there is some gap between the workpiece
openings and the installed fastener.

Thus it is an object of the example embodiments to provide a novel blind fastener,
including a pin and a sleeve, and in which the pin and sleeve have a structure for forming an
enlarged, tulip shaped blind head with a lock between the pin and sleeve at that end.

It is another object of the example embodiments to provide a blind fastener having a

unique structure for forming a blind head.
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- enlarged and reduced bore portions, said pin having a pin shoulder portion adjacent said pin

shank portion and being of a diameter larger than that of said pin shank portion, a pin stop
shoulder defined by the juncture of said pin shoulder portion and said pin shank portion, a
lock groove located proximate said pin stop shoulder, said pin head segment adapted to
engage said sIeeva shank portion and to deform the same to form a blind head opposite said
sleeve head in response to a relative axial force applied between said pin and said sleeve, said
pin stop shoulder adapted to engage said sleeve stop shoulder, said pin head segment having
an enlarged shear ring adapted to engage the outer end of said sleeve shank portion, said pin

" head segment having a reduced diameter retention portion connected to the end of said shear

ting opposite from said outer end of said sleeve shank portion, said retention portion
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shank portion until said pin s shoul der_ engages sal d sl eeve stop

shoul der °Pgiiye r"r?P%fﬁieél with é%&d sleeyp 6“%%5‘61?111 1 fpgn %@P‘ﬁé"‘%‘ heeerradsisss a shear

pl ane whehehid Fift AR Bicftemingd pds@bABEwbéh sﬁﬁlsﬁemaaala plﬁgaiaq)vﬂ Rgda presel ected
di aneter less than the dldameter of said crest {gl n shank portion

i s noved SHR! bayipg R rrlaged shggr ging pdagted g ﬁ@agﬂtﬁf‘c%ﬂ egdo\?fcfa‘fié BYRhE  porti on

i's noved poRibe aﬁbd@&sau;ﬁgee ﬂ@ﬂet%ﬁthﬁh SlERre 4t kg okt dAd, Said YirHeBS degmeRgagi ng
sai d she orma lock at said blind heaﬁcli Oég n%é)gl n. stop shoul der

and sai d%?f“é%’\‘/’@g‘éclﬁgﬂm@ﬁtﬁiﬂeﬁﬁtﬂonaﬁ S PRInSCR AT RS F sRd 5T di v ecti ng

t he mat eringbpmbitsonsad @eetencsm@ldsﬂ@ué stehk p&tidsdnd addpaddhy griigpeligal | y 1 nwardly
into said | ock. (groove t 0. ECk saaﬂdatpe@n and sajd s e% ether and to

finally FEPRTE PEY "0, Pid sBeapring s VeGPl s iR Povenment of
sai d pi nthrbuphaaidbuteadnd tcsfoﬁﬁua;hpsmpdd Bligihend sitiopclampatddedk saaionnagthat | east a

Por) o Wt GRS SRRLEL S R kA sl pycontagnil g por 1 on o
of said bt aet\msmbmwbsktmallﬂmbclda& fromi fakthr hosdndat &t leulntbe sidé sufataaedid i t at ed and
radi al exl%%rnrsl;rllgoa aﬁed to dh 8 ‘iar\ér% Sgltd%PIl l;lsegt? slflelgr%grrlt a& a la{'grép rlngéngt%\ge of?‘g}atgvepl n shank

axial force whereby said pin shank portion will be moved through said sleeve shank portion

until said sleeve and said pin are at said predetermined position arid said front lock is -

- formed, said shear ring being sheared across a shear plane whereby an opening is formed in

said shear ring having a preselected diameter less than the diameter of said retention portion,

as said pin shank portion is moved with movement of said shear ring blocked said retention

and gripping portion is moved more or less through said shear ring and grippingly engaging

said shear ring to form a lock at said blind head.

According to a fourth aspect of the present invention, there is provided a blind type

fastener for securing a plurality of workpieces including an outer workpiece having an outer




portion adapted to be severed at said breakneck groove at 2394¥23%4 ve axi al
force of a preselected magnitude greater than said magni tude for noving
the material of said sleeve stop shoulder into said | ock groove on said
pin, said sleeve stop shoulder |ocated generally within the confines of
sai d enl arged sl eeve head whereby radial expansion of said sleeve is
inhibited as said sleeve stop shoul¢fr is deformed into said | ock gr oove,

sai d sl espesdrRachnd ay inder vorkiiéce heHRELiH R Xddburfa8N\GhPrisis@iatholiéve akieck groove
bei ng | o§at ed %Ogr edet erm ned maxi mum axi al di stance fromsaid | ock groove

wher eby OPEES Psogsh bere: said Heqve Brving ikrEe shank REpTed ap enlarggliscrekeedn of sai d

8 re ts el ec‘mﬁﬁ_e B binudeil plini haaziﬁ'g&: pif{ Qagiepdrori Al b lbinﬂm?ﬁhdsegﬁ{:riﬂ,l sﬁlwtﬁ'ﬂ @ht Eﬂka])c(' al .

i stance_bei ng, gener.a u .Q, sal sel ected axjal |en of sai

Sl eeve. hBIHOT BRAET (I isd Vit tiR soid b of sl TEEEF TGP B SRR oove and sai d
br eakneclocgtda vie egé nbsafl slegvanhbdki portidheppsiné saitbsec0é haad) did pal eMe head.
According t.0 third . aspect of the present . invention, there is provided a
b1 1 nd t y et%h Bl o PERSCpye g PRI b FPHER B U SERLG ng. an

out er wobkapi iegdlaliavionlgvlgreby ardtive sxidiforeel tdndbe applied bawednsarrpinedikpidiece havi ng
an i nner ;sj . rising. ollo | eeve having.a through bore,
sai d sIegégg%g%#%g%%%%§§%§gﬂsah In%%??%%ﬁnéﬁasgﬁo TPSF Gutrlee gkhead at
one end, petigr and tedafaimghewsalmave fogn a bfindheath epposiponidisbavedead @ rgsponshead segnent
said pin : I QR .0 . ithin said.bore of said

sl eeve w fe%ﬁgé;?%ﬁ gﬂ;r%é ﬁ%g%%q%e ge(rg}lg F\a%&)plp g%%%g(%ﬁ%?e’ %fé T&hd oﬁ?rgt%‘ée?yd sl eeve shank
porti on eppertidivdthsaiddlestcand sridpiadh fosandbcpbetwsinamid slepardnidezid panai mg a pul |
section Sk i i t gri pped by
an insta Iaplon%% %@g&%@?ggghgﬂggﬁgFﬁg%ggﬁr% <$g?§§ﬁ%§%e emggﬁlied bet ween
sai d pi nmgtalc materigl havingy nfilgstrengdt oflalpresejected rdaghiteteemasirenlasgeid dlepien head

segnment. ﬁé&@géiﬂéjofta%rﬁﬁq&g%rp%%@h&h g&':%?g a rﬂeﬁﬁi{tlcﬁg{ b AR JutLndGFQEM t he sane
to forma blind head opposite sald sleeve'head 1n response to a relative
axi al f owndersidp pf seidplagi hoadrdaniadl ¢ qigrecdbrpubrapide siresad thd ak wedkivse,

oper at | valdrifzRRankofe Whbdting alcd pRARENS RAhe AL vith hucldict ABMURRLL ANt | Ok

bet ween sai d sl eeve sald pin at _‘a predeterm ned position between said
sl eeve afdPaEAFAnHR0Te tesupurd 50 didwdensilesivesih ofthomplgrizlef Grioaeged shear ring
adapt ed 6ABIAAEnS %%at&qﬁﬁrthﬁ AflwRth fidltle 3t BEYReSRUrfacB hd/bGhgand bei ng of
a larger dianeter than said bore at salé outer end, said pin ﬁead segnent
havi ng dxféﬁﬁﬁgﬂ&dianeter retention and gripping portion connected to the
end of said skRaiingté NEAPRPES bl fe bR Si3btoR WAL is pRJided 2 Byl eeve shank
portion and adapted to _grippingly engage said shear ring, said shear ring
- adapt ed H¥°BEORIwE AREAlLY pLvrkRiesre Inshgrig ap et imkpieoR hatgasatd outer end
t o for msadetstitfich ash@nBikbr RoiBRcd1IRRthg\bh tlhedside s@ﬂ‘&e@ﬁl iﬂ[t)ﬁsgfgka QL @vat the
ecte

i nner side.surf%ég of the workpieces at_ a_presel ec nagnltude of relative
axi al f JP¥EE & fgoueh borsesaydslegvaisame i sleew shank pattion prd ansniseged gleevedivad ur t her
novementat die dnble: i) BEE piheeinS 4 pihABAk pS Aol andSI QR heall séinent 8038 p8 shapkbe sheared

from said pin_head segnent a_larger magnitude of relative
portion adapte% to Ee lgcatergi wit%n saiJ boreg of said sl%eve with said pin head segment

located at the end of said sleeve shank portion opposite said sleeve head, said pin shank
portion having a pull section opposite from said pin head segment and adapted to be gripped
by an installation tool whereby a relative axial force can be applied between said pin and said
sleeve for installing said fastener, said through bore of said sleeve having an enlarged bore
portion in said sleeve shank portion and a reduced diameter bore portion proximate thereto
and defining a radially inwardly extending sleeve stop shoulder at the juncture of said
enlarged and reduced bore portions, said pin having a pin shoulder portion adjacent said pin
shank portion and being of a diameter larger than that of said pin shank portion, a pin stop
shoulder defined by the juncture of said pin shoulder portion and said pin shank portion, a
lock groove located proximate said pin stop shoulder, said pin head segment adapted to




axi al force whereby said pin shank portion will be noved 2hr$EdR%ai d

sl eeve shank portion wuntil said sleeve and said pin are at said
predeterm ned position and said front lock is forned, said shear ring being
sheared across a shear plane whereby an opening is forned in said shear
ring having a preselected dianeter |less than the diameter of said retention
portion, as said pin shank portion‘?% noved with novenent of said shear

ring bl oek@ge ai dket@nent j ﬂjdﬂtﬁbn A0 c&fdrﬂ@h&ﬁm@ﬁfﬁ)ﬁmblnﬁ HERY SpoliRsgdor | ess
t hr ough saldsear rin grlpplngly gm% said shear ring to forma
VH

| ock at S57Y§ bEdi pspRos! o' aA adedriagtors 2eplie digeir angraid Heevpreeident

i nventi opin stobemﬂdesmapwtmgaga si1t kle€belsiop €houfdds kB Bin he&l se &iuhwﬁgg a
an outer wqrkpl ec avi n outer 27

plurality of eces, i ncludin
June 2008" <% F‘%’én%?qﬁ é a‘?‘i‘ﬁaggﬂwl WirePrd gl s slege SPF&QPP@‘O ﬁa1 Rier side
surf ace h@ﬂpemﬂgmng akhatubadimhete vaenuhﬂycbrﬁ@ @nhé&feﬁlﬂ@me bed &fisaid el S| eeve

having a_s| eeve, hank. portio an eve head . at 'one end, a
pi n, sai PREOREIOR Oﬁgeﬁe dr:a{a T‘%g BEPESS %HEB%‘HO% Sf}ﬁ RSy PYEYhent, said pin
shank pomrnprmmgaqupetlmsdoﬂgmdms dndcakie Gaidishdat mmﬁed)mﬂ)e nQvaedSl&lodalS| eeve with

sai d ping Jusi ated at end sa eve a kK portion
opposi t e’ 563?91 %?geverE trl?faoél Saécgl ren#g’gfﬂ g’l’"’??ﬂﬂmﬂ ?ﬁdﬁvd C&ﬂ section
‘opposi t earfdlokssetiod aphmmherasdiese@wnfthawdrkpadenshmbrbaalebted gugppddof by an

instal l aI‘éla?Oe 5)958 Eor%d?@ye e?ar § it%[ is\li ta%éfizllﬁ/lblgcgr o C%nthgre m&R Q1| Iteagi thbet ween
said pin and sal eeve for instarl I'ng-'sal ast ener, "Sarg” pr i head
segnent maptdedurfa@e anid alper Bug afagbdtebe sl I&omps@udmudmadimgmbm ad:ef ormthe sane
to formag, n rel ative
Y A L TR S

oper at i v@ﬂ%ﬁlee&‘@ﬁﬁ@@m@@%ntlhsamndsteﬂ féievlécr&nghgsseﬂaeﬂ shiere step showlderdo | ock bet ween
said sl CRUR sm$c§§ale sitlaPrirH be b sﬂéa?éA%Erg @&ﬁipﬁ.ﬂé% n% ssaid sleeve
and said pin, said outer workpiece ma a et a al havi ng a
tensil e Drpetigssd drearsinghesing e preestboted dismetstitess thayi the 'élnmetmgé@alé tedue head

bei ng of as%aﬂarpﬁis!h&i@ﬂaﬁlohyﬂﬁo@ﬁ%nlﬂmelﬁéﬁfbf‘éﬂ1dash5 4 QBEﬁeggﬁd?étenrtla’? radially
outer end of the underside of said sleeve adapted to engage the outer
si de surPAER ipmoyHanse eidess Hpaisaid shear ug wthsawgr@@tqnwmwﬂﬁ@eaa beari ng

area proyh gtb RAm: 1683k bdwblfﬁdrh%&? sabdt bl sttop@nogk',l@learnd%lggle&é Io@%ﬁ'ouﬂ:fer at |east
around 40%to around 50% of the tensile strength he material of the

out er - WEVISicREng YT NefaBiopdirectng{he material of spid %vat@l? diowlderof t he outer
si de .sur Juaﬁﬁltlamd{a@iaugf in8rdlyNieHolshi@ Moo GFidVSto 1AEGRH gmﬂd kRd fedvk tdbmaspect of
the pres #_l%\{entlon there is provided a blind type fastener for
securi nga“g Dl ‘fWW%ﬁ‘%ﬁPé@f@%le‘fVﬁ&rﬁﬂpﬁgg arialoapvepenigf i ke havi ng an

out er Stbﬂﬁglﬁééidfs%éﬁe and s@ar T HApt b KiRhER A A A LA SsilldRehecrdaq sur f ace
conprisin g hol | ow s havi ng a t hrough bore, said sl eeve having a

sl eeve s BEEPPBIn ] i KT IERIERAIC e £ 2(TBRRET TiRE VOthaaidMPPOR pin, sai d

pi n havi m bam@ comsBankbypald shed riagth sRidRicBve8a poRBARNMhe in%@H SHeRrfce hank

portion a to b Iocat%d g\nthln said bore of said sleeve with said pin
head se wor ieces an as apart of said clamp and lock section, said sleeve shank portion being

of a generally uniform hardness with a section of said sleeve shank portion at the end engaged
by said shear ring having a gradient of reduced hardness to facilitate movement of said shear
ring into said enlarged bore portion of said sleeve shank portion for initiation of formation of
said tulip shaped blind head and for shearing of material from the inside surface of said
enlarged bore portion to form said support ring, the outer workpiece being made of a metallic
material having a tensile strength of a preselected magnitude, said enlarged sleeve head being
of a protruding type and having a ring portion at the radially outer end of the underside of said
sleeve head adapted to engage the outer side surface of the outer workpiece, said ring portion
having a bearing area providing a bearing stress with the outer side surfacé of at least around

40% to around 50% of the tensile strength of the material of the outer workpiece and no




| ocated at the end of said sleeve shank portion opposite €4i'¥esPBve head,
said pin shank portion having a pull section opposite fromsaid pin head
segnent and adapted to be gripped by an installation tool whereby a
relative axial force can be applied between said pin and said sleeve for
installing said fastener, said through bore of said sleeve having an

enl arged bore portion in said sleev fshank portion and a reduced di aneter
bor e por igieaidr RaOKkAITRWEIch PRIBLQf thd Bteiidd NHAG 28d/bAGedliénibiivey dl y ext endi ng
sl eeve stop sgouI%er at .t he junﬁgure of said enlarged and reduced bore
portions, sai GHIRINA SR 250t AT ERBGTERVSIEPL s 1 aio%idedd bladitepi n - shank
portion gnendidorigoudihg a phikAiEdfevorpliceahclidbaiant duddk wofkpRad Khviak n Sltank portion,

a pin stop shoul der.defined by the juncture of said pin shoulder portion
2nf Sa o ATBRSE Sh T K hisee iRk S oo Fisbr SEHP DTS, S8°G pin Stop
shoul der hadigy thipugh breg daid elgeve hividttogicee sHadk portidniid an @flersedSteecven@age sai d
sl eeve shank rtion.and.to deformthe.sa to forma blind.head opposite
said sl 3te°\1llgellri1)&é)38mr f‘?“f%EB%Vﬁ%gea%Shﬁm?%qné%%gaéfﬂl}fﬁéfeg?lﬁlg’ S&ﬁm% bet ween
sai d pi npation glaptdd Bl bedavated sdthiol saip bore of @il ddwoelvitk saidipiapt@dedgnienengage sai d
sl eeve s | der . _said_pi.n head se nt .havin an. enl arged shear ring
adapt ed Eog&écf]%g%ee ?ﬁgsabustieg?'gséln 1B loélélpgoggf %aé€§ee§ ﬁg?ﬂg KT A sai d pin
head segpwtion krainigrgull sectduepdsicifmmetilipin kdaé ségnent g réaped telprmipptded to the
end .Of S@f/:g‘l fAdlion {obﬂghe%%gg%lstﬁiefaIcinrPor%gani b%%%%lred%gﬁgve% seusdaplirgi an%ilsgﬁve shank
portion, said retention portion conprisrng a frar y off grooves and
crests, sedvd folistallingispid fattapt @il fimhdad sepneethdapttdtosagage sad @aveslshlank porti on
t hr ough j: i i . Wi clanp and
| ock sec‘[E (?{5%1 %P %fﬁeef&?rﬁpyge%n%?%?@tﬁb%dc%ag? ﬁ?’ Elge %frs%gféej%%gm\g%s%gh%}oeéel ected
magni t udeelagie axia [fore¢ applicddictieeh eridpin aprbbaidrldsee, ck anepgiptraidvelysubst ant i al |y
bl ocked {50 dduyitnaia TERVERR Hid fh ' ' i ' ear ring
adapted to be shle_f'}rg{kg from sa?gl_[t)(?%ﬁﬁg;ﬂg@é@%ﬂﬁeg%ql%ﬁgﬁ%g?g%ﬁgg%m tude of
rel ati vedl@rupterppednoiiien bihycanarid siopvs anhsaikpiporidiporhon sogmpe hajogan t hr ough
sai d s| @ygpaNARK iBLhddb R iblde uRAlr BldbeSLERAIU AGbrBRRAGRT 2RI d o eeve
f ock d sh ng shear ed

stop shoulder to formsaid ck, said shear ring be across a
shear pl alezehdiapepsthapsaidherahenid epterepd seid pinrheadsegment baving 4 edpedivi ng a

presel ecgiggleteli reeRIidBlandl BSshireRRioh BEhndé:eBURT en@lor S8 Refr™fRE bipositdForz @l d PI N
shank portjon is nmoved wth novenent of said shear ring blocked said
r et ent i offid Qs enchof spid slepipehankppriop and adanied toresippinely sngesikshearting wi t h sai d

crests engn@bdding addhcd REBY movell fffo {af IR4E AN AfKorRthros A Hidtuinehdigad, said
pi n stop_shoul der and sai d s]| eeve stop shoul der hawsgq% engagi ng surface
§)

means f ofP™™8P FEBshangd P head with alamp andlpek settivapiths ingpr sidesunfage pf the

subst ant wékpiyces achi bdedctedi@gmtude dREIRivE akidl RS kndio®eYE folitibpck said pin and
sai d _slee e together . and to final Ity forma stop. surface on said sleev_e for
st oppi ngsuﬁﬁ?"élﬁ mf}‘gﬁéﬁf’n’g?‘“@émﬁ"eﬁ?eﬁ at theieneg fidesiraces aibspear regpdprtsdear ring
adap_t ed fobe stead fioilseidipa] hehd FmbhQt 4 Eﬁéeﬂﬁa@ﬁtﬁ&@&@elﬁﬂve%ﬁﬁﬁom@n| arged bore
portion

of said. sl eeve shank portion to forma support ring with said
suppor t W]?‘F%@' sgid PW@EE‘&WP@&‘@EE ovedthyoughesaid S&FY?g“ﬁ?qlf pedicq vdflsgide shank
portion sdevé fiel shid a1 ars atdeid priciétatned position and said front lock is formed, said shear

ring being sheared across a shear plane whereby an opening is formed in said shear ring

having a preselected diameter less than the diameter of said retention portion; said retention
portion comprising a plurality of grooves and crests, as said pin shank portion is moved with
movement of said shear ring blocked said retention portion being moved more or less through
said shear ring with said crests engaging said shear ring to form a lock at said blind head, said
shear ring adapted to shear material from the inside surface of said bore at said outer end of
said sleeve shank portion to form a support ring with said support ring being compressed by
said shear ring in said sleeve shank portion at the inner side surface of the workpieces and as a

part of said clamp and lock section, said sleeve shank portion being of a generally uniform




of the workpi eces and as apart of said clanp and | ock sec®2f e8¢ d sl eeve
shank portion being of a generally uniformhardness with a section of said
sl eeve shank portion at the end engaged by said shear ring having a

gradi ent of reduced hardness to facilitate novenent of said shear ring
into said enlarged bore portion of said sleeve shank portion for initiation
of formation of said tulip shaped bP$nd head and for sheari ng of materi al
fromt hﬁh&rﬁﬁdsdﬁitlsalﬁd‘;ﬁ&ﬁof@iid sladve sheﬁilg baﬂﬁfg@ﬁk thodng leilagagéd maftl@héalefiﬁg sai d support
ring, t out er wor kpi ece, bejn . Of a nmetalll, mat er.i al having a
et 1 o SrTiaY SEred PR 4h ity PERh At Sragdto STABYE head

bei ng okt saidpuet enddif sdd tlyoe stankipdidosti fogintiatibmer fix@atibost saitl nilipehapadi al |y out er
surf ace S RETBRER PR Rl Bue™ BRFIITAT SRR D4 AUSFAOVE R ng aroa
provi di ny farmberdd suppprefingetis owtert workpiecedring mmadd dfe mdmifiaasetd hatngd £ast around
wor kpt eos e Yo shitded Bien e SR peart AP R PO RINIGR o di ng of

