WO 03/ 058078 PCT/ US02/ 38736 -1 BLIND FASTENER W TH A BLI ND SI DE HEAD

HAVI NG A CLAMP SUPPORT AND LOCK SECTI ON The present invention relates to
bl i nd faswermsnssorsicl uding a pin and a sleeve and instal | edTiysor/Bes36
application of a relative axial force between the pin and 5 sleeve. The
present invention relates to blind fasteners and nore particularly to
blind fasteners including a pin (or spihdle) and a sleeve with the pin
having a head segnent adapted to nove into the shank of the sleeve at the
blind side to form an BENNIZFASTENER WISHap BLIND $IDEWEEAThavi ng a cl anp
support and | ock sectiqQn t he bl i nd .o A'!f.‘.,:“-_!;{___ &’&pl n and sl eeve

havi ng a second, necha¥ 5 0 end for | ocking

the pin and sleeve IgakiRh il thltANIREIOHIIARLEAGS Syddifltla BRAGR ,Af © | Or Med
of an enlarged tulip ape. anpl es of suc ind fastenhers can be seen
in U S Palent aibinst]1868y 82%pplhicatiohwd a Reletiwe BfidlforcEhstvweren thafinh and ock

Spi ndl e Construction issued on Septenber 5, 1989 15 to Walter Smth, U S
Pat ent SNo.Sl#v627, 775 for Blind Fastener Wth Gip Conpensating Means

i ssued on Cct ober 9,119 - R r ] . Erlgi ]4}1%; 05, 273
i ssued Sept enber 20,Th16v rgse%lgm%r& %g?l aggf)&?gl’rm H?éjergglsut?g{r?g?é? I?rs tl%s in
contrast tyindifiénerdinthdinkasiie (@rspindic)whd eRleblé with lieasia haviaghdeakd of a
bul bed type. Exanples of such blind fasteners can be seen in U. S. Patent

No. 4, 784 sssmettgdaptad fempreingy heshinkef thoslgeteré thedindmsidess fo 2Py ot r udi ng

Head Bl i nd t i d
U8 pat ol L GBIt BON R ahp purftithna bl SBUBELARO0R. B0, |
18, 1987 tspdeSadrwitiethedlin ankh@edy8 Ratiap aRbcoplpiBclananckatrictrehtte and tulip

type blind head. See also the MAGNA-BULB(r) type fastener shown in Figures
7-9. The ppesstrendriorleckiog thepinnéslees togetheruni que form of blind fastener

for 25 formng an | ar L twlip S blind a ] cl support
and | ock section. | ﬁﬂ%@g’gﬁl&gﬁ%eﬁgﬁﬁglgﬁésaargffc;)]ﬁl(fg gg@@%@?gegi ncluding a
pin and a ghseViBanigies sQVA Bl Mitehers B 1Y sechay UM Patept Nosihank32d fd2 a head
segnent at one end and with the sleeve having a sleeve shank and a sl eeve

head at orkveRutce Bhiad Festenes dgite hocloSpindle Gsingtrudiios issned an Sepferrben®dP8? i ng

form 39 brioaFle lim B € e R IR A B SRSt Wi ot CoPnstlifE 1o
1[§|t Ie ngI g 3 @g@kgﬁgg@aﬁ ORebbar 9] 1988l RYchafd DRLANHIO. SIPaeMeSo. AUb I BSt S

issued September 20, 1983 to Ruhl et al for Blind Fasteners. This is in contrast to other

blind fasteners in which blind 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
20  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 present invention is directed to a unique form of blind fastener for
25  forming an enlarged tulip shaped blind head with a clamp support and lock section.

In the present invention a blind fastener (including a pin and a sleeve) is
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
has an enlarged shear ring adapted to be moved into the shank of the sleeve at the blind