t he out etyps adichaging b sicgpahel! 2 theradigjlypotet gl deandssideAdcad dieevg heal a si xt h
aspect o | I re is provided.a blind type fastener
for sec uéc}ah%@go”{)ng%glﬁ ei d{u&Y%ﬁ ¢ %}\lgfrg'f(epqtf?c} eﬂgltf"ir ne l(ff"’er’lEfu&ajﬂn‘%‘fJc’trttla"jrllql\/avowr¥ f)i ece having
an out erbeaghglarezsprotiding a herding Fireswidh theontkpiidecerfiva of sideasireramd d9%sé de sur f ace
conpri si BgundBobold ' t j ve having a

sl eeve s‘rrl;gtnk g?ﬁ t jt%g#elglré%i%ﬁgth;%fﬂé% glgﬁﬁglggéh\%ggﬁreg%%esag%go EJ n ,rtganpi n, said
pi n havi #g 2 which yieklinglof g oniennideitface apd/or fireartbageers . said pin stank
portion adapt gghef Shidg, feR6aL, G5k Wyhdd) ' ? jth said pin
head segnent Igcat] ed at the e‘#g oj?é%ggﬁhgg@%@%@%ﬂ%ﬁﬁ%&%%tﬁﬁ%eﬁ%posi te said
sl eeve h@xtion ¥ilbpespme amaent rogohe fubseanens desgriptiopand the erpendsd copapsi te from
sai d pi nReaH cAHEHBM widl e AJGRIBYink Araingdl | PPEd by an installation tool
whereby a relative axial force can be applied between said pin and said

sl eeve for i nsepmplg embadimenisal heegresent dnvgntinnvilh bepgms sprasitly adapt ed to

engage Sa@iders@b@aYA tihRAed RMHHliG RN dcfortlBh @b MhPfieS ¥MErct0 forma blind
head opposite_said . sleeve head in response to a relative axial force

appl i ed bet we'BRUTE icr fesleypipnalaiey. idsome parschownda sestiohef ablindel y  connect ed
Wi th sai fstshepa@udinpth Skl Addvd MdleRibBaydng e fites dQRKorRetMBRAHGAd S| eeve and
said pin, at a predetern'ned position between said s|leeve and said pin,

sai d pi nShﬂé’aéireélg@‘ﬁ@ﬁ a4yt O%ﬁalp t8 A PAF giotorkmienss ohd MR EIRRIIf & engage t he
out er engst@ifatisai d sl eeve shank portion and being of a |larger dianeter than
said bore at said.oute ‘r; head_segment having a reduced

fnd, sai. d (?tj
di aneter r et EHEFBA ST _eg?ei"ﬁtﬁnﬂ&eb”o Rin eofiEEEled to the end of said shear

it
ring opposit eFifrodA iSafrgneithgTvieand cirogsdbddledr 8R Yertvh 8fke Piatid ihen and adapt ed
to grip '.nglé%egqé}&e said shear ring, said shear ring adapted to be noved
into sai g% Zele ®R%%Hk portion through said outer end to forma tulip

shaped bl i nd Higae2Bistafraamehtaypieand chiagkd salklof (8 paitiod bahé piR@f thei de surface
of the o k@ie(‘laes aﬁ a preselected magnitude of relative axial force and
to be at aep SPBRC “subst ant i ally blocked fromfurther novenent at the
inner side suiigac®is ssidedlesiidasl sédtiogal adafir @ sleeve of Figure 1;

Figure 3A is a fragmentary view to enlarged scale of the portion of the
sleeve in the Circle 3A in Figure 3;
Figure 3B is a fragmentary sectional view to enlarged scale of the
construction of the sleeve head in the Circle 3B in Figure 3 shown in comparison to a sleeve

head of conventional construction with the conventional construction shown in




to be sheared fromsaid pin head segnent at a |arger magnPf{ €289 rel ative
axi al force whereby said pin shank portion will be noved through said.

sl eeve shank portion until said sleeve and said pin are at said -
predeterm ned position and said front lock is forned, said shear ring
bei ng sheared across a shear plane whereby an opening is forned in said
-shear ring Rayisnsem Presel ected dianeter | ess than the di aneter of '
retention portion; said retention portion conprising afpFUPERITS of
grooves and crests, as said pin shank portion is noved with novenent of
sai d shear ring bl ocked said retention-gartion being noved nore or |ess
through said shear ring wth said crests engaging said shear ring to form
a lock at sai @histdnpandvdthdectiomlings omfited for pirpesesafapptigg t o shear material from
“the inside surface of ' e .sal d outer end o sai d sl eeve shank
portion to forma sup_pg%%ngr‘;?%%le\}me%%%ongfa‘?e&'msﬁwparfsisa‘t}fv SOl essed by
sai d shear ri fgtepay ofikigete & endoting thiadastengran its final sat foin the iiRfmed gy sur f ace of

t he wor kpi ece : ai.d_cl d | ock section, said sleeve
shank portionﬁ%g?ﬂEQ%Pﬁﬁvg%ﬁ%?é%Fé“jﬁV?ggﬂgé§a?ﬁﬁe 2006 -3g- hardness with
a section &f said sl eeWigushardn epvationarviestwithveme pts ads sechyn Faticd Shear
ring having b ardn to facilitate novenent of said
shear ring in%ﬁ%&ﬁ?ﬁ %%?g&w%%ggéggmgﬂrgpggﬁgsgﬁ&§HF3w§W5@W@1§thk portion
for initiati ofpndition sseyringinvgrkpisbesoéin thagitthingotsihbigieess; bl i nd head and for

shearing of material fg inside. surface .of id enl arged bore portion
to form said support r]?l%g}B?ﬁ&%ﬁkﬁ%ﬂ%?ﬁﬁﬁ%@‘@ﬁ% aﬁﬂlg&a%ﬂw allic
mat eri al - havi Yith aflush berditipe skstweamiyt finabdet farmp nabehaehad pRP@Ritige, sai d :
enl arged g} eeve head ' f otruding type and having a ring portion
at the rag?ally outerqghgg% af%%@%W§8aiqﬁi%ﬁygﬁ?B“?FB§V@mﬁ%ﬂﬂ%Oﬁﬂapted to
engage the oUMAGNN-BELE typé blow fotenthimclodings pineddaiedepre:SatiBiel by POrti on
havi ng a beaﬂr{'opg,jgslgaﬁgﬁogr oviding a bearing stress with the outer side
surface of at least arouhd 40% to around 50% of the tensile strength of
the material of the oUfimwe dvsrk pleetionshview Woth §omBatagE shoamh sebthhalor@k Whi ch

yi el ding of t L9 1S rf and/or .ri ortjqQn occurs. O her

obj ect s, featﬂl;}}g(e}g?fi and é(g%%%?ﬂ%%s l%llren?%egwg&gatﬁgf energde iR setdotsring he present
i nvent i onliwi Ithe hisomesrgppadidat sefutiogwoitpicss BSERE Pt d8a&EsRi on and t he '
appended clains, tak ingconjunction with the acconpanyi ng drawi ngs. The
exanpl e embodi ment s o?ﬁ?h?ag bsraggfé%ﬂ%c’ij‘ﬁ\‘flg}‘ﬁvﬂ ﬁmﬁﬂ’alﬁsﬂlgggﬁ%“ﬁ‘fﬂné’fﬂﬁl ly

under st ood f ASASNASBHR tapd fedlerelo@igupd 7 depictuipdhd AendCie QIR Yét RGmdE aW Ngs,
wherein: Fi ' [ el evational view, with sonme parts shown in

il oy Bh B AN goRGeses g

secti-on, of a bl _ ener, U™ sl eeve and enbodyi ng
features of tidd thickeslent i nventi on and shown preassenbl ed and in

relationsfaiip to a pai rkpi eces of  a ninmumgrip prior to

i nstal a?ilaon; Fi gure ??%’né‘%sl%%gc %8{5&{41%%]3&;91%% CHRHE MSIAY of Figure 1;

Fi guL e 2A i sexenipteggineatianyd isiew w4y isteldad @eEbiSESFntbn, IS pRekibi 8P of the pin
in the

- Ses,
Looking now to Figurs 1, a blind fastener 10 is shown and includes a
- hollow sleeve 12 and a pin 14 in a preassembled condition prior fo installation. The .
‘25 fastener 10is shown ina preinstalled condition and located in aligned openings 16 and
118, in inner-and outer workpieces 20 and 22, respectively, which are to be joined
together. Workpieces 20 and 22 have a combined thickness representing the minimum
. grip or minimum total workpiece thickness for the fastener 10, Figure 4 shows the
fastener 10 after insi_:allation and securing the workpiece 20 and 22 of minimum grip.
30  Figure 5 shows the fastener 10 in the installed condition with workpieces 20" and 22’
having a combined thickness representing the maximum grip or maximum total
workpiece thickness for the fastener 10.




Circle 2Ain Figure 2; Figure 2B is a fragmentary view t o2éd¥&2§@& scal e of
the portion of the pininthe Circle 2B in Figure 2; Figure 3 is a side

el evational sectional view of the sleeve of Figure 1; Figure 3Ais a
fragmentary view to enlarged scale of the portion of the sleeve in the
Circle BAin Figure 3; Figure 3Bis a fragnentary sectional viewto

- enl arged scalveo mfosdotse constructi on of the sleeve head i redrhgoGeiel e 3B in

~Figure 3 shown in conparison to a sleeve head of conventional construction
with the conventional construction shown in 27 June 2006 WO 03/ 058078

- PCT/ US02/ 38736 -4 phantom and with sectidon lines onmtted for purposes of

clarity; Figure 4 is an_elevationgl view it onE, par shown in section
of they. fas?ener of Fi Sltﬂogmin%fﬂr%Wﬁd af‘ﬁllgﬂfeg?ﬁ‘é‘ﬁélfeg’ieﬂ&?‘?%agle‘?w set form
: Itﬂ t Ee mi ni gugtragﬂt@hagzgmduunm t_' ddihiglemnkﬁh@f&&nﬂh : ﬁte@atmmmmt' 0 ddot al
i ckness; -i gur is a evati gnal, _vi ew wi sone parts _shown in

section of- thén‘%f@@fﬁﬂé‘?ad&g' %1 %gegh?féﬁ?’é’fqlw% Tfﬁ]?eeﬂ‘%fg{dgﬁ@ﬂ’e’ilﬁs? ts final

set formin thencaRedbN7gjafent GO AN 2400 pReIaL ElbAghc¥aTk Me@Gi8Sedsd ofa Maxi mum
total thickness; Figure 6 is a side elevatjonal viewsjmlar to Figure 5
depi cting & f &8¢ - AYCRIREAI0E POFEAR 15 PR the piawnderpafially entgriepaf set form
in the maxi MinheGtdeRs 27@AEhdsia® Bigaddtheht sBificS config@ratfonSlo®e dbAdeal th @RI ew, wi th

sonme parts shown in sectjon, of MAGNA- BULB type blind fastener,
i ncl uding a pit#?raﬁlﬁ&naefgﬁ@%wﬂ E%%?HBF@HP& WolPic6t 2% 0 i nstal | ati on;

Figure 8 is an el evati gnate 12i18y% Wnid) 158138 bHB ivhidh HIRRWEL d Nark®6iei200f Hf t he
MAGNA- BULB type fastener of Figure 7 depicting the fastener in its final

set formin FEYeREDFNA ARG Rt el ten tnlensttafthesgakstiept eces mi ni mum

total thiclonessmmanichtdsipitinttdhi Secxhdll 2§ Rith PRAH bott YoM redicéDiBndeRl t S shown
in section of _the NAH?\IA BULB type fastener of Figure 7 de‘c)n cting the
el gl

fastener in it& pp eve gtophiorldeg 4ds drimed AL the Jioptsreod shirk PER2&®E ur i ng

wor kpi eces of i rémxddriimcted hak bbi 30 kRS Rank 26re 2B Rtk OWitR Gppd G Coutdpt | On Of
the preferred enbodinents is nerely exenplary in nature and_ 1s in no way
i ntended to | PRE AapEredsueTugh PO ST seres agwpos o be deseribed. g thihg now t o

Figure 1, a Dkdsad lcankie 0ftpet O thStaphanRA 95 biGld s afily iLptOW Sl eeve 12 and

a pin 14 in a preassenbled condition prior to installation. The
1 approximately one half the thickness of the sleeve shank 40.

An enlarged view of the stop shoulder 34 of the sleeve 12 is shown in
‘Figure 3A. Thus it can be seen that the stop shoulder 34 terminates in a radially
inwardly rearwardly inclined generally frusto-conical surface 36 which is thus separafed
from the radially confronting portion of the sleeve 12. The sleeve stop shoulder 34 is

20 . further separated from the radially confronting portion of the sleeve 12 by an annular slit
38-which extends axially forwardly parallely with the reduced diameter bore 30.

It should be noted that the stop shoulder 34 on the sleeve 12 and a telated
stop shoulder on the pin 14, to be described, are substantially of a construction as taught
in the '325 patent to Smith previously cited. Therefore the sub-ject matter of that patent

25 isincorporated herein by reference. |

Looking now to Figures 1 and 2, the pin 14 has an elongated pin shank

. 40 which terminates in a head segment 42 at its rearward end (the blind end of fastener
10). A plurality of annular pull grooves 44 are located at the opposite end of the pin
shank 40. A knwrled or splined connecting portion 43 is spaced rearwardly from the pull
30  grooves 44 and is édapted to fit within the reduced diameter head bore 30 with a
preselected interference to thereby hold the sleeve 12 and pin 14 together in a
preassembled condition to facilitate handling prior to installation. The leading section




25 fastener 10 is shown in a preinstalled condition and | 8¢aed%% aligned
openings 16 and 18, in inner and outer workpieces 20 and 22, respectively,
~which are to be joined together. Wrkpieces 20 and 22 have a conbi ned

t hi ckness representing the mninmum grip or mninumtotal workpiece
‘thickness for the fastener 10. Figure 4 shows the fastener 10 after
installation and securing the workpiece 20 and 22 of mninmumgrip. 30

Fi gure 5 show whssofsast ener 10 in the installed conditi ggrkdRsMPr kpi eces
20" and 22' having a conbi ned thickness representing the maxi numgrip or
maxi mum total workpiece thickness for the fastener 10. 27 June 2006 WD
03/ 058078 PCT/ US02/ 38736 -5 Looking now &o Figures 1 and 3, the holl ow

- sleeve 12 has & gen . i hank. 24. of .a uni form out si de di ameter
“Do ‘whi ch terninat es%gfﬂelhigcs’mﬁ%lri%r%gémed;ta?acﬁlﬁa%%]ﬁl%@‘rﬁ]%ﬂj@&?% ghportiphe
enl ar ged head 43 duto thireihcadglianfetet bree 31 ot r udi ng type, has a concave recess 27

adj acent the shank 24 t I earance wi.th.1he outer edge of 5 opening
18. A bearing ring pqrtlﬁg%rr%#ge?%or&n%r&?gjfceﬁ%‘)fctflef]%}'&rﬁ%’?’%gﬁgic bepfauter end
of the recess$iZp P moniddrenicarancean gightinerferesd mfith de retundd drmeat DRBE heh® be

descri bed, sto hm t ' C sli e Wwth the engaged surface
of vvolr kpi eg e 5 gﬁ)ﬁ 1%%%(511614%%}%%@ Sogﬁltggﬁtsgaélﬁ(q{) F‘Frplli((%‘%g %tﬁnéttme&??cﬁ?%%l es ;
shank -bor e 28 fasilitaie initiabinesrtom obhe pinistnk df inbniilsbaeibst antial |y for the |ength
of the shank 24 and 1049 sl eeve head 26 with a

ni,cates nroxinmate th
 head bore 30 of a reducedﬁg:ﬂ%ar?%%nrmt : W‘ﬁ?ﬂﬁi PPUFRe¥tdh shoul der 34
i s defined at addptsd pafiictughewitiin thh autbr chdoBth@@iland disineRr Nedeges wikaget er head
bore 30. The . erm nat. t..its .opposite, outer end in a
t aper ed,. counlggr%@t%ﬁ%)%%?%%osneaﬁ%u%ﬁimgll?ﬁcageé[%dlﬂf&gG%b‘i?gtethﬁt%“dﬁé"“@é%ﬂ:?i bed. In
this regdPd s efaglienatdr Dsawkich isfvithine ringPezhity IpRIok 1A BReRK AN HS
rearwardly th . r Qxi mat el alf t t hj ckness, of _the sl eeve
shank 40. An Fél(rélyl’.iggrhgle et%?%ﬁgg?eq@ﬂfee ngt"gggsﬁ%gf%?%ﬁ fﬁ‘? giectiop dBgkthg o j s
shown in Fi gewide BaionPh isstapetedt@fcilimtesdia isbaién $Mie: GidePoBibosy Wiahn 34
termnates in I i [ rearwardly. _jnclined generally
frust o- coni cafh@é@%%@%éh a\%ﬁﬁ%ﬁ% )sinsteﬁ‘ﬁ’é lsﬁz{eqﬁﬁ%éﬂlﬁaé?ﬁlbyfmﬁﬁﬂefeﬁéoqn% ally
confronting pomkpationds 4 ke oleeed of slidve shlek tokerBy MoStwil thhianiAge. 34 is 20
- further separ for. radj al L.y .confrontin ortion of the sleeve 12 by
an annul a?PsI'ig%e%éeg t%téﬁgg}?’ceuﬁedggh%gicwvm\%?rﬁ& i Bsdedyreddianetsy t h t he
reduced di anetoes 30od éhe3ide portiatwsih the biaget @sindidrahank Bere 3¢ paviahaw! der 34 on
the sleeve 12, in 14, to be descri bed,

are substanti ;?i?é)i}l ag aeI n@%ﬁ%*ﬁ%ﬁﬁ%@%@&%@ﬁ& qtl%oﬁﬂéha@%%@e nt to Smith
previously cifemeed chirserambpertivhis «fthejeflateeditiré 29, of that patent 25 is
I ncorporated herein b yLo'b%];lg oW o Figures 1, 2 and 2B, the pin head segment 42 includes an
20 elongated reduced diameter gripping and retention portion 48 which extends rearwardly
from the shear ring 46. The gripping and portion 48 includes a preselected number of
Tetention grooves 50 which are separated by retention crests 52. The retention grooves
30 and crests 52 extend annularly.
The diameter of the crests 52 increase in a rearward direction from 2
.~ 25 diameter De to Dee to define an outer surface line 53' extending at a preselected taper
angle A. At the same time the depth of the retention grooves 50 increase in a rearward
direction whereby the root diameters decrease from Dr to Drr. In addition the piich of
- the grooves increase uniformly from a pitch P at the start to a pitch P' at the end. See
Figure 2B. At the same time the width of the crests 52 incréase in a rearward direction
30 from a width We to Wo'. The tapered structure of the retention portion 48 with varying
crest diameters Dc, Dec, root diameters Dr, Drr, crest widths We, We' and pitch P, P'

resplts in part from roll formation on a relatively straight blank. However, it is believed




Looking now to Figures 1 and 2, the pin 14 has an el ongat 88Jge#08hank 40
‘which termnates in a head segnent 42 at its rearward end (the blind end of
fastener 10). A plurality of annular pull grooves 44 are |ocated at the
opposite end of the pin shank 40. A knurled or splined connecting portion
43 i s spaced rearwardly fromthe pull 30 grooves 44 and is adapted to fit
‘Wi thin the r@adusessodi aneter head bore 30 with a presel ectreshzisiser f er ence
to thereby hold the sleeve 12 and pin 14 together in a preassenbled
condition to facilitate handling prior to installation. The | eadi ng section
27 June 2006 WO 03/058078 PCTI US02/ 38736 °-6 43' of the splined portion 43

is tapered to Lbi initi ertion of the.s ortlo 43 into
the reduced dlt%ﬁt%l eF'te grmecI Wm‘lal i’ sa?sgsé??%%e%saﬁgﬂreﬁ%lﬂm %‘ﬂ rests of
“the pull gr oomystIm&mamﬂthgﬁ@ﬁaWdeserMmoqaiiMedEra)rcdnﬂatc&lageencrbstsl i ght
interference VEPW@I bore 30. .Thus the outer
end of the pi \r{iﬂ ete}ﬁg%gﬁgﬁg%?%%lsw(\%ﬁt h* a tagaSB sec FE ihe?ro
facilitate i nlsfirengtlh 0 rsieirsh¢aong fthettirgnitida oﬁdﬁp@hédfdﬁe mniaaxeshhnﬁlthe)taﬁersm The pin
head segne t I Y ARl 4 ich is to fit
snugly wit ﬁ% %%%§@¥9%ﬂ O?V@he%%ﬁ %rgeéﬂs?ﬁéﬁ G PIoRtte e@@%ﬁvﬁgﬁg bore 28.
An enlarged dicasts@efeedtigms 2B.i ng 46 is |ocated i medi ately adjacent the
gui de portion 45 10 an net.er i thin range
slightly less or sli gh??ygmc?vfee%ete (? OmoPﬁgsscou egtle%t ﬂ%’ §A 5 %f t he _
sl eeve shank 'a’lmighswﬂ{:pcgmneﬁ@@mhﬁs df@althnier Bewvhicloi leﬁ5ﬂ1am&1eﬁ1hﬁete1g1uaﬂe portion
45 i s taperedt faC|I t at in r on of t uj de . ti.on 45
within the |5hr“'§é F%ﬁ%t%raﬁdl t%é%%deepo ﬁscgli’l}eftg iﬂ%siﬁmé gfa?cwl tated by
t he t aperdd C@ﬂﬂhﬂmﬂyﬂmB*mqﬂmmmmmE&B$hﬂhm§hemmkbammeﬁﬂnﬂEmﬁéﬁﬁMﬁuﬁhank bore
~28. Now with he.sl.eeve 12 the splined
connecti ng po??ﬁ%% g“ﬁ%d gg%ﬁge%ﬁ@@gﬁ ?%8Q§Wﬂ¥éﬁﬁpwﬁ§h§U|de
portion 45 i nsﬂemgmﬁameﬁmzebfmamwmm& &&nﬂﬁhﬁdeﬁgﬁldﬂﬁe sh@esi red
al i gnment of the shear r.in | ns nd of .1he oIIar nk 24 and
the 'tapered ggﬂﬁﬁ%ﬁg ﬁ%¢ﬂ%WFP§Eg%gb%¢%?ﬁ ﬁ?ﬁ?ﬁg%“% %m?§smf% %ing now to
Figures 1, 2 pindh2B40 tvitkapéoveratl dmethdagTentan dizwlanpin uide shoatder 556 diinsigat ed
reduced di,anete ri,ppi rete i o artio whi ¢ ends rearwardly
fromthe &%ea?’y Fﬁ’ﬁcﬁl}é.c’?%ﬁgm er‘?%tﬁ’lnné alédr}ag%?lﬁ“%ﬁo 8%13 sﬁ%%ﬂ@ % t esel ect ed
nunber of rew@mmEmﬂmgwnwwﬁgmﬁ&uwmmﬁmmﬂma@ﬁ@ﬁh@mﬁﬁmhywﬁﬁment|on crests 52.
The retention, gr.oqves . nd.c ts ex d .an uIarI j anet er of
the crests 5210%}@1&5‘ saélsi‘?go erpé%{ﬁ%feéq(g% F@B‘{l ?@n Afang‘rﬁ%? gﬁ@ﬁer Dc to
Dcc to defi nedsfinediytBranmildrfomoe: 1bdared Lﬁﬁemaeiyandkmgle@ﬁn@omaﬁﬁks&t&d t aper
angle A At e o RarkhSraT O fehs Seech i SE SRS AWE R Sl 1o €B5€ 1
20 . portion 43. The shank portion 57 includes an annular breakneck groove 60 which is

located forwardly a preselected distance from the lock pocket 58 by a shank section 63,
~The preselected distance is selected to inhibit distortion of the lock groove 58 in
. Tesponse {o the application of the relative axial force for installation of the fastener 10.
* The breakneck groove 60 defines the weakest section of the pin shank 40.