30  side to form an enlarged tulip shaped blind head. The head segment of the pin has a
retention portion having a plurality of retention grooves and crests following the shear

ring. The shear ring is adapted to shear at a preselected magnitude of relative axial force



ring. The shear ring is adapted to shear at a presel ected magnitude of
relative axial force WO 03/058078 PCT/US02/38736 -2 after the blind head
is fully wormsestoannd t he shear ring is |ocated adjacent thecirnser3sse blind
side of the workpieces. Now the rest of the pin will continue to be pulled
into the sleeve with the nunber of retention grooves and crests being
nmoved t hrough the shear ring dependi ng2upon the overall thickness of the
wor kpi eces. The shear ring will be 5 engaged with one of the retention

gr ooves andfterthsbiind beddas fiyllywothed fred thejsheening iehicated edjaceo tlid ioneraf t he

sl eeve shank, .the hlind head haying a cl S rt and | pck section at
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| ock is forme e opposite en pin w e severed at
a br eakneckingrdepatelitgoupoarthy evaralpthlidkn€ qiolid workpiacesn Theeshstatidg will hidhe pi n.
As will _be seen_the fastener of the present invention, rovides a_blind
head of>a S§BERECANHiLANCT e tetshHOh BPRVET 085St fa\femafvlﬂy&e@éla,ce@uﬁ%%ra?&i al
grip range..QL: qqg% i : :

t oget her. P t8 Itt]'soﬁoul %éeevtﬁg%%g(’ H%abtq %ﬁg%%%li fr?frI . é?lglﬁlgﬁﬁ%%%?%wgégﬁ%@rggra f ng in
conbi nat i othe dbiirdside. PAtthakdnytimt thiehendmean ofthepnekad @nfiondd wntidktopd head has

been utilized in a blind 15 fastener made by Huck Interpational, Inc. and
sol d under skeidderegf edinend vlegye fs sogagsiaud-apupgepiral lpleisdormedaivis | t he

o1 nd heaa piiaoate afPostich ifls SRL B Aot MBI IER BB TR (e

inner 00 bbbAnItdie tislkhbalcef BB @in. NS bd 8n tlasfavehdr dfehesaesent tventicdt ent i on
groove structure is also sonewhat different. Qther significant differences

will al so peovides addind heashef ¢ gnbsiaptialbheniformddgh gemethervenp tyteal psubsfanital
\ y . o head. oh .
e es o0 e e R RO RS R FEYBASG 0 B Gpdhl o200,

the engaged surfaces [odhotitdcbemitddth@Cestiddcthaonds daving d shéRekRiehe omBitbtion
provi des a high | evel of resistance to sllgpa e between the workpi eces 25
R

and the i nstith3 plurafigselantentiosgonves todpst » bind beadiive hesremidlizelinebiind o use in
the. § it al PaienFageds ey o R Red o, 25 nist s e RaEERe AT on to
The bl n AN e e e o e e aped
bl i nd head enatged dulippgiepbkblivebireat thot, gk notaddatheeovas adoltaype hhnd kead.
adjacent the inner or blind side surface and in addition, as will be seen, the retention
groove structure is also somewhat different. Other significant differences will also be
20  seen.
One form of the blind fastener of the present invention has 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 provides a high level of resistance to slippage between the workpieces
25  and the installed fastener. Such a construction then lends 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 present invention 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
30  at that end.

It is another object of the present invention to provide a blind fastener

having a unique structure for forming a blind head.



It is another object of the present invention to provide a blind fastener
havi ng a uni que structure for formng a blind head. WO 03/058078

PCT/ US02/ 8803058078 It is still another object of the preseatr/isa¥ssTé on to
provide a blind fastener having a unique structure for form ng an

enl arged, tulip shaped blind head with a clanp support and | ock section at
that end. It is still another object of3t-he present invention to provide a
blind 5 fastener having a unique structure for formng an enlarged, tulip
shaped blind head wi fths still ehcibhgy objgopofithe aredertanvensien to provade attiiatl end and

being of a_.generally uni.form configuration and hi sfrengt.h ove
subst ant | afSGRFAVINgFRUTIAYS Feche Prafapg Se e lfgeﬁh‘gﬂ}a ShareARipafent v o
provi de a Qkkﬁ,%hsﬁl?gg\;}gﬁﬁ%%ocﬁgg&ﬁga@tﬁépglgye protrudi ng sl eeve head for

provi ding a resistance to 10 slippage between the workpi eces
bei ng secured toget h#ris stiltladdtkeriobgictdf thel pfeaatt émention td prosida agdmedr al obj ect

of the present invention to provide a new and inpraved blind, fastenper.
Qt her jefaé@}lerf@é&%rae@}lq%wa%?ﬁré@%@nsfan enlarasf aubn shaned lnd Bepdavith