25 The fastener 10 is adapted to be set by an installation tool which can be
of a type well known in the art and hence the details thereof have been omitted for
simplicity. However, it should be noted that such a tool has a chuck jaw assembly
which is adapted to grippingly engage the pull grooves 44 of the pin 14 while an anvil
engages the enlarged slesve head 26 which is in engagement with the outer or accessible

30 surface 65 of the workpiece 22. Upon actuation of the tool, the jaw assembly moves
axially, outwardly away from the anvil whereby a relative axial force is applied Eetween

the pin 14 and sleeve 12 to move the pin 14 into the sleeve 12.




di rection whereby the root dianeters decrease fromDr to BfPU"e2A0%dditi on
the pitch of the grooves increase unifornmy froma pitch P at the start to
‘a pitch Pat the end. See Figure 2B. At the sane tine the width of the
crests 52 increase in a rearward direction 30 froma wdth We to W' . The

© tapered structure of the retention portion 48 with varying crest dianmeters

Dc, Dcc, rootwalismssetsers Dr, Drr, crest widths W, W' anrdrpstciid, P

results in part fromroll formation on a relatively straight blank.

However, it is believed 27 June 2006 V\DSO 3105 8 0 7 8 PCT/ US02/ 38736 7
. that the increase in crest width W, W'®Tassists in corrpensatlng for t he
increase in radial pi I r A Gr

. dianmeter Dr, Drr and |\r?gl]éeg%g&%%eégégéf’%%grggrfe%)@ra%%g?tgﬁiﬂeﬁ%%ﬁné |ncrease in

wi dth We, We' shéasongibovilldepulked itoriee m&aimtesmbores&%raeﬁtgbhtelte@d pEbe st

shearing as t L hyde . é\g taper 53. 5
~In this regar %ﬁfﬁg@mﬁ%h?ﬁ%aﬂ%m“ %J%%g#}ﬁ{]%%?ré’n tdl on the arcuate
root 50 with tdubvartﬂ)rfeé'mmem%edﬂﬁhgshame@&dmSQrﬁammﬂdies&télnbhmh portion 48"

: t t Kk [ 4 _which i
of o i anetor Fed (e Ry e 68 avtio o e Bhlon FUAE R o up e il O L5
I'n addi tion -t weblidisile wockpicromrid® s Inghin rgertdtkhvdd bévertaltba therfistogerd@ Wi th 10
substantially | ebﬁgcgglgghl%%; E%%vhe?*%%m%d% Q:Ees%%nk portion 54 and gui de

e

portion 45 t her I ne an ar shear p substantially of the
di ameter Ds thr ough thé‘hemﬂre&yomrngcuﬂﬁmﬂihmﬂm&ofthmgleﬂrﬁmg%mf a width W

whi ch defi nes NALdN @I e %111 de.p 45 and
| eadi ng secti oalr‘lt]%gﬂ'? re afltagﬁgs I ahnaelgdg tt%qr{)ee—eﬂ 7o unk &rt'ﬁn with an
overal | | ergt htthé end'blﬁtlsslaankhmasﬁamhmenmstiabmowhxantlo(ﬂﬂne sﬁrm@eﬁtoﬂ:@d 15 by
Lhe Juncture olrRerflbdeuPPid fo A7 AN Wi B SHA.o? O, TG, St OP

shoul der 56 has® “an &n sur ace wh Eher al Pafar™s Fn a pl ane in
guadrature w mtmhle&onithmgmmddoﬂhelmxeBt@(fomrhatsﬂq:@oqntmdﬂ Iﬁ&Meg%hﬁﬁe 2 and
2B). A lock gr A uI ar ve | ocated

i medi ately adj acg{r%tpr esal%ltawe?wh%htm" Oﬁer%éfac%\ %?hai‘ﬁ‘g' ngot h shank
portion 57 extvétﬂdb,ythemnemga@ﬂmmwmhlbpmrﬂh@moﬁ&eﬂmdtﬂelpmlstphﬂsheahﬂ@ portion
43. The shank Iude nul ar kne 0 which is
| ocat ed fgrgvvar‘tgfontnh‘%s}mg:ﬁe %146& mﬁg%su? X rﬂntgﬁ?lsq Eﬂd éfmkgi? "by a shank
section 63. "E&etamosis@iremded:thttmreaebhmissielsmfabe@hdfmawdnkﬂmwz@l’ﬂtwrti on of.

t he | ock groovg Q. t.-he ion.of the r Y£ axi al
force for insta qvg?’bﬂfor a%&%r&%?%éplgnlgmﬁ%% ﬁzﬁg é‘“ﬁm%li?k ?"Ig cEQBO defi nes
t he weakest S@@Eﬁhﬁﬁt@ﬁr@i&h@e@nm’d&ﬁﬂploﬁ& Xhﬁeéaﬁsh&:ﬂ&heshﬁpdmdapt ed to

be set by an ipstallation p no, in the
~art and hence ]tl%'ué et%qmﬂ%ﬁeorfglg 2%%1% gﬁf%ﬁwgfﬁg‘még‘t
However, i20 sh@mhckme:gagmdmﬁﬂhemmbrlﬂmﬂadésum@aﬁmthekdmoaﬁvaﬁﬁserrbl y '
. the through bore 16, At this point the tulip shaped blind head 61 is fully formed and

—h
-»-

- further movement of the shear ring 46 is substantially blocked.
As the magnjtude of relative axial force increases it reaches a preselected
magnitude at which the shear ring 46 is sheared from the guide portion 45 and straight
.25 shank portion 54 substantially across the shear plane Sp to define a central opening br
bore 68. It should be noted that the shear ring 46 is connected to the guide portion 45 by
relatively small fillet radius Rf. Thus the fracture will be initiated at that juncture
slightly above the shear plane Sp. The radius Rf is provided to preclude excessive stress
concentrations which could possibly result in premature fracture. Now the smooth
30 shank portion 54 is moved through the shear ring 46 at which point the retention portion
48 will begin to be moved into the sheared opening 68 of the shear ring 46, As this
occurs the first groove 50, which is of a smaller diameter than the shear plane Sp and




~which is adapted to grippingly engage the pull grooves 4426{u"eR@0%in 14
whil e an anvil engages the enl arged sl eeve head 26 which is in engagement
~with the outer or accessible 30 surface 65 of the workpi ece 22. Upon
actuation of the tool, the jaw assenbly noves axially, outwardly away from
. the anvil whereby a relative axial force is appl i ed between the pin 14 and
sl eeve 12 towoayesst@e pin 14 into the sleeve 12. 27 Jungc2eQe;Me 03/ 058078
PCT/ US02/ 38736 -8 When the relative axial force increases to a

" predeterm ned magnitude the shear ring 46 will be pulled into the Iarge

di ameter shank bore 28 at the outer end%ef the sleeve shank 24. This
causes the sleeve shank 24 in that area to expand radially outwardly to

form an enl ar Beer ¥dhs Perirsficy thsisheseringedgawidl be maged jntp (thsshessdng 460 &0l i nd 5

head 61 when:fhi;-n@wrystSpwmmdweﬂmfgenﬁAnmhweﬁﬁéspﬁlﬂﬂedces&éect' on 66
at the inner or_blind side workpiece surface 64. his regard, it should

be noted that ORGH@gP%%‘t@’FQPMI’Bg%a’H“EFé’rW@@de@%WEWWR sfher e bot h
sides are. aCCﬁﬁﬁée@fﬂ&eoﬁ%ﬁ@dﬂf&Ekﬁém‘}H}gQE @mmbﬁmn%&mftﬂe%teﬁurﬁfuﬁﬁ& 62 of the

shear ring 46 is_ arcuately formed with a radius whi ch along with the

t apered, counf&FlFPRpe T 815 parstop shoulder iﬁr@g?émiﬁh%ﬁleeﬁ’héto%@aﬁﬂﬂ@ér At 28

facilitates Iamstpbﬁ{therm@ﬁﬁram@fsleév@@toﬁﬁﬁaﬁer@hmﬂeﬁmaaaaeyzh%m% e 28. The .
shear ring 46 in nmoving into the shank bore shear of the

material fr onﬁbPﬂéerééP’é?théFﬂﬂk B?"kﬁtlﬂ@%‘?ﬁg@ﬁ@w}#@ fﬂ%h@nmavmmfrthem HWg 67. In
~this regard tﬂ@ﬁtwé’t@ﬂie‘éﬁeﬁam%ﬂ)yé ﬂﬁe@ Nﬁ@éhﬂ@iﬂde%ﬁ*ﬂﬂ%latﬁé GHAlG OUt er

surface 62 on the shear rin ereby the shearing action is not

i nhi bi ted. ThElliiRedAE mepni %atﬁfhwhiwpﬂﬁhméiﬁﬁéﬁlw?ﬁgﬂi@fﬂ@bmme%ues unti |
the shear 1§i ngodtl 6iVitdind REIBMBPQipletdaNg 67 is |ocated in the shank bore 28
at a position proximate to the rear or blind side surface 64 of the

wor kpi ece 20. The relRuringéhegnqvament pfthercispisinipertion 68 addiiopslanes#f thad sl eeve 12
clanps the WokkR|RGRBvEG0aR refAtion! c%@%@@fﬂ@%g&atﬂfeﬁ%ﬁ%%@&@% Qért ude of

clanp load. At the sane tine, the support ages the inner
surface of tH&edpeBigweshaild %@W@le%tﬁwlﬂh?éh%ﬁmhrpﬂdbdcpwwnmﬁ' izore 66 20

which is in RS Em I gand the
adj acent ar egﬁf%f&gﬁg&gtf%sm%ﬂl}é}h@%%?e 16. Qﬁ'&) &tv&ﬁ?%wg%ﬁ%ﬁ% iéeﬁglﬁ ‘?‘%‘ shaped bl ind

head 61 i & fufiigye ¥ Bewing Gafestenei)Oin e mppvemenp opborkpiecedhidaiessr i ng 46 is
substanti al | yooRli@mkats %F%M'Sﬁ%b@&eﬂ‘tﬂtﬂen\ﬂnb% omteggg& dl ncreases .

it reaches a preselected magnitude at which shear 46 1's sheared
from the gui d&stga? Weé%ﬁ“’ﬂlse%ﬁ@ae%ﬂléh@hwﬂi@ﬂ@hﬁﬁw;dmmu@ﬂ@ubst antially
across the sheahi R8s R rBEHbRFicRs CRM:L Abar® Q% It should
be noted that the sc1ear r ;\)g |%ﬁlgo%necte bar &EBH}Q{I&& |on 45 by

“relatively srfffoperlDcanghe SPJ&ERVGIQ’VREdWn@vﬂhemmﬂmletemdnlgrmeﬂﬁmand ated at
that juncigir gk ghtly above the shear plane Sp. The radius Rf is provided

to preclude excessive stress
Thus in the minimum grip condition shown in Figure 4, essentially two

of the retention crests 52 and one retention groove 50 will be operatively engaged with
-the shear ring 46. Figure 5 shows the fastener 10 in the installed condition with
~workpieces 20" and 22" being of the maximum total thickness for the maximum grip _
'25 - condition of the fastener 10 and with essentially all of the retention crests 52 and
retention grooves 50 having been engaged with the shear ring 46. As the crests 52 are
- moved through the shear ting 46, they are essentially deformed or folded into the
adjacent trailing one of the retention grooves 50. At the same time, however, there will
always be at least one retention crest 52 remaining on the outer side of the opening 68 of
30  the shear ring 46 to provide retention of the shear ring 46 within the blind head 61 to
ncrease the strength of the blind head 61 with the clamp and lock section 66 against the
rear or blind side surface 64 of workpiece 20. In this regard, there could be a slight




concentrations which could possibly result in premature f2&d4nafe%% Now t he
-snmoot h 30 shank portion 54 is noved through the shear ring 46 at which
point the retention portion 48 will begin to be noved into the sheared
opening 68 of the shear ring 46. As this occurs the first groove 50, which
is of a smaller dianeter than the shear plane Sp and 27 June 2006 WO .
03/ 058078 PCWoWI003E8736 -9 hence of the opening 68 in teheushesss ri ng 46,
wi |l be noved into the shear ring 46. Now the first crest 52, which is of
a dianeter larger than the shear plane Sp and hence of the opening 68 in
the shear ring 46, will be brought intolfg‘ngagerrent with the radially inner

. surface of the opening 6§ . of the shear rin . Jhis movepent of the

" retention por{ e’%’a‘ifgmvﬁ%me%@f‘?tgiﬂﬂggﬁﬂﬁ“lrg‘gég%ﬁtﬂVEEcEJ%"ée HEHR 56 engages
. tﬂe Isl}leevgllst @:{a?ts{s)mtmm@arpgﬁgstmeﬁuh e vEithi the iﬁﬁbd@hlgﬁhﬁllemwgﬂgadssi&fonémt]|ﬁ=| eEve SL op
shoul der Wi .be nov t he pin st shoul der i.nto the |pc ocket
o oove. 58 af { EFETHR ST TSRS B fioh Poeon e fPerehy BPufeAoalt ne
s lelev_e 12 Wi | JochBetféRREEn éMWskh\Aﬁ_lﬁﬁ;gﬂiﬁiﬂdéﬁmﬁsiﬁfaﬁtﬁ ozgkﬁﬁailidﬁ)blﬁl&ﬁ &t fo;I ce .
will increase_to a magnjtude at whic i n _shan W, e severed at
The br eaknack Y8 BTl ech dnatiun He b Brq wibetmpiariit = Wi Bg  he
novenment of - t kiRad 1@iz@pérdiQ 63l tn® i résRicihpliptin@hak i0dngse @fto frbdde ret enti on
grooves 50 and_ retenti on'(f:rests 52 will be operatively engaged with the
shear ring 4BIGEOYIPEEIORIIERY 5 Show the fastener 10 in the final installed
congi tion wih_t hkFi gure nﬁgdai_ﬁemiheggéetllgghta@h@ﬁegtbk@veiaméhﬁamn?hm gri Eoo'r
wor kpi ece thickness c i.tion an i gur show t he fastener in
t he ﬁaxi mum gPPBObF& Y R %%@ﬂ?ﬁ?@&%{%%@g‘ﬁaﬁ%%mw ?tfgmf”i“gm Fi gures 4 and
5it cgn hehsﬁ%ﬂﬁéaﬁﬁ&sﬂtﬁl@e mﬁjfiéﬁﬂ; '&ft wﬂ@@y%&m'ig&é@ipieteﬁxroﬂstnﬁhﬁ%g&aw ?lt ively
engaged with the shear rin will var ependji ng _upaon the overa '
thigcgness or EPPPJB%BP‘”F‘E@a Fhl?ﬁ]i‘cé’i:%.46lﬂi‘?¥?‘q‘rw @é@%%&ogﬁétoo@‘g?lﬁ’ll grip range
of the fasteagbndifle dewe BRnSB, 86 kipided phifivh Sthdileaps MhlctiaRgll bailientBr | €ss
retention groov.eshgcg and 20 crests 52. Thus_ in the mninmumgrip condition

shown in Fi guPEngback iz parially tadiglly igyandlydo pidn p theprqing A toeghagioe the e

retention grogﬁégﬁﬁefmeuhmpaldqmrsaﬁibﬁ/sﬁ,y engaged with the shear ring 46.
Figure 5 shows the fastener, 10 in the installed condition with workpieces

20" and 23% being of tHePeRAR MRiFDEBTIZIe hindidrihet terhiar o ittum grip 25
condi tion of . &lgorf MeteRAN hd Braid ivbrdohreRSHonihit8d dimkdote 28edr BR 1iRE &Nt i on

crests 52 and . retention 6%r ooves 50 havi ncﬂ been engaged with the shear ring
46. As the cregfsidgsutpes 63l o rahialy grpapdibe shaaphank frtradiglly quedlar e
essential |y defrarsegeapincd AleHed VatnRed ME sl ERERM addiRitoleR 85 #RG6GH t he

retention grooves 50. At the same tine, however, there wll always be at
|l east one ret@ﬁ‘?‘?rbﬁ’freé?eég?s“@%gm@ﬁ}ﬁfﬁt‘?ﬁ'&' Ignhl%fﬁiﬁdeWGQa%ﬂéfmﬁﬂ@P?%eni ng 68
of 20 - ring 67 will be compressed to partially flow into and fill the area between the pin and

- slesve bore 28 to expand the sleeve shank 24 in that area into engagement with the
- workpiece bore 16. Although this expansion is limited it does further enhance the
- strength of the clamp support and lock section 66 of the blind head 61.
In the movement of the pin shank 40 relative to the sleeve 12, the pin
25 . shank section 63 is moved into the reduced diameter head bore 30 and acts as a gui(ie
- for the pin 14 to assist alignment of pin stop shoulder 56 with sleeve stop shoulder 34.
- Note that the breakneck groove 60 and pin stop shoulder 56 are separated by a
preselected distance such that when the pin stop shoulder 56 is held from-fiurther axial
~ movement by the sleeve stop shoulder 34, the breakneck groove 60 will be located
30 suBstantially within the bore 30 in the sleeve head 26 such that upon fracture of the
breakneck groove 60 the outer end of the pin 14 at the fracture groove 60 will generally
| not extend beyond the adjacent outer surface of the sleeve head 26.