beconme app IR @ﬁ&%ged cl ai s,
taken in %Eﬁ {g%)nsj Bg((;:ptt ?ngglo\?\#? ﬁc‘%{aﬂg?glgg%?p%r?% ?\r%rbdfraa ;%ntre\%gy% e present
i nvent i on wénfigutxeionnmd kighestfengthyvendarbstaotd dripaangdhe detail ed description

and the acconpanyi ng_draw ngs,. wherein: Figure 1 is a side_elevational
view, with some part ¥ ISRSQAL phicsiertithcpresest myentin toprevide aplind fastidridi ng a
pin and a ' r L j i on and
Shown pr ol B i BRI e E R &P piihiditifa BIEEIEH ofHolsBERY, O3

m ni muro gr élipppgd Bstween ihestakpiatdsbeingfse@itb@togeihsr andsthe énsellRY distemenl vi ew of
the pin of Figure 1; Figure 2A is a fragnentary view to enl arged scal e of
the portion of the Piihagmadobdct ef the present ipyegipn toproyrlepngy adoB j s a

fragnmentary vi ed scale of the portion of the pinin the Crcle
2B in Fi guiFfn ré&é’ﬁé@lﬁl‘r&%&gﬂe‘qs a side el evational sectional view of the sleeve

of Figure 1; FigureQ8#friobjeatsf fea@mdNiml advihiapesto tlenprRige thvesadewttf the
portion of betcggle a?)i)aer(gtefr(l)nq t%leh seubg:éc{u%lltedegéiﬁtpon?n l#lgeeap?f);ended claims, taken in
15  conjunction with the accompanying drawings.
The present invention will become more fully understood from the
detailed description and the accompanying drawings, wherein:
Figure 1 is a side elevational view, with some parts shown in section, of a
blind fastener, including a pin and a sleeve and embodying features of the present
20  invention and shown preassembled and in relationship to a pair of workpieces of a
minimum grip prior to installation;
Figure 2 is a side elevational view of the pin of Figure 1;
Figure 2A is a fragmentary view to enlarged scale of the portion of the
pin in the Circle 2A in Figure 2;
25 Figure 2B is a fragmentary view to enlarged scale of the portion of the
pin in the Circle 2B in Figure 2;
Figure 3 is a side elevational sectional view of the 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;
30 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



30 Figure 3B is a fragnentary sectional view to enlarged scale of the
construction of the sleeve head in the Grcle 3Bin Figure 3 shown in
conpar i sowotos/0s8076| eeve head of conventional constructi onPaTtUus0L/BsI36
conventional construction shown in WO 03/058078 PCT/US02/ 38736 -4 phantom
and with section lines omtted for purposes of clarity; Figure 4 is an

el evational view with sonme parts shown-dn section of the fastener of
Figure 1 depicting the fastener inits final set formin the mnimumgrip

condi ti on plegidh BEd Withkpitisaeines fonttted foir puipotatoflcldrity;ckness; 5 Figure 5 is
an el evational view with sone parts shown in section of the fastener of
Figure 1 depicting tHigurediscanelevationalyiqy with seee pPpgs shawn mrsectiamalifien gri p

condition securli Wor kpj eces naxi: t i ess: Fi e 6is a
ide el eval e S8R drpI e fs R UTRbER okl RN b &

fl ush headcdndpeonsdee@iies Whrkipicees dMamiriMnd 0taMHickdelg maxi mum grip condi tion;
10 Figure 7 is a side elevational view, with sone parts shown in section,

of a MAGNA- BULB t yp&igyrs hib dnsdevatienal vieye widlispge paps shoavingeefiameafdhe

preassenbl gd, and rior, £o.i.nstallation;:.F.ogure is_an .elevational view

b th some. paiene B Bk PR R AR i RSB e DS PR o1 gur e
7 depi cti ngodditeorf R8sk ofkpidckSofl 4 Makinf@ totdlthickdss;15 the m ni mumgrip
condi tion securing workpieces mninmumtotal thickness; and Figure 9 is an
el evational view wi t Rigioneispasidsclsasionali view ginnilasito Bigurehe depiiaigre fBeleBen ype
fastener of .Fiqure. 7 depicting t. fastener.in its. final. set formin the
i mum or MDeQliah bFah BB IR IROPRLTe Ca0 Byha kT fP SOREIORN ckness. 20
The fojd owing descri pidusys @f 2 SilelBVRIcRAINEE SRRIP A B PArEs JndwhBH Sdtion @l ary
in nature and is in no way intended to |limt the invention, its