30 the shear ring 46 to provide retention of the shear riAgW820§% hin the
blind head 61 to increase the strength of the blind head 61 with the clanp

and | ock section 66 against the rear or blind side surface 64 of workpiece

20. In this regard, there could be a slight 27 June 2006 WD 03/ 058078

PCT/ US02/ 38736 -10 radi al expansi on of the opening 68 of the shear ring 46
as it overengap®msdfze retention crests 52. The tapered pghideisshe W th the
i ncreasi ng di aneters of successive ones of the retention crests 52
conpensates for any such expansion to thereby provide an additional | ook
between the pin 14 and sleeve 12 to enhdhte the resistance of the pin 14 to -
push out 5 fromthe sl eeve . At the sa tinme_the fol ded one of the crest
52 which is within the H%*&%’iPF ed’%*ﬁ%ﬁ@ﬁ?ﬂf@ﬁl%ﬁﬁ??m%dﬂaa%%'ﬁ?i ently

sg(r]I i ng bacE t-@:lia%ﬁgam@e_:oifﬁn HeGoldQ ifd@ed radﬂjﬁiﬁmiﬁ in&ﬁ%@l&bl't Q:Bmfe@i.gﬁ-thig n
addition the close, tight engagenent between the shear ring and support
ring 67 with Fovar i cap g SRR IR tiARs ‘Hﬁ‘?ﬁ%ﬁﬁﬂ%ﬂt@z’ge‘ﬂ?ﬁ\}?ﬂl&?f&&di tional 10
significant repksdaaeesHofldssirfy 3 sl hs 10Risisein SRRl i@ &Ming et ention. In
this regard it ., should be n tegﬁthat gé%%he shear ring 46 nobves into the

h
shank bor e 28 25y Bty Pajeriabsdsientr Yamehayiden sAvillihs spbstontially gizecied gadipi g por ti on
of dt hF'I sl eeve-z'z&mnukandl a'ﬁthdiﬂlr}]ﬁoaﬁ&ﬁiﬂlﬁMéﬁevic?gl&hﬁ@L bﬁ@i@eﬁe@t %Edﬂdérmrt_La| :cy X
radi ally inwar to,grip t shear . ri t 0 enhance the strength of the
clanp and | ocREOSEETIUSRYE .“afg f‘?@“@éﬁﬂ“%&%@eﬂ@ distanpe flopetheprpde st 38ng 5 t hat
the shear ri nghi@litanebphriton 38 UMHPOE: tHelriGAlO Towikd H1dRE a&loh @€k MRtelifl ENgagement
with the shanﬁﬁbore 28 near the inner o i side surfaces 64 and 64' to

blind
radial |y expafy sk sop ghay Q§W&WRﬂ?i“#éﬁ#%?f%kgﬁﬁﬂﬁ¥@?VWaF%ﬂFWFI t he

cl earance 19t - tlifabe ﬂ@h@ﬂi&‘&ﬂﬁﬂriﬁs?h@@dﬁ%ﬁﬁ@l&&e%ﬁ anRlidehe R{ @8 16 and 16’
to further increase_the strength ? the fastener 10. In this regard, the

material of tFEEdycpgpating gorfipmef theslesys 12 ne conpressed to partially flow

into and fill the ar eaTﬁbe&fom_rbeH&%ﬂriﬂloﬂ‘]ﬂsle&e@@ﬁ%oﬁﬁ%ﬁﬁ@seﬁé@te@xpand‘ the
sl eeve shank 24 in that_ area int ngagenment with the workpiece bore 16.

e
Al t hough t hi s“’&'@ﬁ%méli‘eo"ﬁl"i@Oif‘Fhﬁil%cggw e%&&@%ﬁ?l@k%ﬁ%ﬁ‘c@u fle strength of

the clanp supp@kbhntRiyfilled 6kl 584 toPenddBorafe fith Bt WillibB GofiRadh Bddesitda t he novenent
of the pin_shank 40 relatjve to the sleeve , in_ 25 shank section 63

1 12, the pi]
is moved ilft oloPHien pEgtrleEhe BatEllet condlep oK Laguciitnt Biteeak ot bealgarckle  for
the pin 14 t 0gdEs40okeudd Wi BB ble&t hBldn6S TRAR dROkE of s128e Whp ShoBltgaye stop
shoul der 34. Note that the breakneck groove 60 and pin stop shoul der 56

are separ at ed™pigh i sepgieied dredhergmpindy afBesiesye 2 b teandrrdpottion apd 9t 3% op-

shoul der 56 i g ghRltly Equart brdrbdd@ ihad fledblumdBYLHRD to MYt DK SRR 284 OP
shoul der 34, the breakneck groove 60 will be |ocated 30 Substantially

Wi thin the bofdrcgbprenbiwendicai ¥ mdsgeve d2-stidhe eratimgpbhadal keethet of the
‘20 slit 38, when utilized, is limited to inhibit axial shearing of the sleeve stop shoulder 34

~and/or the impairment of the pin stopping. fimetion,
The sleeve stop shoulder 34 as separated from the remainder of the sleeve
12 by the taper and slit 38 is generally located within the confines of the enlarged sleeve
head 26. The sleeve head 26 provides radial stiffness and resists any tendency for radial
25 - expansion of sleeve 12 as the stop shoulder 34 is deformed into the lock groove 58..
* Thus by locating the sleeve stop shoulder 34 substantially within the confines of the
sleeve head 26, such radial expansion is inhibited, The radial confinement of the sleeve
12 by the workpiece bores 16, 16' and 18, 18'is not essential. In fact, the fastener 10
could be satisfactorily installed with an adequate lock where there is a substantial radial
30  clearance between bores 16, 16" and 18, 18" and sleeve shank 24. In this regard an
clement of the unique structure of the fastener 10, to be described, provides a desired

magnitude of bearing stress with the engaged workpiece surfaces 65, 65' to substantially




br eakneck groove 60 the outer end of the pin 14 at the fracdueédroove 60.
w-ll generally not extend beyond the adjacent outer surface of the sl eeve
head -26. 27 June 2006 WD 031058078 PCTI US02/ 38736 -11 As noted the sl eeve
stop shoul der surface 36 is inclined to assist the material thereof to be
folded or noved radially inwardly into the |ock groove 58. In this regard
t he engagi ngwouwshsaee of pin stop shoul der 56 is orientedcretatizwe to t hat
of the tapered sleeve shoulder surface 36 such as to assist in the
radially inwardly folding 5 action; thUﬁzthe mat eri al of sleeve stop
shoul der 34 will be substantially direct®d radially inwardly and not

radial Iy outwandlyg. i | der 34 can
be annul arly separ a?ﬁ%e‘?S&\ﬁc %%iapﬁ%na Ip 8@%‘2%{03 %%Ee(‘:’gma ong the
annul ar slit d8erentRhipsmdlock Stnmh@epuﬂ@hdlwﬁhéﬂvewmade@s 12helpmabi. al |y i nward
fol ding action of the gm &?ISe's@éné’JmFleﬂgszls ggﬁ&@%&gﬁ?ﬁ@é&%&mﬁ?éﬂto t he-

| ock groove 58. O course, the eeve I nes the
initial radi abf®qunébntb€mamb ﬁnﬁé‘ormlfelan@n@ngfpmdbnmﬂhidemeaghbﬁndmme radial ly

confronting p &t&gﬁi’%@rﬁéﬁ%\fﬁﬁé enar1§. Vol ume of the material of the

sl eeve stop s ecte rel’ative to the volune of the | ook
groove 58 such that t h8 cindelseqyy Gepvke dBnppind lockhsectio i stitlrihe shbdr ying 44k ed and

axi al novenen L8 ocation
generally- V\heinlte% ygtrﬁ%%e?dl]bconcsiﬂd% ?%%ce?ggﬁf?&@% . uﬂ%ﬁk%&@m@r‘f break at
breakneck gr Bweeahmwwssnwetawﬂlrﬂl&tamee Bonethy elaip andl 126 seélﬁméﬁtdibe vol ume of

sl eeve stop s f t of the

‘sl eeve 12 by pg&kga%seh?e ?ﬂ%n a?@&%ﬁ]ﬁﬁ%% fh%g}nc{e}geé?a“ &]ecej'g%al to or
greater t--Han fahtenevmwﬁﬂethne@blharwuaeménatvthdetghgrdngnzinclgdmgwmlrﬁtﬂlzahd adj acent
area between Hﬂ& ) | | length
of 20 slit 38 Bngntﬁl I zec}EA ‘F?r%ﬁﬁ?ceﬁk?ﬂlggt%?a%ﬁfeg%ﬁ OHRE%%F ﬁg of the
sl eeve stop sHouoi pheonF4 1sramd:¢uoﬂrd ﬂttmaeifcurpethﬂ'axmhlengﬂflhtm ngidmsightippi ng
function. The St 4 t .h nder of

t he sl eeve %r%%gﬁlfaﬁe tvggtgﬁﬁan&&%a? %%%tg%g%%rsa ﬁ’?tglé %H“Er”%hl n the
confi nes of t#ism}g&&gé:daughteﬂveonmemmﬁﬁrsﬂdmtﬂ\aﬂlmnhmmoﬁﬁlqnmfw des

radi al - stlgfn SS. a%lé a%%%hseag‘ﬁ] tendency for radial 25 expansion of sl eeve

12 as the stop *8fi6 af ormed into the | ock groove 58. Thus by
| ocating the sl eeve stlnpﬂsfmuloﬂmehﬂﬁhﬁsmthspmﬂ#hxaidlepvwzmmmade@fconfi nes of

the sleeve hgad 26, .such.r.adi. a Lnhi bite The _
confi nenent o%% em‘% %%%%f%4q%ﬁgm%é%gﬂg%&eﬂ f)i?mn g\ar so 8, 18" is
not essenti al Rodkwelf §46-42 pinighé asivehbl:mmg@nad@oﬁﬂldoﬁmwesthmgfaamidwss biy instal |l ed

wi th an adequaf.e .| Wbcejg nt.i.al Olclle ance
~ between bor esgﬁlgld R%@& an Oe%ft Q@@E réag%réﬂhﬁ Oelﬁge\%/enadshcuo 2%39 513% i 2gar d an
el ement oR0t ha whith ampatitrofi e dulip shdped biind heel 6@ isdnitidte] istgenchdly desded thed,
provides a des' rd%ent of reduced hardness of from around Rockwell B 60 at the outer surface of
--section 24' to the full hardness at the inner end of the section 24'. This facilitates the

-initial movement of the shear ring 46 into the enlarged shank bore 28 and the radial
expansion of the shank 24 to form the tulip type blind head 61 and to preclude bulbing
25 - from column loading and/or splitting of the outer end of the shank 24. This also '
- facilitates shearing of the surface of the shank bore 28 to form the support ring 67 with -
“the support ring 67 being somewhat pliable. At the same time, the annealed material of
the support ring 67 provides a relatively pliable structure which facilitates compliance
with the engaged surface of the shank bore 28 and flow into the area between the pin
30 and sleeve bore 28 as noted. In this regard then the gradient of annealing is limited and
only over the outer, end section 24' whereby the portion of the sleeve shank 24 in the
* ¢clamp and lock section 66 of the enlarged tulip blind head 61 in engagement with the




" magni tude of bearing stress with the engaged workpi ece suff#teg%¥s5 65 to
substantially 27 June 2006 WO 03/ 058078 PCT/ US02/ 38736 -12 inhibit slippage
i-n such clearance applications. It should be noted, however, that
different stop and | ock structures could be used between the sleeve 12 and
. pin 14. It can be seen fromFigures 4 and 5 that the clanp and | ock section
.66 is of subawidntsesl |y the same final form for providi Rgrg@sidikor m hi gh
strength blind head 5 over an extended grip range for the fastener 10. It
~can be seen, that the clanp and | ook section 66 with the shear ring 46 is
literally at the inner or blind side sut¥ace 64, 64'. For the ninimmagrip

condition of _Figure 4, this sults 1n the axjal distance fromthe clanp
and | ock sect ?”8@’@%‘3 Wa?ef#g 18 @F@’é&?@jya@ﬁsgm fugtherfohanges esrignsty

- monimzed. ThuoScldnip @6tk séBopsd)vi de the 10 fastener 10 with the capability ™
of use over a wide grip ran including a mnimzed, .mnipmagrip or

m ni mum t ot al wor kpi ecg‘sPﬁtF‘g%‘?&]ﬁfge‘fﬂﬁg%I}ﬁ’%G has g Gearing rigg porting 24 eit ght

shank porti onofid cirbuniferdhiidl Ze0vhidhiis ARGz iteha s wdign@t frkee g4as made
slightly reater, than i of. the shear ring 46 to facilitate

he width W )

shear. WtH tHPe ths eeRss & proviie glearanoe with fhe gutersios of the Bergneceoptaiped8nt act with
tEe first CresﬁchEEevk&ihbﬁ]:}dmjhﬂuﬁ‘w:ls ﬂ@‘gﬁl@ﬁﬂﬁkﬁﬁfmhﬂ@efa@@neghﬂii,%&%,% after ; -
shearing. In pone rm.of the inventiogn the pi 4 and sleeve 12 were nade
of ferrous n %Y‘idgtfagh\ﬁ“f“ﬂ“? FPBstypLpa p mBéFfﬁ’Qg?‘?a&éPWdﬁs IgPgekhed@E having a
har dness of abeddidl thefglpvrioh 28l ChetbdtePREIkIIER sEHREY¥SIo kakisP ipPste"RURs Of a 1006
steel having a hardness, of _around Rockwell B 90-95. In this regard the

outer end sectrBfhthssneaging sificesidinhsarig agpotion?y issubipmtialy flgeradbn of the
tulip shaped &latdakd @igtknébngitadindlakis X EehelsBe@O NS gbiiYe ARP{AHAE t0 A

gr adi ent of rlggfgced ardness of from around Rockwel| B 60 at the outer
surface of sWEPIRBFTEse engpgompy with the woEmirrewiEface 05 16 the s timafhe widtht e
section 24'. Jihehehafiriiglpaition 29 B8 bedn MiritbBo pfavIR ARALIVE hidh GorthiR@fion | NG 46
into the enlarged shank bore 28 .and the radial expansion of the shank 24

to formthe t¥939 disiputen funtienHalyigeutdteriiog ob e singpation A%mdgiths - from

col umm | oadi ngorpieheQintep 65,1651 MomR kephlOhoreteas 2780 hirdhi 1d heris}Ren3¢. This al so
facilitates shearing of the surface of the shank bore 28 to formthe '

support rithg B tfpfrely Feset sarer phivgng mysebsthgtid anisatede tepicapite At the
sane tinme, thasanpeattad offb ghd gt if B oSk RPAE blathp RiceBFpiRE aMbdes a
relatively pliable structure ich facilitates conpliance wth the engaged
surface of thEXEHeER%2HBE228 and flow into the area between the pin 30 and

sl eeve bore 28 as not eglis bkibvbdthat aheSRE ShrebBPLdING 1R b6Mbn & sgi@eal ing is
limted and only over the outer, end section 24" whereby the portion of

the sleeve sﬁgﬁ?@g%&d FHREPHES ofemamydnera belensdle srongh obthe sricitlef &al ar ged tul i p
bl'i nd heagly 6%vdrkpi®B I2GANRBVidNM delirddhh magnitude of bearing stress. Such a high

~magpitude of bearing stress will substantially optimize the slip resistance between the

-workpiece 22 and sleeve head 26. In this regard it has been found that a bearing surface

area of the bearing ring portion 29 providing a bearing stress at installatidn of at least
around 40% to 50% of the tensile strength of the material of the workplace 22, 22'

25  .provided the desired amount of bearing area. This then results in a relatively high |
bearing siress with a resultant increase in frictional force to resist slippage of the outer
workpiece 22, 22 relative fo the fastener 10. This is especially significant since there is
_éssentially no hole fill between the bore 18, 18' of workpiece 22, 22" and the sleeve
shank 24. Workpieces 22, 22" which the fastener 10 secures are typically made of

- 30 materials such as the following: (1) ASTM A36 steel having a tensile sirength of
58,000 psi and yield strength of 36,000 psi and 6061-T6 aluminum having a tensile
strength of 45,000 psi and yield strength of 40,000 psi. A comparison of the improved




27 June 2006 WD 03/ 058078 PCT/ US02138736 -13 wor kpi ece suff#te26% s
substantially at full strength. This further enhances the strength of
clanmp and | ock section 66. As noted, the enlarged sleeve head 26 has a

. bearing ring portion 29 at its outer circunferential end which is in
“engagenent with the outer workpiece surface 65 5 while the recess 27

provi des cl ewoasieso™i t h the outer edge of the workpi eceropmsoesagisl8. - Such
sl eeve head constructions are generally known in the fastener field,
however, it is believed that the unique construction of the sleeve head 26
provi des inproved bearing between the]#ing portion 29 and the outer

wor kpi ece surf,ace, 6 esi.s this gi ng
surface of t hep %?a?%éa?‘{ lf)%PrP%cﬁ[Pg%g’eS?e\?Lﬁ%‘{%ﬁ%Wg a@’ % dﬂ% din 10
guadr at ur e w bedidcheed.ongi t udi nal axis X of the sleeve 12 to provide a
substantially uniform.surface engagenment. W t es ace 65. At
the sane tinme the widt 1"8;13’&‘?.8“1385‘% §Ver 2:?6‘“‘@6@?\’”‘6%3 8@‘ bgglg P9 inmited to
pr ?Xi dte 3 r telmtblvaetcgﬁrbr?ﬂdroﬁosm&st?td a:rhepnﬁng éﬂ’ﬁ?fﬂ?ts% alhbﬁctanmﬁdsubst ?nti a|6|5y
wi t hou [ i on..0 rti 0 ce surface

65 | it s PRl o BB % ol 1A pSaiiEen BEER R 20 15 w th
a generally tmﬁﬁﬂmﬁpaﬁmmmmbd&knmﬁhﬂhmﬁbﬂ@m&ﬂﬁuﬁﬁ@ﬁ%&%ﬁmﬁmwbﬂﬁ&@ﬁse inthe
area of the ace of .th 29 i e to the
clanp force a%ﬁﬁ%gh’%?%m? ai/%’tsﬁ?}ts&'gtgg ['E’%lg E?‘%'ncarﬂiml g %gﬁ’gg’tpﬁd that a
kggar;ng stresammmpmm@dwhmdhﬁwmw&ﬂm&mwwmmﬁ?ﬁa&?agﬁumﬁgfhkheﬁem?a?ﬁd sggface
' of a magni ne S o e erial o e

~workpi ece 22 %W#¥34 %@?hgﬁ% é ¢§ﬂm- Wﬁ'hﬁ$ 8§m%ﬂmﬁ@§?Wﬁ§f@Fress Such
a hi gh magmi tmagmtmfe of BarihfGresst apsied binihk beaslu@ﬁﬁ@wmﬁlwyhpﬁmtmcaﬁ;mhe slip
resi stance bet F}heﬁgw?rkplece 22 and sleeve head 26. In this regard it

has been fourF& |'ng surface area of .the bearing ring portion 29
provi di ng a bearing st]]tﬂﬁ:ﬁldatsob&lﬁtﬁltﬁa&ﬂxb%kﬁfeclﬁﬁ:sﬁzeaﬁ&tenearmnd 40%to 50%

br ovi ded 1 e THEGTTEAAY IMSAHEBE oHBLH G P s> M S REAPLS B 1 n
relatively hi@ébialbﬁﬁﬁdﬁgnsﬁt}iﬁﬁﬁalwldﬂ'tocﬂ. resul tant increase in frictional
force to si st slipp 0 wor kpiece 22, 22' relatjve to the

f ast ener {1% This is 3@ %“P S@%EFW%F?PQ U censiraction, tially no
hol e fill- betfiseer toffer fbﬁdh@g th8enlakged nelip sﬂ@e&ﬂhﬂqeam,mﬁzughaﬁ&gﬂaw eeve
shank 24. W)rk&eces 22

t he fast S e typically
made of 30 ndl m]éf%mﬁﬁﬁfa%@e “csﬁéew’fqbqﬂi‘%mnﬁﬁjofe‘f‘ﬁ W%&ﬁ@g%‘ftgeé Fhaving a
tensil e strerrgtfkanble ibdn 0Oke&ith adidferyit@reh Fldt@hq tdak ech 36is HOUn pSThe and
. 6061-T6 al um havj n Si | st th of 45,6000 psj._and yield
strength of &S‘Egﬁﬁmp}g‘? g’@éﬁﬁﬁﬁ?ﬁé"@fﬁ » {?%3 ?"n@c}i‘%]?%’ég i;)m f&ﬁéue?é@
20 - Grip Compensating Means. It can also be used with a three piece type blind fastener
with an external lock ring as shown in U.S. Patent No. 4,844,673 issued July 4, 1989 to
James W. Kendall. In addition, it is believed that it can also be used with blind fasteners
- having a swage type external lock such as shown in U.S. Patent No. 5,178,502 issued
-January 12, 1993 to Shahriar M. Sadri.

25 One form of the fastener 10 has a sleeve 12 and pin 14 with the

- construction as noted and having design elements generally in accordance with the

- following charts:




WO 03/ 058078 PCT/ US02/ 38736 -14 sl eeve head 26 and a typi €4/ ErP88% udi ng
type sleeve head is shown in Figure 4B and wll be discussed. Typically
the pin 14 and sleeve 12 are plated with a zinc or other suitable nmaterial
to provide corrosion resistance. The plating al so serves as a |ubricant and
5 reduces friction between the pin 14 and sleeve 12 during installation

t her eby assi stamgssomonsi stent performance. Frictional - abtegsss&an be
further reduced by the use of a light <coat of a lubricant such as Castrol
Safety Film 616 nade by Castrol. Such lubricant coatings are provided
mainly for reduction in friction at thelduter surface of the sleeve shank
24 and the bor es—28—ane-—30—t-hrough—the—steeve—At—the—sane—t+ebecause of
the 10 nmagni tudg of bearing stress appEE€R1Dy the bearing ring gortion 29
slip resistance wTT subgtanit a unaii ecle T snout d_at3o be noted
‘that the |ock mschaﬁ%?%{ f dst ene éﬂ% perforﬁ%’éFa]S pHen 240t ar act i on of
pin 14 and sl eeve.1 2l s rot rﬂ‘iﬁ‘ﬁ “Bpon lnyRee 8Migondt ructi on of

the install ati or $16¢¢ shadi®24 N tdﬁtsﬁelm:‘g@étéil it shoubgle Repidngier stood that the
uni que constructii on of the f@tggger 10 for for rqggg--t @9709nl arged tulip

W

ShaDEd bl | nd hECd 61 Wth h| II bllClIngl bl allp T Ot K—Seet+o6ht 66 can be
used with dther [forms of mechdweleff ThrsehkE at ttJeLeogthefT@ncB.S Forl exanple it
can be used with a different [B&-#0f internal | @30"3@@51‘ as is shown in the
U.S. Patent No. }4, 627,775 1S3 ugld;, %4 D111989 t d D|xon or Blind
Fastener Wth 24 Grl p Corrpen<%b.ng ﬁeg It ca gﬁgg used wijth a three
pi ece type blind fastener vm'r'. an external |odk s sho in U S

Pat ent ‘No. 4,844,673 issued Wﬁthlk,wdlf%&u{g gJalm-ga(WB n addition,

it is.believed that it can al pexiibe2gioep Wi th bliipagichastanar s " hawvi ng a

swage type ext ernal |ock suc Patent—No—51+78] 502 i ssued

January 12, 1993 Siesvedpeah?t ar | Rpariag s OPBeaone Ring Pentien 29 #f3008&pseher 10 has a

sleeve 12 and piln 14 with t he EamdereaefiiBibsas noted and havi ng desi gn

el enents generalfly in accor d?%ga%fgh%m&g@ma&% mﬂgﬁq%&,s June 2006
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10 Height H of Head 26.112"

_ PIN 14
Material 1038 Steel Rockwell C40-42
Pull Grooves 44 Crest Dia. .160" max. Root Dia .150" min.

15 . Splined Portion 43 | O.D. of Straight Section Leadtng Pomon 43' Taper
1630" - .1650" to 155"

Guide Portion 45 Dia. Ds, Shank Portion 54 Dia. Ds.
.1855", Length 11 .053" 1855", Length L .050"

Shear Ring 46
Diameter Dsr 256" | widt ws 033"
| Radius Outer Surface 62-Ra 037"
20 | Fillet Radius Rf - ,0005"

Pin Head Segment 42 | Shear Plane Sp - Dia.Ds .1855"

Retention Groove Portion 48
Length .360"
8 Crests 52 Dia, Dc - Dec . 197" - 204"

25 8 Grooves 50 Dia. Dr - Drr .1625" - .1565"




25 SLEEVE 12 Materi al Har dnessAnneal ed Section 24' 1006 St é&freekifel |

B90- 95Rockwel | B60 M n. Sl eeve Shank 24Qutside D aneterBore 28 Dia. D

Do. 253".1855" - .1870" Angle O Taper 35Length of Taper 35 250-350.030" -

. 035" Qutside D aneter DhLength of Taper .450".030"-.03511 Wdth Rw of

. Bearing RingArea O Bearing Ring Portion 29.014"Portion 29.017 in2.Sl eeve

. Head 26Beari W Bwsses OF Bearing Ring Portion 29 of 30, @00Upgiss7at cl anp
force of 500 I bs. Dianeter, Reduced D anmeter Bore Dh 30.1580" - .1595".

~ Height H of Head 26.112" PIN 14 Material 1038; Steel Rockwell C40-42 Pul |
G ooves 44Crest Dia. .160" max.Root Dia. 150" mi n. Splined Portion 430.D. of
Strai ght Secti op—teadrmg—Portionr 43 —1630*=—1656"t0o—155"1Cui de
Portion 45 Dia. |Ds, Shank Po F%We@pgcfe%ﬁ Akggbine Spéfigt h LI [ 053" 1855",
Length L. 050" Shear Ring 46 HW$ . 033" Radlus Qut er
Surface 62-Ra . (037" Fillet Ra i alaral= - aad < 42Shear
Plane Sp - D a. . 1855" Ret mdmm@emm?mﬂmmmﬂﬁzﬂ:ength 360" 8 Crests
52-Dia. Dc -Doe, 1977 - 204" 8 G ooves b0 Dia. Df - Drr . 1625 - .1565" 27

June 2006

The differences between the fastener of the present invention and the
“MAGNA-BULB type fastener can be readily seen in reviewing the drawings of the
MAGNA-BULR fastener in Figures 7-9. In Figure 7 the MAGNA-BULB blind fasteper
110 is shown and includes a hollow slesve 112 and a pin 114 in a preassembled
condition prior to installation. ‘f‘igure 8 shows the fastener 110 afier installation and
10 - securing workpiece 120 and 122 of minimum grip. Figure 9 shows the fastener 110 in
~the installed condition with workpieces 120' and 122" having a combined thickness for
the maximumn grip. ‘
The hollow sieeve 112 has a generally straight shank 124 of a uniform
outside diameter which terminates at its forward end in an enlarged protruding type head
“15  126.
Sleeve 112 has a central through bore which includes a shank bore 128
-which extends generally for the length of the sleeve shank 124 and communicates
- proximate the enlarged head 126 with a reduced diameter head bore 130. An amuular
- stop shoulder 134, similar to stop shoulder 34, is defined at the juncture of shank bore
.20 -128-and the reduced diameter bore 130. The bore 128 of slesve 112 terminates at its
-opposite, outer end in a flat surface of generally full wall thickness for purpose to be
-described. :
The pin 114 has an elongated pin shank 140 which terminates in a head
segment 142 at its rearward end (the blind end of fastener 110); pin 114 has a plurality
25 - ofannular pull grooves 144 at the opposite end of the pin shank 140.
The pin head segment 142 has a guide portion 145 which is adapted to fit
- snugly within the outer end of the enlarged diameter sleeve shank bore 128. An
-enlarged diameter shear riﬁg 146 is located immediately adjacent the guide portion 145
and is of a diameter which is slightly less or slightly greater than the outside diameter of
30 the sleeve shank 124, A leading section 145' of the guide portion 145 is tapered to
facilitate initial insertion of the guide portion 145 within the large diameter bore 128,
The pin head segment 142 includes an elongated reduced diameter




WO 03/ 058078 -16 PCT/ U502/ 38736 Taper Angle A of Crests 527Jye@A% Li ne 53

/2 Pitch of Crests 52 P .035" to P .045" Wdth of Crests 52 W. 017" to W'
.023" 5 The differences between the fastener of the present invention and
the MAGNA- BULB type fastener can be readily seen in review ng the draw ngs
of the MAGNA-BULB fastener in Figures 7-9. In Figure 7 the MAGNA- BULB

blind fastener 110 is shown and includes a holl ow sleeve 112 and a pin 114
in a preassenbled condition prior to installation. Figure 8 shows .the

f ast ener 110“@‘9&353013nstal | ati on and 10 securi ng wor Kpi e%’rﬂiﬁ% %96d 122 of
m-nimum grip. Figure 9 shows the fastener 110 in the insta condi tion

w th workpi eces 120' and 122' having a conbi ned thickness for the maxi mum
grip. The hollow sleeve 112 has a generdlty straight shank 124 of a uniform
out si de di aneter %\gch terminates at its forward end in an enl arged

protruding tyg glontion peuign 148 whicheexipnds reprwardly Semtheshear Fpmlfgh Thor e whi ch

i ncl udes a sharévdiaoiond s in¥des B pRYRRE BulSR 6f @ﬂeﬁ%nfg%'ovésgg% RiggLE of the
sl eeve shank 124 ggacom’mm cates proximate the enlar 126 with a

reduced di anets@rma Tqhhen orets 1 SAnThedrientiap gf“@‘t’%é%ﬂi’é@ﬁéléﬂﬂleﬁﬁnd sinilar to
stop shoul der aﬁﬂﬂaﬂySI—Idﬁéﬂeﬂﬁﬁlk@%etvhﬁm%'dﬁﬁl%ﬂéfs%f@ifa @Q@&%foﬂﬁﬁ%hmp&;?and the
re

reduced di gnete bore 130. The_ bo 28 of sleeve 112 ter es at its
opposi te, Jut &4 uiY ﬁaﬁ Yardpe dapstessef thpreropypei0dhg djameiirof thapresty W2ckness f or

pur pose to bEand@&ﬁ!és trodre gbh@aiiupifokhkd FARI B tﬁé@&lﬁ@stﬁgafé'apam 140 which
termnates in ah ﬁ (ﬁ‘e%g}ent 142 at its rearward end (the blind end of

fastener 110)¥ thi b gves 1o} 4pd grests {52 apaysubstangipliy af apifosm contoprooves 144 at

the opposite end of theh@grsbvémﬁdﬂfon%@mcxmc@mt&%ﬂ% SR 4 %Eas a guide
portion 145 |ch is adapted. to fit snu%myﬂ/ﬂ1 |nt out r end of the
<]

enl arged di a Wl & Which inof p Glametelgss émﬂiﬁkg@ﬁhwr@tﬁéﬁérlnshear ring
146 is | ogat eslmﬁmﬂélg@ide b{uoﬁdnﬁﬁ%}imétaﬁo%'sﬁ&rﬂfg{l%w\thlu‘b@t gth'es of a
eat er

di aneter which is, slight l.ess or slightly gr an th ut si de
di aneter of 3@@@@@%’%5&%@1}%@@&@% hSéa@ﬂm@eswe@pné% tme)@ﬂydoﬂ’mtahe gui de

portion 145 I&nmmea@ah@thxcfugpﬂhuﬂea&ﬁglﬁﬁ tm h@ﬁ&:&&dﬂ aﬁ%{]e gic}]ﬁ gui de

portion 145 within the |arge diameter bore segnent 142

i ncl udes an efegifgdfR Gfer%é?&%?é@ma?t%ﬁﬁlﬁ%?he pin Sl]@hé‘@ O@Gﬂnw 988078
PCT/ US02/ 387 3fhoulder 156 is defined by the juncture of the reduced diameter guide portion 145 and

15 the pin shank 140. The stop shoulder 156 is generally planar and in a plane in
quadrature with the longitudinal axis of the pin 114. A lock groove or pocket 158 is
defined by an annular groove located immediately adjacent the pin stop shoulder 156. A

“generally smooth shank portion 157 extends from the guide portion 145. The shank
portion 157 includes an annular breakneck groove 160 which is located forwardly 2
20 . preselected distance from the lock pocket 158 by a shank section 163.
The fastener 110 islalso adapted to be set by an installation tool which
-can be of a type well known in the art. Upon actuation of the tool, a reiétive axial force
+1s applied between the pin 114 and sleeve 112 to apply a column load on the sleeve -
shank 124. When the relative axial force increases to a predetermined magnitude the
25 .shear ring 146 will cause the sleeve shank 124 to fold or expand radially outwardly
- adjacent the blind side workpiece surface 164 to form an enlarged bulbed shaped blind
head 161. In this regard, the sleeve shank 124 is band annealed over a shank section
124’ to substantially weaken the area adjacent the blind side workpiece surface 164, 164'
to facilitate bulbing in response to the column load. This movement continues until the
30 bulbed blind head 161 is completed with the shear ring 146 at the outer end of the sleeve
shank 24. .

As the magnitude of relative axial force increases it reaches a preselected




- -17 grooved retention portion 148 which extends rearwardl §7 #48#¢he shear
ring 146. The grooved portion 148 includes a presel ected nunber of _
retention grooves 150 which are separated by retention crests 152. The
retention grooves 150 and crests 152 extend annularly. However, unlike the
~varying diameters of the crests 52 formng the tapered 5 surface |line 53
and .varyi ng doasesess of the grooves 50 the dianeter of r¢hesozssests 152 and
grooves 150 are generally uniform In addition, the grooves 150 are at a
constant pitch P1 and the grooves 150 ]%nd crests 152 are substantially of
4

uni form contour. The grooved portion 1487 s connected to the shear ring 146

by a straight ] I I I f i t he
ianeter of the“crests . In addition e [ poti on S

d 't SR RREA YR kg A e B R o B0
connected to thaek mintiarlS#i Now fhé Giraight khaskipstianitsit & thoved theouglstheshediiringet er . The
strai ght shan ' . and. guli 400 . ' n annul ar
shear pl ane tﬁ?égagg”h@ﬁ%“@ﬁcear rolgﬁa ?ﬁggv%lhge%%ﬁégjeegégérﬁﬁ%r@ %héﬁ%nog | eadi ng
section 145" #e eéheafrrgdhgeith the sirat zd 46 reaninidyet the teteadéf thekleeveshadnnul ar pin
stop shoulder, 1586. i fin he Lun [ o . di amet er gui de
portion 14§ allil%' %glst °§g‘§?“ﬁ°s %I%%nt&%g’?h#ﬂg%‘?@ﬁgﬂgﬁg%ﬁgg@gﬁﬁggps general ly

pl anar and i nshauldérdféengages thealiewatstop shonidenl 3ih ds thisngewruitie maferidief the of t he pin
114. Alock g 0 ' ined b ove | ocat ed
mect at oly ol an e RS ISR o b RS bR A30MI s B5ETC, 0Tk
portion 157 emdckai@gmote Gihaftéreviiphifdéepooiteivom of the pinTlhérdtianto thepbetd on 157

i ncl udes an annul. reakneck. ar.oQve 16 ieh is. |located f.orwardly a 20
presel ect ed d?lsat“aﬁéeesg?prpg‘?ﬂl ‘fgﬁés %"(l:tk ep%a@g%%g@eﬁe;a%gé gs)’%agr&; rcesvgelgﬁcf)eﬁgm& The
fast ener 100 - ios nsgsibida diayitichdhd yon fhenls BI0 volf basevérersdt #elbaakerk grode 16fi ch  can

be of a type Il .knawn in . on_act yation. of the. , arelative

axi al force %Al@ﬂéep%ﬁti&\é%o 08?1\&?\%@%6]?%%@#) enmolvf%engﬁlafhgf%eglv%n pf%fh'? gé apply a :

col um | oad oniditioeal sdtedvregroshaltif ab@dieniiemestsl162 wal mtehgagedaxithathe §hosrc e

increases to a pr termn i tude . 25 shear. .rin 46 wi |l cause the

Sleeve shank EAAPoRERRER BROSHRERS el 1 1o B RRERG Safamuth L ne hi i na

si de wor kpi ecBigse B flaeénglibdfatenef HM the éridnam geglobwdredte tidkpeel bl i nd  head

- 161. In this regard he eve shank 124 is, band anneal ed .over a shank
sociion o cdBliperife Ry el Malind o ki R AR BRTSRABIFS o i o

wor kpi ece surthikmessldodditidit 4t can tleo Heesesnl thit &tedulbuype bl hend 1@ dpons@hdto t he

colum | oad. Thil_s H;Dvement cont i %esfllf'int!ag the 30 bul bed.bli n.g hgfad 161 is
conpl et ed wi t AEPHB 1§ FERPUpaHg copiion pf g § than [ g nyoermury grip eandilenol s ok 24,
As t he magni tEigiee ®éndrimsad moy of umithal cohfigueatioh nedr 6@ ep range. r eaches a presel ect ed

. WD 03/ 058078 PCT/ US02138736_ - na ituag t which.the shear ring 146 is

~sheared fromthe gui d?%?’?f%%%fﬁ%ﬂ%‘?&h @F%S'ﬁ?ﬁr 16 S he'Sredent Hention 9

=20 - substantially and uniquely different from the MAGNA-BULB type fastener 110 both in
-construction and performance. In this regard, as noted, the blind head defined by the

- clamp and lock section 66 is of a substantially uniform construction and strength over
‘the grip range of the fastener 10. This also assists the installed fastener 10 to have high
shear and tensile strength and high resistance to push out of the pin 14.
25 As previously noted the protruding sleeve head 26 of the sleeve 12 of the
present invention is of a different construction than the conventional protruding head
.such as the protruding head 126. A comparison of the two forms of blind heads for the
same sized fasteners is shown in Figure 3B. In Figure 3B the sleeve head 26 is shown in
solid lines while sleeve head 126 is shown in phantom and while the views are in a
30 sense sectional, section lines have been omitted for simplicity and clarity, Thus it can be
-.seen that the outside diameter Dh of the sleeve he_ad 26 is considerably less than the
outside diameter Dhh. of sleeve head 126. The inside diareter Dhi of the sleeve head 26




shank portion 154. Now the strai ght shank portion 154 is rb¥&8 2P ough the
shear ring 146 at which point the retention portion 148 will begin to be
noved into the opening of the shear ring 146 with the shear ring 146
remai ning at the outer end of the sleeve shank 5 124. This novenent of the
“retention portion 148 will continue until the pin stop shoul der 156
engages the wlomevsomt op shoul der 134. As this occurs thecwasess7ad of the

sl eeve stop shoulder 134 will be noved by the pin stop shoul der 156 into
the Iock pocket groove 158 after which further novenent of the pin 114
relative to the sleeve 112 will be stopped. At this point the magnitude of

t-herelativea rce w i ncrease 10toa nltue ich the pin
Shank 140 i 1 Pt begalbbe Sl ordbentan bonterdoPe s B fiee HRe ol 1 bt fon
conpl et ed. DubDhhigf the slette \hetEN6. Ditus tHeeotic@tcaradebs® ipghErhi v iedameadilt i onal

retention grooves: and refention cre be en th the
shearring. SRR et dence B e Rt - FRYPshale brRE e PR
install ed coneitkte@fally\bridiler thirQitié Seafingsdip\poslign mehifasmm&rfoﬂzﬂ,&emmm he mi ni mum
grip or workpiece thi ess 15 condition and, Fi he fastener
L7t he S oY G o DaT e ORaprBoe) e R A A ol s0 be
~ seen thaéI theRRw:cd@ﬂie}sa@m@hngpbﬂmdglﬁawaﬁmﬁﬁmhaéﬁnallamgproaddsmepe m ni num
- grip .condition Fi condjtiqn o Figure 9
o hont s Bkt A ko aianhida Pt L TR Be S R o o b
regdl Iy seﬁn tﬂaﬁmelsela&ig shfraseféaﬁ eﬂtﬁébe&?lgzﬁlgmﬁmmmaﬁﬁetbmeenﬁsid@n is 20
substantially a ue Lfferent fr MAGNA- BULB astener 110
both i cons pRBE S0 B PSR ke (i of it Wb eporien SRR { he b § na
head defined. Ebysgifiibewfl , A6 'Etﬂdth&ﬂ;ﬁﬁw&e@@tsﬂ@iﬂntﬁﬁy gs?t&fr%@stflu@@kmhgeal ly ﬁni form
construction and strength ove t I p..ran of t st r 10. This
al so assists’ %@ﬁ?ﬁgg‘f‘%ﬁ %éat“gﬁ'ﬂ'f% %@ F% bﬁ%&zw?‘?fl&f? sggwg’ﬁ?de@rﬁdn ensile
strength and Rirgbe 166Sl65T TREed 6F tHRbRRinguing Hirtid B9 wilo sdbétama@y&au@mw ously
noted the pr otrud sl eeve head 26 of the sLﬁeve 2 of i“%ﬁﬁ resent

i nvention is Eﬁnsﬁeﬁg‘#t?@wmmﬁ‘ﬁlﬁ?ﬁ”ﬁ@tt?ﬁﬂ“ﬁ‘?ﬂ P39 @nd el pr ot r udi ng
head such asm“&tbﬁmmmw&macehme6265'a19d/mma@ne@@meﬂfzst he two forms of
bl i nd heads for the slze%'f ste erg i.S Sl;'h%:ﬂw |n Fi ure 3B. In Figure
38 the sl dave head 26 Ped o' opt vprall Pt shed 126 | s

shown in phanﬁdﬁ&lz@fé%mﬁmdﬁst&d&ﬁloldfﬁig&eraﬁ@ghtﬁzd@edﬁ&d%@ﬂ.sﬁtﬁl@ﬁgmlﬂ@, section
| i nes have been omtted for s%lfrg%l icity and clarit Thus it can be seen

that the out sPepl heghi Bt sleevisfhe t“n@e%alméé%@eﬁ%ﬂé‘ﬂ }%0@&&‘5‘?}&%‘}%1y less
than the Outﬁb\ﬁl&eldthaewrﬁraramd fincslRaNSoriaRaRevk2Bad St cdnmadrsly Hisanet er  Dhi
. of the sl eeve head 27 June 2006 WO 03/058078 PCT/ US02/ 38736 -19 of the
‘radially i nneﬁha‘éﬁﬂog?laecvﬁgeaﬂééﬁl ng ring portion 29 is the sanme as the inside

di aneter  2phhi of the mewﬂﬁgqaﬁc&a%fwﬁmsoﬁﬁamwmwon@eptﬁcsﬁee%c? i's

generally of the sane radi
.- heads 26 and 126 for e same sized fasteners.

SLEEVE HEAD 26 SLEEVE HEAD 126 _
Outside Diameter Dh 450" Qutside Diameter Dhh .512"
: Bearing Ring Portion 29 Bearing Ring Portion 129
25 Radial Width Rw .030" Radial Width Rww .075"
Inside Diameter Dhi .385" Inside Diameter Dhhi .385"
Axia) Height [ .112" Axial Height HH .112"

A It should be vnderstood, however, that features of the fastener 10 could
30  beused with a sleeve such as sleeve 12 but with a protruding head such as sleeve head
126.

It was previously noted that the unique features of the present invention




“width and hence size as the concave recess 127. However, Phé6&3%6 ng ring
portion 29 is substantially snmaller than the bearing ring portion 129. In .
fact in one form the radial 5 width Rw of the bearing ring portion 29 was
approxi mately 40% of the radial wwdth RRw of the bearing ring porti-on 129.
Now assum ng that the final clanp |load of the workpieces 20, 20" and 22,

' - 22" and 120, wbaBbsswist h 122, 122' is the sanme, it can be gepusuvidat the

bearing surface stress of the bearing ring portion 29 relative to the
outside surface 65, 65 is substanti aIIy greater than that of the bearing
ring portion 129 relative 10 to surfa0192 165, 165'. This then provides a
~substantially greater. resistance to s ppa e between the sleeve head 26
and surface 65°U ‘B@“@Wﬁ’e‘*ﬂ"ﬁﬁég CREGHIID6 and surface 165,

165" . The area of the b@ﬁdfﬂ&n@ﬂvﬁ&#ﬂ%ﬂﬂyﬁﬁﬂe@%mis@h@dnﬂbﬁhﬁﬁlﬁd&ﬁhy r educed
is still selected to proyide anple stren th to resist_ tens | pad and to

resi st | ocal i Fedmum i srriiym pFievr s Hdhadsioaptions thesmbodigent g 18‘5?1 /or of the

sl eev ef heﬁd ZEGmﬁedwﬁﬁgﬁg% h&&oﬁlﬁonkﬁteom&neﬂ 1@@:&@;@% sl infinekibe Ovﬁr al | .
size of the sl eeve ea results In a fas N er V\Blgt an
reduced cost . d5sHmetiens Wi fg pdriagmet thﬁa‘i’fbé‘inphlé'iteﬁﬁfﬁ &h'&f’ftg%ﬁ %‘Wéaa 26 is the

same as the aydsaitialiehOiimetvitl ohly 5 @ﬁ&ﬂg*Mselﬂaﬁd cantte\0BikRlered toRvexi€r al | ar ea

and hence vol ume of the_sl eve(ﬂ is considerably less than that of
sl eeve head 15%p€ ?@’Ieﬁ"}’@leﬁ% @ﬁ ¥5% chart of typical conparative

di mensi ons of the sl eezsolqﬁg%eb&oﬁi@maacabii&ﬁfaét@derlmS%wamﬁﬁ@@hemstener s. 25
SLEEVE HEAD 26SLEEVE HEAD 126 Qutside Di aneter Dh. 450" H‘%m de Di aneter

Dhh. 512" Bearil?ib’wml%‘ge%%4%2@%@&%@@%!%%@%% 18® al Wdth

Rw. 030" Radipal &s&wmﬁh@'a, VRS 1h8e &oaimts@ﬂuo%ussﬁgé sy temANBiRt er
Dhhi . 385" Axi al ight H 112" Axj al ght HH 112" It shoul d be understood,

however, that B‘F%‘?It%ﬁ"%mb?o‘aﬂW@ka’la‘"setﬂéﬁ@FSS{%ﬂE‘?cfﬁﬁt?er1@5 be used with a sl eeve
such as sleeve 12 but whiiewRlcedoiapg seaty Stpht AsniSleeramiead 126. 1t

. was previously noted that the unique features of the present invention 27

June 2006 WO %?IQ%WWLB@?F%#% orvpasd enship e pkcgRdibeqd A6 Wet h sl eeves
having a fl usbyfgatie&Csalik bthé @Bh or countersunk type. As such the head 26a is located

15 . in atapered, countersunk bore portion 18'%a in the outer workpiece 22'a,

The sleeve 12a has a central through bore which includes a shank bore
28a which extends substantially for the length of the shank 24a and communicates
proximate the enlarged head 26a with a reduced diameter head bore 30a. An annular
sleeve stop shoulder 344 is defined at the juncture of shank bore 28a and the reduced

‘20 - diameter head bore 30a.
The pin 14a has an elongated pin shank 40a which terminates in a head
- segment 42a at its rearward end.
The pin head segment 42a has an annular guide portion 45a which is
- adapted to fit snugly within the outer end of the enlarged diameter sleeve shank b_orc;
25 - 28a. An enlarged diameter shear ring 46a prior to shearing is located immediately
-adjacent the guide portion 45a.