appl i cat i oMAGNA-BEESB. typoblidifstanew, inoludingLa gin 2nd a slskveaprehsssmbledrand 0 i s

shown and incl ude% lf' hol | ow sl eeve 12 and a pin 14 in a preassenbl ed
condi ti on Pr9'dP WRaOPa) | ation. The 25 fastener 10 is shown in a

preinstalled conditi P%?é’gjié 2cALRHhA vidv 98 LoRRPHO SR wWibindRGickf the | nner
and outer workpieces and 22, respectively, which are to be joined

t oget her. MAGNAeBEEBXgpafusic® dfdugura 7copisiingthetfhiteden es8s fiegrsesiorhiimg t he
E]i g|urn1611n514 g%&g%{mtgt]n rgriguc%]n}ii%%g ge&x’%‘é Q;xlfoei‘rlgﬁeéers] Irr?illilr}gusnsl tgtglrth}cﬂﬁesfs ;a z?ntde ner 10.
Figure 9 is an elevational view with some parts shown in section of the
MAGNA-BULB type fastener of Figure 7 depicting the fastener in its final set form in
the maximum grip condition securing workpieces of a maximum
total thickness.

20 The following description of the preferred embodiments is merely
exemplary in nature and is in no way intended to limit the invention, its application, or
uses.

Looking now to Figure 1, a blind fastener 10 is shown and includes a
hollow sleeve 12 and a pin 14 in a preassembled condition prior to installation. The

25  fastener 10 is shown in a preinstalled condition and located in aligned openings 16 and
18, 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 installation 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.



fastener 10 after installation and securing the workpiece 20 and 22 of
mnimmgrip. 30 Figure 5 shows the fastener 10 in the installed condition
wi t h wor kwDasmesso2®' and 22' having a conbi ned thickness preprEsszstmBang t he
maxi mum grip or maxi numtotal workpiece thickness for the fastener 10. WO
03/ 058078 PCT/ US02/38736 -5 Looking nowto Figures 1 and 3, the hol |l ow

sl eeve 12 has a generally straight shadk 24 of a uniform outside dianeter
Do which termnates at its forward end in an enlarged head 26. The

enl arged head 26, whilgking mofv folFgReol aadiB e hylhey slkase B2 haongavellyecess 27
adj acent the shank 24 to provide clearance with the outer edge of 5 opening

18. A bear streaghtishenkpf ef aownifesm; ayitside dameter Doryeiieh feamaratssahits Brpyrdander end
f th 7 . i i
Gescr i bed. T4 spisrell DD, TheSARRRRTRRN o ABEE IR bR e BALE (e

of wor kpi egghcéve redbReTadiadeltabe shabk nY t@providealigiarioo kethwhe otitet edewdes a
shank bore 28 of a dianeter D which extends substantially for the |ength

of the Bhaspeniue bhdAbeadrgigpertiondd by ioxnedhetdhe pecusnfswpialipaergdgit h a

head bore 30 of a,reduced di aneter . _An_ann r e +S1:0 l.der 34
is defi nedé'ﬁtre(felsi%zf ﬁ%‘gﬁatfraél egga%eﬁl}fﬁlﬁs‘g S8 Cg%t?%‘f\agloﬁt F%’der‘g%g%%é" gllrg%eg#lé% head
bore 30. ThR réé?@eﬁ}ﬂfceh@@ﬁpp%%eMmmha@;ﬁ@%ecaéurfdcg oPRBfkpidce 220uter end in a

t apered, countersunk portion 35 which serves a purpose to be described. In

this regard the angSkecué 12 haper captral theough pereshish indludes 35hank koseld8 of a

rearwardly . throu 5 ,approxi mpt el y..one half fthe thick s_of the sleeve
shank 40. Qﬁ“‘é’?ﬂr%déﬁcwg’gw(gfsﬁl%@%p%gorstﬁ%iﬁng%lroef\é}ﬁe %}an{g%g %Bfeeve 12 is
shown | Eb@uRic3s prdiiiatethE@bevR P26 withathehd Bot b2 QM EE diaddeter
termnates in aradially inwardly rearwardly inclined generally