The pin head segment 42a includes the elongated reduced diameter
grooved retention portion 48a which in the preinstalled condition extends rearwardly
from shear ring 46a and includes a preselected number of retention grooves 50a which

30 are -separated by retenttion crests 52a. The retention grooves 50a and crests 52a extend
“anmularly.
An anmular pin stop shoulder 56a is defined by the juncture of the guide




Such a fastener with a flush type sleeve head is shown as2/#e&M%d in a
maxi mum grip condition in Figure 6. In the description of the enbodi nent of
. Figure 6 conponents simlar to |ike conponents of the fastener 10-are
‘given the sanme nunerical 5 designations wth the addition of the subscript
letter "a". Thus the elenents that are essentially the sane will only be
general 'y di swussssdisand can be considered to have the semwesikssBares unl ess
descri bed otherw se. Looking nowto Figure 6, a blind fastener 10a is shown
and includes a hollow sleeve 12a and a pin 14a and |l ocated in aligned
openings 16'a and 18 a, in 10 morkpiecE%IQO'a and 22'a, which have a

conbi ned t hi ckness,se sentin he .naxi oum ..gr.i r X] mum t ot

wor kpi ece t hi 8K %%%gafagégfﬁ%l s#%an@‘ﬁﬁﬁg%gﬁbﬁ%&%ﬁ @%é;g\%hof%!gr %’Jgs a
general |y st rhisghtendivaiade vidd iogenaallymldnar. M lodugrsévd er ghchars 8-t adjdvimth
term nates at i ts forwar d,in_an .enlarged head.26a he nl arged head
s6n 1 of tniepm Lt Bids Sk s Bnfe GO REUERR iRGun il 7O ocat e
15 in a taper pdseleetddisensfiok tholoek gocked 58uund 8sfnas thewedhest exti@rofWerpkpi ece

22" a. The gl egv a _has.a central.throu bore which includes a shank bore
28a whi ch xtgnﬁgl%&%auaﬂgfsﬁmwnaﬁs%mf%dm hite ength of the shank 24a and

~communi cates  proxi mat &hd dheareing 4iadeshodue schuRedbintsi ihd1age diedetaabhnitibageet er head

. bore 30a. An nul.ar . sl eeye sto oul der. 3 is.defined. at the juncture
of shank bor e’é%émadgﬁvangtstjﬁ%neg%%c%%d%% S%ﬁpgérglfnéraue%dzﬁéﬁw Sﬂgas a3 e pin 14a

has an el ongatieddp pippors heikck4Baionbtaahihé Biimdisidab@face 6'a head segnent 42a at

its rearward end. The pin_head nt 42 as an _annul.ar. qui de portion 4ba
which is adapted to fi egtﬁﬁfﬁﬁ%qf ownfhgssgﬁﬁ COCﬁ o %tﬂf‘? “EM%r ged

di anet er 30 eepetichiniovsod therein2Gth 2kapin Ap shblldd gedengdigpdwite the sbaaktopi Ng 46a
prior to shear,i i.s located i i at el dj,acent. t he guj.de rtion 45a.
The pin head %‘Sﬁ’@ﬁiﬁ ﬁ‘?&ﬁlﬁ Iﬁ%ﬂfg‘ﬁg&t% Vee%??rf’%@b%ﬁg?"eb&ﬁééﬁgﬁ Iﬁtﬁé@g‘?é‘ gr ooved
retenti on porpdchét ghBae sthaitcidrm the fdi@arpritien Skbdr@etn giontbetd 100 apire s
rearwardly from.shear ring 46a and i.ncludes a presel ected nunber of
retention gr o%?én%@%(%imc o%seﬁ‘?r%idaghlﬁ‘é eﬁﬁ?@“%ﬁg"lﬁgﬁ”eﬁgi ﬁnsﬁaﬂ@'%"lns 52a. The
retention gro@ustet&la and crests 52a extend annularly. An annular pin stop
shoul der ‘56a i s defineg.. the juyncture of the guide 27 June_ 2006 WO

03/ 058078?$>CT/ Us02/ 387g’étg¥hffasge8‘%’ﬁﬁ%’ﬁlﬁ%3§%]ﬁ%° °b|‘”ﬁh¥’ﬂr§ﬂlﬁ°eﬁ6§& W?h ch is of
a snal | er di aapeiieing of the nakiopmsbtal dhic@ess Fahe Madman gepnebnditod @ce whi ch is
general 1y Pl 8l fod S SondliORYEe 8 eubREHFtn SR dRuTASE Ba nd rtenton

-grooves 50a have been engaged with the shear ring 46a. Again at least one retention

- crest 52a remains on the outer side of the shear ring 46a to provide retention of the shear
20 - ring 46a within the blind head 61a to increase the strength of the blind head 61a with the
clamp and lock section 66a against the inner or blind side surface 64'a of workpiece
- 20,
Thus it can be seen that the unique features of the fastener 10 can be
readily adopted for use with a flush head type fastener 10a with an internal lock at the
25  outer end and with the high sirength clamp and lock section 66a of substantially uniform
- construction at the blind side end.




the pin stop shoul der 56a. An annul ar breakneck groove 60&7/4el28e&t ed
forwardly a preselected distance fromthe | ock pocket 58a and defines the
weakest section of the pin 5 shank 40a and is shown as fractured in Figure
6. The shear ring 46a is shown as pulled into the |arge dianeter shank bore
-28a and having fornmed an enlarged tulip shaped blind head 61 a which has
the uni que otampswwpport and | ock section 66a at the blrcmuserssios sur f ace
64" a. The shear ring 46a is shown in its sheared condition with the
retention 10 portion 48 noved therein gth the pin stop shoul der 56a
engaged with the sleeve stop shoulder ™ 3%a and the material of the sleeve.
st op shoul der 34a being noved into teng-% pocket groove 58a to formthe
forward, inner |ock between the slee nd pin 14a. The pin shank 40a
i s shown severded at t hé HiinétkefstneyfopespariGlaphuasdy oftvoripissesdhdhaditecn

conpl eted. 15\ e i I 5l ith

wor kpi eces 20'O}zg%%‘,gcgﬁd}%ﬁﬁlgﬁ%ea;aﬁgt%g&t%%%}%% dﬁuq%{e?%%rgﬂe(t%%gg Aéélé‘ne or the

maxi num gri p - edegirhteannpfisitghe fastener 10a as shown in Figure 6,

essentially all of the ng i nd retention grooves 50a have
been engag)éd with the %ﬁ@%’%sﬁ‘ieﬁﬂhaﬁ’%‘g?‘ﬁ%%ﬁﬁ°% | east one retention crest
52a remai ns. on the out edid seastehayingtahkewhbak ppitingand@n etlagpl degvalead &t ent i on of
the shear 20 ring,46a within the blind head 6la to increase the strength of
the blind head awith the clanp and | ock section 66a against the inner
~or blind side surface 64ina of workpiece 20'a. Thus it can be seen that the
uni que features of the_fasten . T j . . use wth a
flush head type fasten%%l@a%gaﬁgt#%%%ﬁ{ g}oﬁéﬁégg%ﬁeﬁg%ggfﬁﬂter end and
wi t h t he hiogh slsihk pertddrdaptattp baledatédoeithis®eit Hoornf 6hdslafe wilbsidpin hakll y uni f orm

truction at_the blind, si 27 2006 / 8
PCTI Usoa! 38736 sttt A isnd B S oot aaol B iROEh, g

plurality of workpi ecesaid pinkhadk pgti@rhaviog b gwll sactiok ppesits fiaw sanfpimheadut er si de
surface and an i nner rkpj ece .having .an_jnner i de surf.ace. rising: a
ol | ow s1 ceve AT AR SoPRy big s b oDl sy b RERL O

TNr oughy 1vor e; n sl'eeve shank
portion and ananthalapyligétetwtonania phaadisaid sl@nefoeinstalliag gpidifastener,
15 said through bore of said sleeve having an enlarged bore portion in said

sleeve shank portion and a reduced diameter bore portion proximate thereto and defining
-.-aradially inwardly extending sleeve stop shoulder at the juncture of said enlarged and
reduced bore portions,
said pin baving a pin shoulder portion adjacent said pin shank portion
: 20 -and being of a diameter larger than that of said pin shank portion,
a pin stop shoulder defined by the juncture of said pin shoulder portion
and said pin: shank portion,
a lock groove located proximate said pin stop shoulder,
said pin head segment adapted to engage said sleeve shank portion and to
25 . deform the same to form a blind head opposite said sleeve head in response to 2 relative
- axjal force applied between said pin and said slesve,
said pin stop shoulder adapted to engage said sleeve stop shoulder,
said pin head segment having an enlarged shear ring adapted to engage
the outer end of said sleeve shank portion,
30 . said pin head segraent having a reduced diameter retention portion
connected to the end of said shear ring opposite from said outer end of said sleeve shank

portion,




said pin having a pin shank portion and a pin head segnenf? J¥§i289%in 10
shank portion adapted to be located within said bore of said sleeve with
said pin head segnent |ocated at the end of said sleeve shank portion
~opposite said sleeve head, said pin shank portion having a pull section
opposite fromsaid pin head segnent and adapted to be gripped by an
~install ati onWoedbsseer eby a rel ative axial force can becEpplsses bet ween
said pin and said sleeve for installing said fastener, 15 said through bore
of 'said sleeve having an enlarged bore portion in said sleeve shank
portion and a reduced dianeter bore portion proxinmte thereto and defining

aradially inwardly ex%ﬁﬂ@kﬁ&m 5ﬁﬁ¥ﬁﬁ@%§@g§ﬂﬂﬁ%§%&ﬁ%&wéh%hh%ﬁCture of said

~enlarged and reduced bore por |ons I'n shoul der portion
adj acent said pin shan%l@ﬁﬂrmadamd@ﬁvdlﬂomdngomddemredrmkmmdnar ger than

that of sald_ BislaOid kot Sl dlrth O3 AT BT LRSE Regfhe | uncture

of said pin shoufder portion I'n's por gr oove
| ocat ed proxi éhedweniide ifacest thp wsﬂapistb@ @ta,pr&elmleq:nagnﬁm@f feeagmmnal adapted to-

engage sai gl Skeevf s Bank: RRtb] AR ARE thaathdCh AL DS # g 0T M @ bl i nd

head opposite sai d sl eev n response PRUTVE 35681 f or ce
appl i ed bet weede ssefeed, pi n and sald sl eeve, sald p|n stop shoul der adapted to

engage said sl eeve stqﬂlgﬁgyhgﬁwgﬁ&ﬁg%gﬁg gigsggmfﬁggg %$%%¥%n9 an enl ar ged

~shear ring adapted to engage outer sai Ak portion,
30 said pin hlemrrsagmainpfnb}wwaéfor@dﬂweb&@id@mm:poﬂioemﬂbn*mqmdt| on

connected to 0 fromsaid, out end of
. said sleeve s ﬁ ﬁ%g%tg‘f onhﬁﬁﬁﬁﬁrﬁl@ﬁ %‘ggg%? %@ﬁ%%&fﬁ%eﬁéﬁs{ﬁ%f%@m% -23
sai d reteﬂﬂlGmmpéﬂhxbnn&mhbdislng a plurallty of grooves-and crests, said
shear ring adapted to han rtlon through sai d
outer end to forma tu EgﬁﬁﬁﬁﬁﬂﬁgFﬁgd mm;ase %%? ?%%@ section
at the inner %mtdilsmdfsacaenogha:vinga\pmdl@teddmmetaﬂeaﬂmnelmeimmmdfsaﬂgm t ude of
rel ative axigl.qforce and to be at a position substantially bl ocked from

further anenent at the inner side surface, said shear ring adapted to be
sheared from sai d pi n sheadipis slgmie pértiat is movddavityenovamen bt sadlieshaf riigel at i ve axi al

force vher bl oAU RAL b0 ML L Be BN i bEOHEN B8k ol eeve

shank portion un sal op's top
crests engaging said’ shear ring to form a lock at said blind head,

said pin stop shoulder and said sleeve stop shoulder having engaging
- surface means for directing the material of said sleeve stop shoulder substantially
radially inwardly into said lock groove to lock said pin and said sleeve together and to
20 finally form a stop surface on said sleeve for stopping axial movement of said pin
through said sleeve.
2, The fastener of claim 1, with said shear ring adapted to shear material
--from the inside surface of said enlarged bore portion of said sleeve shank portion to
form a support ring with said support ring being compressed by said shear ring in said
25  -sleeve shank portion at the inner side surface of the workpieces and as a part of said |
* clamp and lock section.
3. The fastener of claim 1, with said sleeve shank portion being of a
generally uniform hardness with a section of said sleeve shank portion at the end
engaged by said shear ring having a gradient of reduced hardness to facilitafe movement
30  ofsaid shear ring into said enlarged bore portion of said sleeve shank portion for
initiation of formation of said tulip shaped blind head.
4. The fastener of claim 1, with said shear ring adapted to shear material




10 shoulder to formsaid | ock, said shear ring being sheaéd™§&P®s a shear
pl ane whereby an opening is forned in said shear ring having a preselected .
di aneter less than the dianmeter of said crests, as said pin shank portion
- is moved with novenent of said shear ring 15 blocked said retention
portion is noved nore or |ess through said shear ring with said crests
engagi ng- sai avostsesso7sri ng to forma |lock at said blind heagyssasss pin stop
‘shoul der ‘and sai d sl eeve stop shoul der havi ng engagi ng surface nmeans for
directing the material of said sleeve stop shoulder substantially radially
‘inwardly into said lock groove to | ock-24ai d pin and said sl eeve together
and to 20 finall t02¥1a stop surface on said sleeve for stopping axial
novenent of s P’BB&Iﬁ“i’f"l SSRERSE gl anigrasd asqrortion of sgidsleexe shapleportionte| aim 1, with
sai d shear ripgmadapbRent ®ithHeBhupIBRirRE bathe cohlpfiiiel BEsdidhiAenstdishiace of said
enl arged bore_portion of said.sleeve shaﬁi portion to forma support ring
with said supPoe SHARPTES 34 fedwmmds swdge pffhewerkpieoseand o  past qf ppid aj d 25

sl eeve shank - gand i@noddlsedtiBg | Nnner side surface of the workpieces and as a
part of said clanp and, ] ock jﬁction. 3. The fastener of claiml, with said

sl eeve shank portion b¥GigFestshank REIQR Peing of agpmeradly Mifamdawass Witk s a section
of said sl eevecshaaflaiPaedvt Haniegortidrt @ehd eﬁgﬁ&g%aiméhe%@%%hmﬁg& ring having

a gradient of reduced hardness tgF,f_aci |itate novenment 30 of said shear ring
into said enl&PYeHbEiuee Brie Beiliglsishpadngndmatesiplfrmn the insido il
initiation ofsafddnBEell B6re QbrtiSRdboFornbhidRuppb@Res bl i nd head. 4. The fastener of
claiml1l, with_ said sheargri ng adapt eglmt%o _gﬁ%ar material 27 June 2006 WO

03/ 058078 PCT-US02/ 387 3b° fagiaper oficlagml i spid shegering ppiedelo eeargutagiobnl ar ged
bore porti®n 8dm 8didids k@fkeorShia BiaBa otertfo of {201 fBefe AR Hon td N9 W th said
support ring being conpressed by said shear ring in said sl|leeve shank
portion at tH&mM ﬁﬁ’@?%%sewmaﬂéwosm prinasompisFEt sseidieanEnginpEd t of said
clanp and | oCecS@emblHbrtion 2Bk findrsRIB YRS FMe R id A B 8 NhnQF sy general |y
uni form hardness with a section of said sleeve shank portion at the end
engaged by sof¥RHREMHKFIHG:having a gradient of reduced hardness to
facilitate shearing Ofsamle@ie'sﬁénkﬁaf)ﬁﬂﬂﬁéi’t% dr Béridny thiifoRt Rarfess Wil £ €Nl ar ged

?
bore portion to formsaid supporf ring. 5. The fastener of claimi1, wth
sai d sheal’ risgfonabpideteeyoshatkasrtionat thy qud engaga by sef sheraingdeyiege sur f ace of

sai d enl ar gedy R ofREHubddtardalss &Athditsth BBVeRheR R d BREL AR Sid entarged
bore portion of said sleeve shank portion for initiation of formation of said tulip shaped

blind head and for shearing of material from the inside surface of said enlarged bore
portion to form said support ring.
20 6. The fastener of claim 1, with said crests of said retention portion
-Increasing in diameter rearwardly from said shear ring.
7. The fastener of claim 1, with said crests of said retention portion
- increasing in diameter and width rearwardly from said shear ring.
8. The fastener of claim 1, with the outer workpiece made of a metallic 7
25 - .material having a tensile strength of a preselected magnitude,
| said enlarged sleeve head being of a protruding type and having a ring
portion at the radially outer end of the underside of said sleeve head adapted to enpage
the outer side surface of the outer workpiece,
_ said ring portion having a bearing area providing a bearing stress with the
.30 . outer side surface of at least around 40% to around 50% of the fensﬂe strength of the
material of the outer workpiece and 1o greater than that at which yielding of the outer

- side surface and/or ring portion occurs,




forma support ring with said support ring being conpressél'$¥ 288 d shear
ring in said sleeve shank portion at the inner side surface of the

~wor kpi eces and as a part of said clanp and |ock section, said sleeve shank
~portion being of a generally uniformhardness with a 15 section of said

sl eeve shank portion at the end engaged by said shear ring having a

gradi ent of medaessd’shar dness to facilitate novenent of eermdswb®as ring into
sai.d enlarged bore portion of said sleeve shank portion for initiation of
formation of said tulip shaped blind hggd and for shearing of materi al
fromthe inside surface of said enlargéd”bore portion to formsaid support

ring. 20 6. Theg fastensg f.clal with sal.d crests, of said.retention
portion increasing in %?%ﬁé@grﬂs{r%%rf%as?cw ?pﬁgﬁﬁggf‘ﬁorgﬁ‘écﬁm?l}'ﬂﬁg.aﬂl The
fast ener of cloaterwarkpiegetbavismanchuter side sirfade apdiindiniied tverkbie@ahaping bri i@Rer | NCr easi ng
in dianeter ang wdf mardly fromsaid shear ring. 8. The fastener of
claiml1l, wt h%t fe ou%]%?%ﬁgﬁrqui ece made of a netallic 25 material having a
tensile strength of a phekstdavebhviggriirbugidoresai d enl arged sl eeve head

being of aprotruding t nd havi a,ring . portion at, the radially outer
end of the -undersi de oféﬁgglfegegﬁwén aesj] AP anécd)glb"togﬁu o) %%VT%%gﬁtut er side

surface of thenoeder workpi ece, said ring portion having a bearing area
provi di ng a bearing strg s with the 30 outer side surface of at |east
around 40% to around 58% of the tensile strength of the material of the
out er wor kpi ece and no s#d piaheving dymshetiaporiiin anda pih hytidetghong sad pib he out er

si de surface J LQn LS. .27 June. 2006 03/.058Q78

PCT/ US02138 738 b Bt %gﬁ%é%ﬁ%‘g ity %‘hdgﬁOr%°§Fa1%§%%’?. Saé“o’%ﬁlg‘fagl ity of
wor kpi eced0i ned¢gumntigrated at thexnd of sl dtspieshenkhmition gppasiteaidalcowindsl, sur f ace and
an i nner workpi ece havipng. inner side surface conprising: .a hqgllow

sl eeve having a through' lﬁé}fm%posr%?n&a?%%@{ﬁ?‘g\??ﬁ@pogyﬁ%ﬁgiIglﬁ%eﬁ portion
and an enl ar gesgnshteed slapledid ba prigrée beatinstalapbrtool Sdkdbypi RlabeMixAbfogepi N shank
portion and a_pi-n_h ment .. said.pin hank..portion adapted to be

| ocated wi t hi ﬁ&gjgia q%%]ra%%%fwaslépaa% Seaéd\as eegﬁﬁ)ﬁmgép:gg%dr{a%gd 10 segment

| ocated at the and of slmin shaslencetiothavikg porikneadk shopOSinh@titidald palieeve head,

sai d pin hank RO bR leRYENG 8 P harR§SLLON OPPOST te from said pin head

said through bore of said sleeve having an enlarged bore portion and a

-reduced diameter bore portion proximate thereto and defining a radially inwardly
~ extending sleeve stop shoulder at the juncture of said enlarged and reduced bore
portions,
20 said pin having a pin shoulder portion adjacent said pin shank portion
-and being of a diameter Iarger than that of said pin shank portion,
a pin stop shoulder defined by the juncture of said pin shoulder portion
-and said pin shank portion,
a lock groove located proximate said pin stop shoulder,
‘25 said pin head segment adapted to engage said sleeve shank portion aﬁd to
deform the same to form a blind head opposite said sleeve head in response to a relative
axia] force applied between said pin and said sleeve,
said pin stop shoulder adapted to engage said sleeve stop shoulder,
- said pin head segment having an enlarged shear ring adapted to engage
30 . the outer end of said sleeve shank portion,
said pin head segment having a reduced diameter retention portion

connected to the end of said shear ring opposite from said outer end of said siceve shank




segrment and adapted to be gripped by an installation tool 2{WeEeBF a
‘relative axial force can be applied between said pin and said sleeve for _
installing said fastener, said pin shank portion having a breakneck groove
connecting said pull 15 section to the remai nder of said pin shank
portion, said through bore of said sleeve having an enl arged bore portion
and a reducwd osbsasvet er bore portion proxi mate thereto aothuséeddin ng a
radially inwardly extending sleeve stop shoulder at the juncture of said
enl arged and reduced bore portions, 20,said pin having a pin shoul der
~portion adjacent said pin shank portion™ and being of a dianeter |arger
t han that of §@§ pi n shank portion, a pin stop shoul der defined by the
juncture of said pin shoulder portion and said pin shank portion, a |ock
groove | ocated proxi matdl signipuporios compptising a bluwstity of Srogeds dnduirestshead segnment
adapted 0 engage sal sl SExeing BBk RYEkdo0D #R%k Qe Bk Pilte Same to form
ea oar

~a blind head opposite said sleeve I n response atirve axial
force appl i ediERegkesitovicsen t9iformearialinodhingd blinddgad wided danp anddack pectitoul der
adapt ed t 0sengaganRakife SHEQRVR iR WRpRiQUl H5k 'Q%JRL i nt having
an enl arged shear riﬁg adapt ed toggﬁ?a egﬁgﬁwgﬁgho té%hgﬁ%mgfgggid sl eeve
shank port i onforesandtobe at anesitios aysenielinedkedyiom fastieraetendém sidhedinner et ent i on
portion connggdLeddko the end of said shear ring opposite from said outer
end of said sleeve shank 27 June 2006 WD 03/ 058078 PCTI US02138736 - 26
portion, said retenti oWdsbeartinhadepiapioibs shegredfrph saidbinthyadetgmnbdues and
crests, sai di,386R0mildaQs REARE S&hi k2 J IQI@Q. . ank portion
t hrough sai d outer gjg{léﬁto forma tu(f.eiggle{sg%%gng%l n hggihgmﬁ%%ogﬁcl anp and
| ock sectil®n thpugh saidsiceyeghenk portive until sfidpio stop shonenvnedeps eilskent stap '

presel ected mpgRhsYienPbaudplati ve axial force and to be at a position
substantially blocked fromfurther novenent at the inner side surface,

sai d shear ring adapt egidsbeaptngbringshairef ponsss ahadr pane whewlly mepmngisat a

| arger magni tyde. (of cfehalk i il [ i n.shank, portion
wll be anedHIO t ?oug ?§§33§F§ ﬁﬁaéﬁgﬁgﬁggfuﬁﬁﬁﬁﬁhﬁ %%Pdm& n stop
shoul der enga®®®, sai d sl eeve stop shoulder to formsaid | ock, said shear

ring beingssheared acrgggy ﬁin%ﬁh%ﬁfnor%r?i@ %om%ﬁl%ov%ﬂenq BER el Ping
blocked said retention portion is moved more or less through said shear ring with said
crests engaging said shear ring to form a lock at said blind heﬁd,
said pin stop shoulder and said sleeve stop shoulder having engaging
surface means for directing the material of said sleeve stop shoulder substantially
20 . radially inwardly into said lock groove to lock said pin and said sleeve together and fo
finally form a stop surface on said sleeve for stopping axial movement of said pin
through said sleeve, said sleeve stop shoulder having at least a portion thereof radially
‘separated from a radially confronting portion of said enlarged bore portion whereby
radial inward movement of the material of said sleeve stop shoulder by said pin stop
.25 shoulder is facilitated and radial expansion of said sleeve stop shoulder is inhibited,

7 said pin shank portion adapted to be severed at said breakneck groove at
arelative axial force of a preselected magnitude greater than said magnitude for moving
the material of said sleeve stop shoulder into said lock groove on said piﬁ,

said sleeve stop shoulder located generally within the confines of said
30  enlarged sleeve head whereby radial expansion of said sleeve is inhibited as said sleeve
stop shoulder is deformed into said lock groove,

said sleeve head having a preselected axial length,




- formed in said shear ring having a presel ected di aneter | &83uneR8 t he

di amet.er of said crests, 15 as said pin shank portion is noved with
novenent of said shear ring blocked said retention portion is noved nore
or less through said shear ring with said crests engaging said shear ring
to forma lock at said blind head, said pin stop shoul der and said sl eeve
st op shoul demwdwmmwsants engagi ng surface nmeans for directipguki2zesmat eri al of
sai d sl eeve stop shoul der substantially 20 radially inwardly into said | ock
groove to lock said pin and said sleeve,fogether and to finally forma
stop surface on said sleeve for stopping axial novenent of said pin

through sai d sleeve, sakidbRkBRMEmSIvE Beifl 10 8prddaiinibd Maxin@@Shia® PO i On
t her eof radial |l separated froma radially confronting _ portion of said

 enlarged bore %5 fEpe @W"WF’&’B?IQ]Ydﬂsf?ﬁ%ﬂd’f%@@ﬁl‘éﬁt’wﬂn%@%ﬂ% erial of
sai d sl eeve stfhcatbael sl prosicsad Hadditiie ot Sl 2rceSbauibges s facilitated and
radi al expansion of said_sleeve Stﬁf shoul der is inhibited, said pin shank
portion adapted to be SudBvEmumaxiakdisanss beingrsesallyogrn)io said regelocisiat i ve axi al
force of aspresgliagind sa@abivk HoA rarRalascatilkdIeiG ROMIME Gredi@bckmOVi Ng
the material of said s|leeve stop shoulder into said | ock groove on said
pin, said sIeéﬁ@“@?@%ﬂbﬁﬁgmﬁ@Fmngﬁﬁpéﬁmh%#%ﬁ%w4y within the confines of
said 30 enlanged sl ee\tﬁefa&aﬁrmbﬁn&@dfd%{eﬁspﬁm&b@&mﬁ&mﬁéﬁd sl eeve is
inhibited as said sleeve stop shoulder is deformed into said | ock groove,
sai d sl eeve hESHHER Amgicpreavadbdiasadsharirengt h, 27 June 2006 WO

103/ 058078 PCTA1)802/ 387a~ﬁefa&zm§@uamnbrm@aeﬂee&sfb?\éﬁouhﬁfmmggtq&tsﬁd a
predeternlned nmaxi mum axjal di stance from sai d roove wher eby

di st ort i ortOof PHptfhereriadigllysenaratef fomapatindly c@lﬁronbwort@apf #ifl sprgsdi d
presel ected nmaga b&:ﬁ&ﬁv&éxe@’f&c@dl mﬁ»@fd%vaﬁedt E'ﬂhé)!nﬁt%%l oB@ladidafostgum axi al

di st ance belngpgenerally qual to said preselected 5 axial length of said
sl eeve head f &touldprpaispid pmﬁhw&%ﬁf%IIWm@wm%@ngaa@ sispeatoneck
groove gener akdowdwiit hkdiitde confines of said sleeve head. 10. The fastener

of claim9, with said crests of ‘said retention portion increasing in
di aneter rearwardly fr &b Reengr ofislean 9yihghe opter workgiceermade nbgmeillic| ai m 9, with

sai d sl eee si@RridRAAELEnMBW S 6f 2 Jr&B8LtedBmaghilud2Or ti On thereof radially
separated froma radi a confronting portion of sai d enl arged bore
portion whereby radlalsﬁ%ﬁﬁﬁﬁﬂﬁﬁﬂ@ teipg offapsotrpding iipg knddfavisgd tings | eeve st op
shoul der by S@réonmtme%@my%&atun@sfme&d&aﬁeé,fsalafsﬁgve%@éh J3fla efgggansi on of

sai d sl eeve s shoul def is inh
the outer side surface of the outer workpiece,

said ring portion having a bearing area providing a bearing stress with the
20 - outer side surface of at least around 40% to around 50% of the tensile strength of the
- material of the outer workpiece and no greater than that at which yielding of the outer
-.side surface and/or ring portion occurs, .
13. A blind type fastener for securing a plurality of workpieces including an |
-outer workpiece having an outer side surface and an inner workpiece having an ner
25 . .side surface comprising:
a hollow sleeve having a through bore,
said sleeve having a sleeve shank portion and an enlarged sleeve head at
one end,
a pin, 7
30 ' said pin having a pin shank portion and a pin head segment, said pin
shank portion adapted to be located within said bore of said sleeve with said I;in head
segraent located at the end of said sleeve shank portion opposite said sleeve head,




12. The fastener of claim9, with the outer workpiece nmadd’ $eg0fetal lic
15 material having a tensile strength of a presel ected magnitude, said
enl arged sl eeve head being of a protruding type and having a ring portion

at the radially outer end of the underside of said sleeve head adapted to

engage the outer side surface of the outer workpiece, said ring portion.
‘having a beamowgrsaowa providing a bearing stress with treru@0/;38mt er side
~surface of at |east around 40%to around 50% of the tensile strength of the
material of the outer workpiece and no ggeater than that at which yielding
- of the outer side surface and/or ring portion occurs. 13. A blind type

- fastener for securing %ai@biﬂfsﬁink&:&rﬁ&iha‘@ﬁ%‘é@bﬁ%&oﬂ ﬁésggiriﬁgfﬁédgpém er

wor kpi ece having an outer side Surface and an inn )i ece having an
inner 25 si déegnsgtang adapted i ssiprrd by an gfpllagon topledieeebnanelefive axial firesugh bor e,

sai d sl eeve hayi N0 AlicahERNEe SRR Oid 100 ARthatngRiALA8E: S| eeve head at

one end, a pin, 30 said pin having a pin s anﬁ portion and a pin head
segment, said pin shas#kdpehesdseeasabasarte to engsee saidcteeedhmwikppition smitd bore of
said sl eeve WakBed il dookl B 62 d1nPRATGRbs:358 el Bladiditutid 0Ll ol ceve
shank portion opposite said sleeve-he df1627 Jine 2006 &%3/%%%% '
PCT/ US02/ 387 3@xialXgree anplied heiwpes pridiin pasiseidslsesavi ng a pul | section opposite

fromsaid pin head  seqyRienRferdfiantmiods hfh SisRARd.PYIAM LISHAL I at1 on

~tool whereby a relative axial Torce” can be applied between sard pin and
said sl eeve f dionlpakibatwepmsgidsideds apd saidpie at a psedetdrnpiied positieh lsegaesiid adapted to
engage said skgexe.s ,porti on and to 5 deformthe sane to forma blind
head opposite said sleeve head i'n response to a relative axial force

appl i ed béfween sai d pP#d pindeadspgneni hapipgan dndreged shearringopmtedie snghge connect ed

wth said sl egkeniihadil Mol SafiGioRlof ald 0y of PalePELNRR a iyl eV e and

said pin at a predeterm ned position betwee a eve and sard pin, 10
sai d pi n headasaigesistesdavi ng an .enl arged shear ring adapted to engage the

ai d bore at sai d out er0 BRAR B ANRRRE! Ol AR SRRt G
di anet er r et eperfigreoarrgted td hpendgf salshear ong epprsitdivedaidouthad efwidof sai d shear
_r i ng oppo %ib‘ te SIEJVQ Qﬂaﬁﬁb&ﬁ%ﬂ Qdaﬁ{gﬁl toogripﬁiﬁé@ engage said shear ring,

' said shear ring adapted to be moved into said sleeve shank portion

through said outer end to form 2 tulip shaped blind head with a clamp and lock section
" at the inner side surface of the i?vorkpieces at a preselected magnifude of relative axial
force and to be at a position sut;stantially blocked from forther movement at the inner
20 - side surface,
said shear ring adapted to be sheared from said pin head segment at a
- larger magpitude of relative axial force whereby said pin shank portion will be moved
through said sleeve shank portfou until said sleeve and said pin are at said
predetermined position arid said front lock is formed,

25 said shear ring being sheared across a shear plane whereby an opening is
formed in $aid shear ring having a preselected diameter less than the diameter of said
retention portion,

as said pin shank portion is moved with movement of said shear ring
blocked said retention and gripping portion is moved more or less through said shear
30 ring and grippingly engaging said shear ring to form a lock at said blind head.
14, The fastener of claim 13 with:

said retention portion comprising a plurality of grooves and crests,




15 sl eeve shank portion and adapted to grippingly engage $ai¥egi®ar ring,
said shear ring adapted to be noved into said sleeve shank portion through -
said outer end to forma tulip shaped blind head with a clanp and. | ock
- section- at the inner side surface of the workpieces at a presel ected
~magnitude of relative axial force and to be at a position substantially
bl ocked from further novenent at the inner 20 side surface, said shear
ri ng adapt ed¥P3*H&8heared from sai d pin head segment aPCHUSOMEHer
magni t ude of relative axial force whereby said pin shank portion will be
moved through said sleeve shank portiop_until said sleeve and said pin are
at said predeterm ned position and said front |lock is forned, 25 said shear
‘ring being sheared acrgesaidpirshetipofiod RendWERBDYoRMeARE RidhekrSingf Or med in
sai d shear ri@ﬁ h%vllﬂ_g gﬁdpres.el ECt ed diianeter | ess than the di ameter of
said retenti ORCKSDIFY GIHCRPORIGP feing Mo Jgre o kst TrgHel seid BRSO novenent
of sai d shear said ddgts chiagink edld seirdinged Bk b Rk AR&J BfiddHekd)g portion is noved
nore or |ess rough sai hear, . 30. ring and grippingly engagi ng said shear
ring to formada*l ock at'ﬁ’aﬂ& Brquﬁ](ﬁ“%@a‘ﬁla"m. The fastener of claim 13 with:
said retenfion porti onsaiaepitios poEocoRiprkitg 4 flialy ofEERNSMmddRGsCr st s, 27

June 2006 WO 03/058078 ~ PCT/ US02(/38736 -29 as said pin shank portion is
" nmoved with noverment of SR eRoioniigpgovel Pk e vpuacst of svid oM 8n port i on
bei ng noved niilédkedsaid retsiiion Potivgheitaheles M@ lor TekdiBroMin shid shdt SheOwigsSt S engagi ng
'said shear ring to forma lcf(f:g at said b{ei nd head. 15. The fastener of
claim 13 wi t FAOSTEY PRpapng s 83 T8 F P et said P beadl ural ity of grooves
and crests, said pin sidadsts podatdreBntion phaMESkMol B RS B Eer @fan 844 d Shear
ring bl og&ed saf' dg{cgtenti on (gort_i on being . noved nore or | ess through said
shear rind wiREFreleds) Gapsie formed insaidishagt Logi2pd wersasie s diameter Wil | ock at
sai d blind hefg saikshebrengsts of said retention portion being of a dianeter

greater than said 10 ﬁ%g%el ected dianeter forned in said shear ring and
i ncreasi ng i nt°di anet er fepgg rtirkym 1By with sud;sheaz Hagadaptpdig sheppmatyish f ast ener

of claim 13, fun the Biieneheadr 4l Bete AAHP LRk dn@ o SRR ce BRI pattion tJ OM t he
i nside surface of sai d,bor&lﬁat sai d outer end of said sleéeeve shank portion

to forma suppbtEPRIHEENIRTAEL FHRoL Hppbane crprgsetbygidsbwpregisedd by sai d
shear ring i niesd slankPoiof MBs i5RR Ble RPfhdd iF the MorlpRBesiaR 8 2 paitdesaftir f ace of the
workpieces ang A dioBflim S ¢
17, The fastener of cl_aim 13, with said sleeve shank portion being of a
generally uniforro hardness with 2 section of said sleeve shank portion at the end
~ -engaged by said shear ring having a gradient of reduced hardness to facilitate movement
20 - of'said shear ring into said bore at said outer end of said sleeve shank portion for
‘initiation of formation of said tulip shaped blind head.
-18. The fastener of claim 13, with said shear ring adapted to shear material
from the inside surface of said bore at said outer end of said sleeve shank portion to
_ -form a support ring with said support ring being compressed by said shear ring in said
- 25 sleeve shank portion at the inner side surface of the workpieces and as a part of said
' clamp and lock section,
said sleeve shank portion being of a generally imiform hardness with a
section of said sleeve shank portion at the end engaged By said shear ring having a
gradient of reduced hardness to facilitate shearing of material from the inside surface of
.30 - said enlarged bore portion to form said support ring,
19, The fastener of claim 13, with said shear ring adapted to shear material

from the inside surface of said bore at said outer end of said sleeve shank portion to




clanp and | ock section. 17. The fastener of claim 13, witR7 48rd0e eeve
shank portion being of a generally uniformhardness with a section of said
sl eeve shank portion at the end engaged by said shear ring having a

- gradient of reduced hardness to facilitate novenent 20 of said shear ring

: into said bore at said outer end of said sleeve shank portion for

" tulip shapedpibmrlitiaf sesviheic et dreanngip demeigreanrufy FomhiH

initiation Qfqfspedion of said tulip shaped blind headpcrhRozsifte fastener
of claim13, wth said shear ring adapted to shear nmaterial fromthe

inside surface of said bore at said outer end of said sleeve shank portion
‘to forma support ring with said suppd® ring being conpressed by said
shear ring.in said 25 sl|leeve shank portion at thﬁ inn side, surface of the .

.
“wor kpi eces anfpaa suppprhipg With geif Yppogt rg BEIRgePmPESe Qﬁﬁacl‘?ﬁlﬁ?r@éfn&a’gl eeve shank

portion bei Ngugke gaRAERLHGH dt the bkl et SRSSokbitdes and o8 @ irt @Rai0f sai d
sl eeve shank portion at the end engaged by said shear ring having a
gradi ent” of reaRed lerkSees to facilitate shearing of material fromthe

inside surface of 30 sgidkant AAEHrRabEanDeNldettiallyanifaiRafiatsd wiipport ring.
19. The fastener of claim 13, with said shear ringggga ted 1o shear

material  #rosectinef paidrlerye shapk preliongt the snd pngaged by gardshieay XP88nd of said
sl eeve shank . pafitii OfrelRed Harddsbiao 2Dt MIvErdéd) oBRMGhRCTind fothdsidBddar - 30 form a

support ring wth said support ring heing copnpressed. by _sajd. shear ring in
sai d sIeevev§%b%%ﬂEﬁ%ﬁﬁ@ﬁﬂﬁﬁmﬁﬁﬁﬂP?Wﬁﬁé%ﬁqﬁﬁ ‘%Rﬁ?%ﬁffqéwm%rkpieces and

as a part of . gaid pii6d BB a0 &k g SPEAEDNG oS BleGnsioe@¥ARe sfraidknlpged i on bei ng
of a-generalIé)unifornlhardnesshmkth a b5 section of said sleeve shank
T

portion at theorapaatiens B lyupgt#2&hear ring having a gradient of reduced
hardness t,g fagilitat erREyaReRin®bs 8ahd3 shtasidrétagion Boflosatisior e at  said
outer end of said sleeve shank portion for_initiatiaon of-fg{ﬂation of said
HET i nsi de
surface of sajgd enlarged bore portion to formsaid support ring. 10 20.
The blind fastener of claim 13, with said retention Bontip i.ncl uding a

plurality of 2kests wi The g dpstencs f dai e getemion Pyfien BHNMR%R war di y from
sai d shear Q2 ¢ erostDGinPhold\Fesh 3Rt BARY in AfamleAdn®vidih rthiRilpRémlsAiet ent i on

portion including'a plurality of crests with said crests increasing in
di anet er dhd sheefttiwgr earwardly from said 15 shear ring. 22. The fastener of

claim13, with,the outeg. MLKPHRESE, MRdan ok odterBéRpikdeGnade of a metallic
- material having a tensile strength of a preselected magnitude,
said enlarged sleeve head being of a protruding type and having a ring
portion at the radially auter end of the underside of said sleeve head adapted to engage
20 - the outer side surface of the onter workpiece,
said ring portion having a bearing area providing a bearing stress with the
outer side surface of at least around 40% to around 50% of the tensile strength of the
-material of the outer workpiece and no greater than that at which yiclding of the outer
side surface and/or ring portion oceurs,
25 023, A blind type fastener for securing a plurality of workpieces including an
outer workpiece having an outer side surface and an inner workpiece having an inner
. side surface comprising:
a hollow sleeve having a through bore,
’ said sleeve having a sleeve shank portion and an enlarged sleeve head at
30 . oneend, '
apin,

said pin having a pin shank portion and a pin head segment, said pin




material having a tensile strength of a presel ected magni €0 28% d

.-enl arged sl eeve head being of a protruding type and having a ring portion
~at the radially outer end of the underside of said sl eeve head adapted to
engage 20 the outer side surface of the outer workpiece, said ring portion
~having a bearing area providing a bearing stress with-the outer side
surface of ayohsssdsaround 40% to around 50% of the tengddwogisigngth of the
material of the outer workpiece and no greater than that at which yielding
of the outer side surface and/or ring portion occurs. 25 23. A blind type
fastener for securing a plurality of w 1k‘pi eces including an outer

wor kpi ece havi .Qut i de, surface a an..nner workpiece having an
inner - side shr aggmgnoaﬁgét?dzt?ﬁal:m%ec‘h% os\iavl%g)lméaeo\;%m %@ﬁvﬁﬁq%ga%dﬁ%eaﬁ bore, said
sl eeve havi ngsegmshidesatd stibedod pbeatd steavesshehkanrtion bgpogiedaid sleee deddead at 30 one

end, a pin, said pin hayj i n.shank portiqn and in_hea gnment ; ‘
said pin 27 June 2006 %@gf%moﬂ%@?%gbﬁﬁﬁ%ﬂgmoﬁ%_és)%sr?{(&pﬁlg}?e?‘?on adapt ed
to be | ocat edsegritiand adapted tode erigred Bypandnsdiletaneoolivihbrelied relafivenxiabiatte segnment
e ALy S S SRR b RPRAS oL o o e head
segrment and adapt ed t osdidpighdag pechettydarediitnatgagel saitl sloevetsink patier mbiyo ar el ati ve

axial force applied n_said.pin and,said sl eeve for
Thstal | g satedo oty SnE R Ikt S ARG e b Filhy A BB BT84 o
sl eeve shank pdaltforcenpalial beiveercaidgimanti ked slesve, to form a bl i nd head opposite

said sleeve head inre se to el at i axi.al. forc l.i ed between
said pin and said sl ee\f?gl? F%%{%paﬁaglgér%%coglﬁ%re F?@g‘iu@s%%'ﬁﬁ%dgﬁa@%%f%msaai d sl eeve
and said pdn lock baweenaaid §16:vk acleaild invee e predetintiined peitien hetdecadidslpiva at a

pr edet er m ned%u%osjdtion bet ween said sleeve and said pin, said outer

wor kpi ece nmad Sf“&%retal lic material havi ng a tensile strength of a
presel ected magni t ude, saikduttr entkpiegankds bRevaalicaed hadhgaftensilgutedgitidi ng t ype
and head havi n%a 1§dri ncl.g%lortion at the radially outer end of the

under si de of YRAFFYFEE RS adapted to engage the outer side surface of
t he outer workpiece, saidbnlagadslpot hai béiayofgprarbiagtipoghdaeahapnoyi di Ng a

bearing s tlg es-:%ng\/}\/)lo}tl%ntap e radially outer end of the underside of said slecve head adapted to