f r ust o- conDbalArsamiber sle86e stbp shouilder 84 issdefimed rithe guncture ot shvak bars 28 and
confronting portion.of the eev. . The sle st op shoul der.34 is 20
further seﬁ’ﬁrra %ﬂgg}aﬁ?ﬁt‘?rﬁ'@a‘?h?ﬁe%%t 3}%8 81%?‘&%‘%?5? ﬁ%%ﬁlgma‘?egﬁtb OPIFP@“S’I Wfe 12 by
an annul ar o84 jif, taﬁée&‘,’@o%ﬁtef‘s;ﬁhfg Egﬁioﬁ@'S%lfﬂi?z’h fQvavar firyoRab Bk lisdcyib¥d. tid thide

reduced di aneter bore 30. | oul d be noted that the stop shoul der 34 on
t he sl eeverebardahe angle ef tipedof tht taperet pottiber3 Soaxtande rqgirwardly, thtaighe descri bed,

are substantially of a caonstruction taught jn.the '325 patent to Smth
previ oli3| yal&l?ft”élﬂ?até}ﬁQp%ﬁ@?alettﬁ‘éfqéﬁﬁf’g@‘? Sﬁ?ﬁ?“f %13“1620'[ hat patent 25 is
i ncorporated herein %éngg%cﬁﬂeﬁ-ofwgﬁ&oﬂ%§@oﬁh9‘é[e%§e 1 andown ihhe pin

14 has an el ongated pin 0 termnates in a head segnent 42 at
i ts rearwaFituendlA ( Thes tilchmbe eved thdt theasomstenlder 34 terminates in a radially

inwardly rearwardly inclined generally frusto-conical surface 36 which is thus separated

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.

Tt should be noted that the stop shoulder 34 on the sleeve 12 and a related
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 subj ect 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 knurled or splined connecting portion 43 is spaced rearwardly from the pull

30  grooves 44 and is adapted 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



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 is spaced
r ear war dl wofosossovhe pull 30 grooves 44 and is adapted to fPictr/uso2/B8786 t he
reduced di aneter head bore 30 with a preselected interference to thereby
hol d the sleeve 12 and pin 14 together in a preassenbled condition to
facilitate handling prior to installatidn: The | eading secti on WD 03/ 058078
PCT/ US02/ 38736 -6 43" of the splined portion 43 is tapered to facilitate
initial indg8rafitbmsmined pertmpl43riethppedito davilitdtd iniibbinsdrdon eflihesplintidgeti@r bor e
30. In this, regard the djiameter of the crests of the pull grooves 44 can be
of a si zeﬁg’élltgrat]b?/feGEceéidd%StF’él?ﬂf838r slight interference with the reduced

di ameter Dh of head 3Bt foe3Rh thd Biashetd?or Y Est€HANO bull BooRkshanke A4 1S

provided with a tapered section 41 to facilitate initial insertion of the
pi n shank 4Zeitmpovides dearancd®r slighs ipterfederedwile greenducéd diemsetenDnofdadr gui de
portion_45_ which fit, sggrg(l%niwithi, t he outer end,of the

| dapt ed t
enl ar ged dib_aﬁe%oerf@sé]g‘?/gﬂsrﬁ%ﬂﬁh@%&ﬁ@n? : S EHTA eé’e‘ﬁlﬂa?éﬁ?éfeél_rse%tﬁé’adrl i ng 46
|5 1 ocated aiBllighial hsadbace i 'ﬁ@maﬂk%@‘?ﬂt?ﬁ{i/é?&%@ 10 and is of a

di ameter Dsr which 1s wthin a range slig ess or slightly greater than
t he outside di anet eThBpimheddsegabeei2cias baaknidr. guSkepdriigud & whkh id | eadi ng
section 45" of the ui de Forti on 45 is tapered to facilitate initial

i nsertion @flantebtodfi; S%Bglwi hip fhepyitepiend of theeplargedr Gamefensisvesharkahinee Bér e 28.