-engage the outer side surface of the outer workpiece,.
satd ring potion having a bearing area providing a bearing stress with the
- outer side surface of at least around 40% to around 50% of the tensile strength of the
material of the outer workpiece and no greater than that at which yielding of the outer
<20 - side surface and/or ring portion ocours,
24. The fastener of claim 23, with said pin head segment having an enlarged
shear ring adapted to engage the outer end of said sleeve shank portion,
said pin head segment having a reduced diameter retention portion
~connected to the end of said shear ring opposite from said outer end of said sleeve shank
.25 . portion, |
said retention portion comprising a plurality of grooves and crests,
said shear ring adapted to be moved into said sleeve shank portion
- through said outer end to form a tulip shaped blind head with a clamp and lock section
at the inner side surface of the workpieces at a preselected magnitude of relative axial
30 forée and to be at a position substantially blocked from further movement at the inner
side surface,
said shear ring adapted to be sheared from said pin head segment at a




outer side surface of at |least around 40%to around 50% of? {4He28®nsi | e
strength of the material of the outer workpiece and no greater than that
at which yielding of the outer 20 side surface and/or ring portion occurs.
24. The fastener of claim23, with said pin head segnent having an enl arged
~shear ring adapted to engage the outer end of said sleeve shank portion,
sai d pin heagy @@t having a reduced di aneter retentim@ruygorisizen

connected to the end of said shear ring opposite fromsaid outer end of
said sl eeve shank 25 portion, said retention portion conprising a _
plurality of grooves and crests, sai d ¥tear ring adapted to be noved into

sai d sl eeve shank portjo hr ou said outer. end t . .. shaped

bl i nd head wi !arseéméﬂﬁémdﬁ °3FF5P“1"%€%§%% "?%S’ﬁegy s %"F.gel‘aiﬂpr%"fer?‘{nrsq"gé’g }sﬁa{rr%‘aace of the
wor kpi eces  at tiaough 5EdIR6¢ SenliEgHtntutidliaaid hinrsep ahdulder engages saiGleckotiere and to be
at a position supstanti al.l | ocked fromfurther novenent at the inner

si de surface,ﬁ§§wﬁﬁ§ﬁ@EFmP%ﬁ adapted to be sheared fromsaid pin head
segment at a 27 June 2Q@6hWPrZbaatfdRedRcibsdiSha SBTGEherd? wh epeg@e ismagni t ude

of - relative axial _for, wher eby sai d pi.n, shank,pogti W .froved

t hrough safd &ragdias % Y %ﬁ%ﬁf%ﬁ?@?wds%?n&!ﬁ%ﬂ%%%notggglﬁ%{e}%rdpgrgmgggages sai d
sl eeve stop gheaylder to formsaid |ock, said shear ring being sheared
across a shear plane whergb n.openi ng is formed, j-n..sal ear ring
havi ng a presel ected df‘%ﬁ@t"é’rﬁi‘”&fggpﬂés%n?vﬁ%w@%rgr‘ée gﬁtdgpa@%ile%rﬁngr ests, as
sai d pi n shankpeqtii@Richton Fovtie isthévad posserted thofighsaiddhahdar with ag bl ocked
said retention portiogn is

Sai d | orost s SORGEHMPHASHE RS 15 °f SR POk at said blind head. 10
25. The fagtengr of cl @hdMastéher Hictalin 34}ivakh skie searring gdaptbd pd dhelar tngitegihle ar _
o form a supBeFs PG e A EA A BB PRIBE A BERSPILTSIE) o
shear ring i ny$@isfd Spf@MEnpHRRR korf@bseddly sai@ thehdringiimsist slesvcibandupoftmae of t he
of ol ai m 24, PG PP SR o R B R TR LRt 7 o
inside surfacegof sai drhofageRf ofehin 24 eib\Ed shanlogpdaptadonsttar rfaariad a support
Gl cove. shafk. BORTIURNHIR B FRHR PG fapnon e g et 2n as o
part of said GliaRd afFor! OBbeEE chhREsedissld SHeatitg istatitdecpashtmiqnrtivei ng of a
general Iy uni fai? tll’lgqimrllear rsi(cji(? gu?:fsacevgftthg m%rlqaieces and as a part of said clamp and lock section,
said sleeve shank portion being of a generally uniform hardness with a
section of said sleeve shank portion at the end engaged by said shear ring having a
20 - gradient of reduced hardness to facilitate movement of said shear ring into said bore of
said sleeve shank portion for initiation of formation of said tulip shaped blind head and
* for shearing of material from the inside surface of said enlarged bore portion to form
said support ring. |
27. The fastener of claim 26, with said crests of said retention portion
.25 . increasing in diameter and width rearwardly from said shear ting. '

28. . Ablind type fastener for securing a plurality of workpieces including an

outer workpiece having an outer side surface and an inner workpiece having an inmer

side surface comprising:

a hollow sleeve having a through bore,
30 | said sleeve having a sleeve shank portion and an enlarged sleeve head at
one end,

a pin,




section of said sleeve shank portion at the end engaged by d#ed@®hear ring

- having a 20 gradient of reduced hardness to facilitate novenent of said

shear ring into said bore of said sleeve shank portion for initiation of
~formation of said tulip shaped blind head and for shearing of materi al
fromthe inside surface of said enlarged bore portion to form said support
~ring. 27. Thgolh@skeper of claim 26, with said crests of pepugdsseisenti on -
portion 25 increasing in dianeter and width rearwardly from said shear

ring. 28. Ablind type fastener for securing a plurality of workpieces

i ncluding an outer workpiece having andbut er side surface and an inner

- wor kpi ece having an inner . side surface conprisi.ng: hol | ow, sl eeve havi ng
" .a through bore, 30 sai 6“@?’@3‘9‘@“%%1?}11 OLHREY aglﬁgﬁﬂg%ﬁ%?ﬁ’%%d nd an
enl arged sl eeggnigatorddaptedin be Mdatedwittiisaidbbrelifagid 866 WD OB 5EA78

PCT/ US02/ 38736 - 33 sai In having . a pi.n.shank portion and.a pin head. |
segnent, sai dS?ﬁ“]’fntlgﬁﬁﬂﬁP%ﬁ?”giogﬁmcgﬁ%fﬁ%é’am&W%@}08%08’5?seabds\?ﬁe¥%]}eﬁ£sai d bore of
said sleeve with said plidpherak poegieRing b paibdcetibnadbpdsite franehibpin Badd sl eeve

hank tior [ i,d sl e head, id K ti havi :
Ul T sbct i dn SHBE PRSP BRI oY LR o el LA BB o bo

gripped by an cid¥stagpilea beioer saidlpinne sbylectle fobingtblli@saikiagtbnef, or ce  can be
Chrough bore of said SPadpEERbrRg SR e LR ORE R R PO AR &l ceve
shank porti on sRa@ sRank peri6eshidirediidaranaE Borp pdrtibropoiabe itemtoomt Hefinbigo and -
ncture of s IaRELGeSnE BT EAER DB AL DB ORISR SFEERH having a
pi n shoul dgr  paLtddBBredditiaignt sai d pin shank portion and being of a
et med by t he | unct ur EAGPISATEE BheHOTAaBPE BUrFRaH PR EPEBpT n shank
portion, 15 aghPgdns@i e aMReteOtataRmINM Y] a8 pe BHaikGoftiod, St op shoul der, said
Phe same to form a bl i pdbRaoppedtee T areso e NP e8hse (o o
relative axi ahd ffifeestandiores, bet ween said pin and said sleeve, said pin
stop shoul l%e " adapted ta (Ijocleé\ r,c}rgo%\grf? 1oga?éid%ro?{}n?a?evsgjd%&nosfgopsstt]\gl'iiclle?,e &
said pin head segment adapted to engage said sleeve shank portion and to
-deform the same to form a blind head opposite said sleeve head in response to a relative
axial force applied between said pin and said sleeve,
said pin stop shoulder adapted to engage said sleeve stop shoulder,
20 - said pin head segment having an enlarged shear ring adapted to engage
the outer end of said sleeve shank portion,
.said pin head segment having a reduced diameter retention portion
- comnnected to the end of said sﬁear ring opposite from. said outer end of said sleeve shank
portion, )
25 said retention portion comprising a plurality of grooves and crests, '
said shear ring adapied to be moved into said sleeve shank portion
through said outer end to form a tulip shaped blind head with a clamp and Jock section
at the inner side surface of the workpieces at a preselected magnitude of relative axial
force and to be at a position substantially blocked from further movernent at the inner
30  side surface,
said shear ring adapted to be sheared from said pin head segment at a

larger magnitude of relative axial force whereby said pin shank portion will be moved




- 20 said pin head segnent having an enl arged shear ring adZpted 2006 engage
‘the outer end of said sleeve shank portion, said pin head segnent having a
reduced di aneter retention portion connected to the end of said shear ring
opposite fromsaid outer end of said sleeve shank portion, 25 said
"retention portion conprising a plurality of grooves and crests, said shear
ri ng adapt edyh@sgaggoved i nto said sl eeve shank.porti onpcrinisogiseds sai d outer

- .end to forma tulip shaped blind head with a clanp and | ock section at the -

i nner side surface of the workpieces at a presel ected magnitude of relative
axial force and to be at a position s‘Lﬁff'stantiaIIy bl ocked from further

novenment at the inne 30 side surface, said shear rin ted to be
‘sheared from SEUgh B slerEs Shadapprion o S”&pmﬁgwﬁgFﬁﬁﬁaﬁW¥gﬁ% %%k? Pative axi al
force wher ebyggaide wkRmshaneporti on will be noved 27 June 2006 WO

03/ 058078 PCT/ US02/ 38736, -34 thyough said sl eeve shank portion until said
pin stop shoul der engaffibshed e Ryneheargagyyss %P%Jé “%eﬁégyg}?ﬂegjﬁgﬁ | ock,

sai d shear ri pgn&EhRgd shReaiRdaat Ns&eBeish Bafct@ianavhediehsterafisapeni ng i s
formed in said shear ring having a presel ected dianeter |ess than the

di aneter of sHF¥S5 crests, _as sai-d pin shank portion is noved with
movenent of said shear addaid@in sphi@lRidn Hahdbed RiteMbVeRRnIPELd harirhgnoved nor e
or less through saidq, shear ring,with said  crests e i ng said.shear ring
to forma I oc O%déaé‘i{’&teﬁ*l‘?ntﬂ?mr?ggd’?°vg‘éﬁn8reﬁf W%?"Bbénssﬁ@gﬁeg‘é?&é’ﬂ% Bdi 4 sl eeve
st op shoul der cRavineEiRNaRGhaALringk o ket ARANsd had, directing the nateri al

of said sleeve stop shoul der substantjal| radially jnwardly. into said
| ock groove to |ock saf®finponihquids; %@é?@*@@g?'ﬂ f H’ée’t‘%émxgi nally form

ah stop ) surnh gc lerﬁaéh FRékhélos 5’9&}??@ tﬁaﬁgt&taommd' 'ﬂglegoei sRip slrilmmfmﬁﬁtanﬁﬁllyls aid pin )

t hrough said sl eeve, said shear ring adapted.to shear material ,fromthe

i nsi de surfaCEﬂﬁﬂy@&Wﬂb”T@S@ﬁﬁ%ﬁ@%ﬂgﬁbPaRﬁﬁHF?%ﬂSﬁgg@%ggg§&géw¥&shank
portion to fORAANG fsRRplsuTich B MWid dbesciofstoppllp RBBE mdviegnt Bfatdgirc onpr essed by
said shear ring in said sleeve shank portion at the inner side surface of
t he wor kpi ecetrangysadsleevpart of ‘said clanp and | ock section, said sleeve

shank portion being of s @eneh@hdaptedBishQFf bRl HoRIE: iMdidetudce 680id on of said
sl eeve shank portion at the end engaged by said shear [ig&@ha ing a 20

‘gradi ent df redsEdorpeHiva shsatdslepvrshakpatian PPRHRIPPBT e Y S¥Rear ring into

sai d enl ar gedgypport ring being compressed by said shear ring in szid sleeve shank portion at the

_inner side surface of the workpieces and as a part of said clamp and lock section,
said sleeve shank portion being of a generally uniform hardness with a
- section of said sleeve shank portion at the end engaged by said shear ring having a
.20 - gradient of reduced hardness to facilitate movement of said shear ring into said enlarged
.. bore portion of said sleeve shank portion for initiation of formation of said tulip shaped
e bllind head and for shearing of material from the inside surface of said enlarged bore
- portion to form said support ring,
the outer workpiece being made of a metallic material having a tensile
25 .. strength of a preselected magnitude, .
said enlarged sleeve head being of a protruding type and having a ring
portion at the radially outer end of the underside of said sleeve head adapted to engage
- the outer side surface of the outer workpiece,
said ring portion having a bearing area providing a bearing stress with the
30 oufer side surface of at least around 40% to around 50% of the tensile strength of the
- material of the outer workpiece and no greater than that at which yielding of the outer
" side surface and/or ring portion occurs.




- bore portion of said sleeve shank portion for initiation 8fJ¥62R8k i on of
~.said tulip shaped blind head and for shearing of material fromthe inside

surface of said enlarged bore portion to formsaid support ring, the outer -

- -wor kpi ece being made of a netallic material having a tensile 25 strength

of a presel ected nmagnitude, said enlarged sleeve head being of a protruding
type and havinogzmesstisng portion at the radially outer epgrodoztdiss under si de
of said sleeve head adapted to engage the outer side surface of the outer
wor kpi ece, said ring portion having a bgfri ng area providing a bearing _
stress with the 30 outer side surface™df”at |east around 40%to around 50%

of the tensile strength, of fthe terial of the ter r kpi. and no
greater than tHat at mﬁhgﬁa%p@ﬁ&%%&%@d@ﬁ%ﬁ; <5 ée{\%uorligdé%glgand/or ring
porti on. occur ShanRposdion & ROMNE oFNEIdGH DEBGisBion ShpoRETHdpEARY BBVIEadBRingThe

fastener of claim,28 wth i.d enl arged bo r.ti .Of i LN shank
portion at t,hé‘ap(?’f?&r%faugglimgﬁé‘sfﬁng eg%cl?d%(l)cr ?S%%%%%g%%#%h&r%%&gg?gﬁs eeve head
bei ng t aper edaidakbanlidginto wiidheniated bore partion ehdde theflibitedkitiaiim of shefriugishidt at e
~initiation of novenent of said shear ring into said enlarged bore portion
and to facidi W™t ation of shearing said 5 support ring. 30. A blind
type fastener For securA sihdaypp fadsteadrifirgecofingmaihirplite cgorkpicksidelndingan  out er
wor kpi ece havin anlaut r .side §ur.f a%% and. an_inne .\‘/3\/((:)erhl§l I egneimkllavi ng an
inner side sPMFREEREIHIFTIES e sBTra A H0u REVPSG RYPRFLUSR bore, 10
sai d sl eeve haideRgfne cheaviag;shank portion and an enl arged sl eeve head at
one end,- a pin, said pin havi.n in._sha ortion and a pin head segnent,
said pin shank porti oﬁhﬁﬂ%\vf)flﬁegeﬁ%’%@@ﬁ%%%%g% within said bore of said

sl eeve wi tip sai d pin head sledve hawdgivesidevd sharkipeion tnd dnenlarpeld déeve bgad as| eeve
shank portion opposite said sleeve head, said pin shank portion having a
pul | section d‘ﬁg%ﬂdiste fromsaid pin head segnent and adapted to be gri pped
by an installation toolapahereby.a relative axial force can be applied

bet ween said pin and sai.d sleeve for installing said fastener.. said pin
head segnent adapt ed témgﬁ’é'ﬁ'ﬂgn%aa?lﬂs %?7@”5%9;\%%‘“2‘8%[*%“1;%&?’8 20 deform
the sanme to f Qrdfkcoiibh MpleRbe: MRMOS Witlen said Ehredfadd Sedveadthisaid piedpdnse to a

rel ative . o
15 . segment located at the end of said sleeve shank portion opposite said sleeve head,

said pin shank portion having a pull section opposite from said pin head
-segment and adapted to be gripped by an instailation tool whereby a relative axial force
-can be applied between said pin and said sleeve for installing said fastenet,
said pin head segment adapted to engage said sleeve shank portion and to
. 20 . :deform the same to form a blind head opposite said sleeve head in response to a relative
-axial force applied between said pin and said sleeve,
lock means operatively connected with said sieeve and said pin to form a
- front lock between said sleeve and said pin at a predetermined position between said
sleeve-and said pin,
.25 said pin head segment having an enlarged shear ring adapted to engége
- the outer end of said sleeve shank portion and being of a larger diameter than said bore
at said outer end,
said pin head segment having a reduced diameter retention and gripping
portion connected o the end of said shear ring opposite from said outer end of said
30 sleeve shank portion and adapted to grippingly engage said shear ring,
said shear ring adapted to be moved into said sleeve shank portion
-through said outer end to form a tulip shaped blind head with a clamp and lock section




axial force applied between said pin and said sleeve, | ocR7 #agE800

_ operatively connected with said sleeve and said pin to forma front |ock

- between said sleeve and said pin at a predeterm ned position between said- -
sl eeve and said pin, 25 said pin head segnment having an enl arged shear ring
adapted to engage the outer end of said sleeve shank portion and bei ng of

.a larger di awetgissé/@an said bore at said outer end, sapédrsondigad segnent

having a reduced dianeter retention and gripping portion connected to the
‘end - of said shear ring opposite fron1saég outer end of said 30 sleeve shank
portion and adapted to grippingly engage said shear ring, said shear ring

“adapted to b d int i on. . - sai t d
Fo orm ot B il sl SRR S 6 G0 bRl Al enshllf SRR OUT BT end

2006 WO 03/ 058@7RnPETHI60 2ds3B7 36hstafiflin blothed fibmfethesndementat tieéngf t he

wor kpi eces at & B&ﬁé@lected magni tude of relative axial force and to be at
a position subStan rally blocked fromfurther novenent at the inner side
surface, said shear ri ingdssapingddiptediebeshesddunf sadipisleadsggomtiabad segnent
at a 5 larger ,magni tud r.el at.v, X3 for [ i i.h. shank
portion wi I%I -Baégeggl\i}%tug? ?qlfrr%lﬁtbvﬁ a’é%ji%c'égwié%%/bg Sgggﬁﬁﬁ\%g ?%ﬁéc{)%&’ﬁfnbgi g%i d sl eeve
and sai d pin drenghtsaid sleeve sipmke datier mtihed srewd and ead pindresbsadl front | ock is
formed, said shear [ i h I a shear plane whereby an
opening is f&red. $9?gﬁﬁmgﬁgéwﬁﬁﬁﬁgdﬁﬁﬁﬁﬁéia presel ected di ameter |ess
than the di ameter of saiidishedGingdtiegsticand ot 2 dhagr phae wherdiyen opamngpor t i on

conprising a pluralilt. f_QrqQov. d ' i i portion is
noved w.th nn'%ﬁ%%?”%%s %ﬁ%%éh%?géaﬁ@%%£&§§%§ﬁgﬁé§g§§hge en??%%ggortion

bei ng noveld nmostention pdrgkds t hrough said shear ring with said crests engagi ng
said shear ring to form.a logck at.said blind, head . 15 sai ar ring
adapted to shear naterf%ﬁﬁ*$@kﬁ$ﬂ%nfﬂgwﬁggégpygﬁgﬁgF%g%ﬁggm%%ge at said
outer end of said sl eevssakhfmshafiogpdriionis tovell oithmavengppalistid sheagring t h sai d-
support ring being ¢ ressed.by said shear ring. in, sai | eeve. shank
portion at thgﬁdﬁﬁﬁﬂggg?ﬁﬁp%%??%E%%8¥W?H%M&%F%%gg%§g%g% eégﬁg“%%rt of said
"~ clanmp and | ockaiéaedits enpagimahid shdaegapgo Slmanlodaer riddilindbedadg of a general ly

uni form har.dness with a,,20 sectio f .sai d, sl.eeve, shank rti-on,at .the end
engaged by’ sai d shear F?%§Eﬁ59¥ﬁ%@%dgﬁﬁgﬁFgﬁFﬂgﬁmf%ﬁu T HACRIES 1 o
facilitate novesensidehteseaiddf sdikdeeve ihagk ponion tsfairl a hppert eihg with said -

_.support ring being compressed by said shear ring in said sleeve shank portion at the

inner side surface of the workpieces and as a part of said clamp and lock section,
' said sleeve shank portion being of a generally uniform hardness with a
.20 = -section of said sleeve shank portion at the end engaged by said shear ring having a
- gradient of reduced hardness to facilitate movement of said shear ring into said bore at
sajd outer end of said sleeve shank portion for initiation of formation of said tulip
shaped blind head and for shearing of material from the inside surface of said enlarged
- ‘bore portion to form said support ring,
.25 | the outer workpiece being made of a metallic material having a tensile
- -strength of a preselected magpitnde,
said enlarged sleeve head being of a protrading type and having a ring
portion at the radially outer end of the underside of said sleeve head adapted to engage
the outer side surface of the outer workpiece,
30 - said ring portion baving a bearing area providing a bearing stress with the
outer side surface of at least around 40% to around 50% of the tensile strength of the
material of the outer workpiece and no greater than that at which yielding of the outer




sai d outer end of said sleeve shank portion for initiatioR?dfe28P%mtion of
said tulip shaped blind head and for shearing of material fromthe inside
surface of said enlarged bore portion to formsaid support ring, 25 the
outer workpiece being nade of a netallic material having a tensile
strength of a presel ected magnitude, said enlarged sleeve head being of a
protrudi ng twueosassdishaving a ring portion at the radi alelywsidisets end of the
undersi de of said sleeve head adapted to engage the outer side surface of
" the outer workpiece, 30 said ring port[gz_having a bearing area providing a
bearing stress with the outer side surface of at |east around 40%to '
around 50% of éﬁ@g{ the material of the outer workpiece
and no greatefﬁgﬁg%£€%Mkﬁnﬁé I C |eId|n of the outer 27 June 2006 WO
03/ 058078 PCT/3S02/ 387%8fastpn@Oﬂ@alslﬁOf‘@ﬁesadrbdﬂe@fsaldmSlpakpqrtm aptheurs. 31.
The fastener f ion at the
end of said plqe%dg sg{ﬁik porti 3%1%33 SI te Srag&nsllegg%% @%@%@E@gaﬁﬁg& ng tapered
radial |y out waardy @ redupeiibickngsstit faolifatsdstiation b teienitof sédidihedraing on  of o
movement - ofs Sa}ﬁtgsaﬁ@ﬁﬁéar{d't@ﬂaclhka@ﬁu%Qf&%rﬁg@ﬁ&isﬁgo&ﬁ&é.l Itate initiation of

shearing said support ring