I nsertion i i : : : : - I at
the outer é%l (l)%gesq‘ @gll\?g{eg aeﬁgng%ﬁg %&Q%%egﬁ%%%%ﬁeﬁ%g gg@étp?gﬁé%?enbl ed
to thel8l eaneislét,a difieetspDinehiick dsmitkiniangngeoslightin ledS ot slightle greachy cled the amet er
bore 30 and the guide portion 45 in the enlarged di ameter shank bore 28

provi de t hautsiie«iigmeieiPp gf therslecys shagk 24 S5¢ Fraurry2B6 Adgading secfipe 4aif tf  t he
| ] h . o ' . i f. d
bore g asice boRIh I8 o ARih 3R hREPURSBIbH 1 b bl b, O°

i ncl udes arhe Rfealiangat tenk BeeOSd Ieeativet i tlsg Fadditated baNhe tapbRAtb@RePOr ti on
48 which extends rearwardly fromthe shear ri ng 46. The gripping and
portion 48simcpartien 33 abihe obtes endefl heavsshangrbore 28 .eNoworitlythsaie 44 BB-whi ch are

2oP 210 )AL SRS LSRN AP IS S 2

r e cres I'nCrease | a

direction bbo@Beanddhe ghidspbeionds ih thdBtarb@l dahbRe sk VdiLIs savidece: | | ne 53’
extending at a preselected taper angle A At the sane tine the depth of

t he ret ent deviregrabigpasntzg thheheandeg 4hageinst hegad @f the collar shank 24 and the
tapered countersunk portion 35 of the enlarged bore 28.

Looking now to 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
retention grooves 50 which are separated by retention crests 52. The retention grooves
50 and crests 52 extend annularly.
The diameter of the crests 52 increase in a rearward direction from a
25  diameter Dc to Dcc 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 pitch 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 increase in a rearward direction
30 from a width Wc to Wc'. The tapered structure of the retention portion 48 with varying
crest diameters Dc, Dcc, root diameters Dr, Drr, crest widths We, Wc' and pitch P, P!

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



di rection whereby the root dianeters decrease fromDr to Drr. In addition
the pitch of the grooves increase uniformy froma pitch P at the start to
a pitch Pvoaw/ssees end. See Figure 2B. At the sane tine tremnisd/ss7ed t he
crests 52 increase in a rearward direction 30 froma width W to W'. The
tapered structure of the retention portion 48 with varying crest dianmeters
Dc, Dec, root diameters Dr, Drr, crest -vi-dths W, W' and pitch P, P
results in part fromroll formation on a relatively strai ght blank.

However, i that thelirdrease dal cid WisHHOBR) V&' BEHEtdIRQ2Np8ESfing fof thé atcrdabeini mdinkase
in crest wdth W, W' assists in conpensating for the increase in radial

pi vot | engPot ]§§E¢1trPWétu?% %ﬂ‘i‘ltth%d?fé?ﬂs%gb@of apgLst %di Frend ingspase gy ¢regin g

i ncrease i fi,6l83hc ﬁc@.mﬂlﬁfnc%se eGian i Wﬁﬁééfodi sWh3hdte € in Wear @l SO

provides an 1 ncrease In shear strength to resi shearing as the nagnitude
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generally smooth shank portion 57 extends between the guide portion 45 and the splined

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
response to 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 sleeve 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 between

the pin 14 and sleeve 12 to move the pin 14 into the sleeve 12.
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engages the inner surface of the sleeve shank bore 28 at the clamp and lock section 66

20  which is in engagement with the inner or blind side surface 64 and the adjacent area of
the through bore 16. At this point the tulip shaped blind head 61 is fully formed and
further movement of the shear ring 46 is substantially blocked.

As the magnitude 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 or
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
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shown in Figure 4, essentl y two o retention cres 52 and one
retention geao¥2opératindly elgngopeithtthe/sheyr Iemg@wdl varty Idepemkimgalpea the i ng 46.
Figure 5 shows the fastener 10 in the installed C%hdltl?n wth
overall thickness or grip of the workpieces. In this regard the overall grip range of the
fastener 10 can be selectively varied by providing more or less retention grooves 50 and
20  crests 52.
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 ring 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
increase 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
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further increase the strength of the fastener 10. In this regard, the material of the support
20  ring 67 will be compressed to partially flow into and fill the area between the pin and
sleeve 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 guide
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 further 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.
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and sleeve 12. At the sanme tinme, the axial length of 20 slit 38, when
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adjacent area between the pin 14 and sleeve 12. At the same time, the axial length of
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 function.
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
element 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
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around Rockwell B 90-95. In this regard the outer end section 24' of the sleeve shank 24
20  at which formation of the tulip shaped blind head 61 is initiated is generally annealed to
a gradient 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 aﬁnealing 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



a gradi 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 2W0.030kd038 facilitates the initial novenent of thecThsar/3sBag 46
into the enlarged shank bore 28 and the radial expansion of the shank 24
to formthe tulip type blind head 61 and to preclude bul bing 25 from col um
| oadi ng and/or splitting of the outer €i3d of the shank 24. This al so
facilitates shearing of the surface of the shank bore 28 to formthe
support riwgrkpecestdfacetddas sulpmtiblly atrfgll 6Zerpgh. nHhis dindvedn @hhpicesthk strenith t he
sane time, the anneal ed nmaterial of the support ring 67 provides a

rel ati vel yofslampped lock seqdtiondbnni ch facilitates conpliance wth the engaged
surface of the shank ' t . .30 and
sl eeve bore 28 as no‘f’gggéflﬁtﬁfﬁﬁ@rieggg%ﬂ%grﬁt agﬁgrg% |eﬁr{1¥?ge€?r{1§§%gg |ts:rgl‘g is
l'imted anshteritcymdsteritidl ked ebicris ireaitbagandrt ovithdie owleewellypi¢dssufaretSon of
the sl eeve shank 24 in the,  clanp and. | ock section 66 of_ the enlarged tulip
bl i nd Readwhte the resegndenividescleatansewipthyyuies sdgg o e Mogkmieessonsging 181 3

wor kpi ece f 4 ‘ : i .
enhances the hss?éréeér}lg?%d &g? &%ﬁ%%gyae%h?rggiké% }ngt%lé 2%%%5ﬁ%l§t }ZO ,éb{e{:lgﬁ &nl ar ged
sl eeve heakli2Gedihst the haijue RenstiuoGopof the sleevidheaat] 26tpsovidestiaipreveddbesadigg ent i al

end which is in engagenent with the outer workpi ece surface 65 5 while the
recess 27 patoesnibs risE@artionc® adithe prer workprece agéacsfoStin sesiss slpnage e ioni ng
18. Such sl eeve head. constructio re. [FAYA W, t.ener
field, howsvel ,tE? Yigas™ bsg'ﬁ% %ev%c}h? ﬁ%@%@ﬁlg@%@ﬁé@é%@)ﬁ@?&; Uct ﬂ%hﬂg?lf %@eﬁsl eeve

head 2 pr@uideiseiwii Q¥ eshd@amangkis RejftRadledvba2 b Bbviddy 4 substad@algnd t he
out er workpi ece surface 65 to resist slippage. In this regard the engaging

surface of unifrempaafachengepegeorith e waskpiecesuraeet i Al thy sgnafigme thevgidth 10

quadrature with the |ongitudinal .axi f the.slee t rovi.de

substanti a‘_?%e gfﬁﬂnﬁﬂnr% rg’ﬁf‘?%%%ﬁaésnbge 516 Zlﬁgaﬁr? ﬁ _tWEoﬁlcﬁjhaerei&%%Féiéihé@le‘pogl §¥4t5am218365 . At
the same tjmBad Bistridudbh suttantibBy WeBEHEstéHi0H o Helrir@potfo2$ akkBefnthbi M ted to
provide a relatively high concentration of load distribution substantially

wi t hout di workpidce surddcettie6’'i hythoregardnthe gecgsr i jeihed tofbe kipg @erion 2% ace 65,
65'. I this regar he recess 27. js.joined to the. rin tiaon 15 with
= genelal 1Yt paievers kSRR o Rrinbii g s ny Sael imkiersh B R p8 et ten  ne
area of th&gagiﬂgfwﬂfﬁ& ot4hd AgEp&tioh DY ik fé%)%oﬂé@'f& {heR1at$ fofcd HpRSAEFLHEO the
clanp force applied to the workpieces 20 and 22. It is believed that a

beari ng stwe_ﬂqpieapqal() al 2 t he ring portion 29 against the engaged surface
65 of a magni tude nelatris lgerh%vgtf &1%’: ellgea?‘ltnrges{}ggsgpglfiecf l?ye thg%tn%rﬂo%lionog9 eggglenst

the engaged surface 65 of a magnitude near the tensile strength of the material of the

20  workpiece 22 will provide a desired high magnitude of bearing stress. Such a high
magnitude 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 installation 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 stress with a resultant increase in frictional force to resist slippage of the outer
workpiece 22, 22' relative to the fastener 10. This is especially significant since there is
essentially 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 strength 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



20 workpiece 22 will provide a desired high magni tude of bearing stress.
Such a hi gh magni tude of bearing stress will substantially optim ze the
slip resiwpDanossobet ween the workpi ece 22 and sl eeve head Pe@/usShn3g7bé s
regard it has been found that a bearing surface area of the bearing ring
portion 29 providing a bearing stress at installation of at |east around
40% to 50% of the tensile strength of the- material of the workplace 22, 22
25 provided the desired anount of bearing area. This then results in a

rel ativel yslbdvghhead@aahd g tyglicad protitididg thpd esviethand isishowaas Eigure 4B bad wilhal
force to resist sljippage of the outer workpiece 22, 22' relative to the
fast ener 10e divpssed. s especially significant since there is essentially no
hole fill between th . 18 of i.ec 22" . L e
shank 24. Wor kpi eces%%gz)‘?{ﬂgé&lg%qlg%a@h%g&égteeaﬁeeﬁ at%é ’Wslé%‘h%lggggzrnggrt S?/llf)tlg@\gl |y
nmade of 30martier todroviddehrasorn feeisfagtd. OMiengdatinglalsceMsA3a 1griaht ddvi ng a
tensile strength of 58,000 psi and yield strength of 36,000 psi. and

6061- TO al eiersHieian briween thaoin B4 and sleavglR dyring sistrdietips therghy agsiging

strength of 40 Sl . TRAL | f (110190} /
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head i s sheyof Qlﬂiﬂbﬁt_&ué@a@@ﬁbtﬂ&l Bhfetyhﬁlrﬁ%%ﬁﬁ&@dy Cﬁmlcﬂubﬂldbhﬁmﬂl n 14 and
sleeve 12 are plated with a zinc or other suitable wmaterial to provide

corrosi on ¢adings arapeovidetempindst fon gedarisan indrividen aghgontgbsuriagn of Bnalesve educes

friction bet t i 12 .during .4 nstallat t hereb
hssisting TeBheabdftcd ARERTRER s it At b T
reduceth bymhBands @ 8barthd @b %ppfﬁ@@by te RatiHDFhE BHitiof VO Fedadice il Baf et y

Film 616 made by Castrol. Suc ubricant coatings are provided mainly for
reducti on $ubstaniidty wrefigctedhe outer surface of the sleeve shank 24 and the

bores 28 and 30 thro t.he. sl.eeve.. At th ane, ti.me cause. of the 10
magni t ude of beari ngﬂgp?lélgglsﬁﬁ’ﬁlqoge& t@%} "@%@C’%&?PP%S“PP%“%&FH@H 29 slip
resi st ancepddrined®y tedsdratiohdpih HNAfd $&v8d2 ahll iShA WeporRitipbs afipt €d t hat
t he | ock nechanism of fastener 10 is performed by the interaction of pin

14 and sl espeeial @matrdction ofdhe thepadlatientoolipon any special construction of the
instal]ation tool. 1 nthisg.r it shoul under st ood that .t he

uni quelbonet ruct i on’ BrieHEEs R 4LPEREbe RS RoH Shat i e P aGEa oE I p
shaped bl ipdheas 1%&69@%1%%%121?@5&&?5 &ﬁgé@m&d Rad dﬁ%‘fh ﬁ%ﬁ%ﬁ%ﬂ@@laﬁ@” be

used with other forns o chanical l'ocks at the other end. For exanple it
can be useghdibthsatidn 6beneht uedrwittodthemfoennaf medokicalbickast theothhoemd. i n t he
For example it can be used with a different form of internal lock such as is shown in the

U.S. Patent No. 4,627,775 issued July 4, 1989 to Richard Dixon for Blind Fastener With

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:



U S. Patent No. 4,627,775 issued July 4, 1989 to Richard D xon for Blind
Fastener Wth 20 Gip Conpensating Means. It can also be used wwth a three
pi ece typwolBiossd7s astener w th an external |ock ring as ®aersoz/ss7sh S.

Pat ent No. 4,844,673 issued July 4, 1989 to Janes W Kendall. In addition,
it is believed that it can also be used with blind fasteners having a
swage type external |ock such as shown-ifh-U. S. Patent No. 5,178,502 issued
January 12, 1993 to Shahriar M Sadri. 25 One formof the fastener 10 has a
sl eeve 12 and pin 14 with the const%tﬁkgq as noted and havi ng degi gn

el enments generally in accordance wt vf’znl o 'nn charts: WO Q3/1058078
PCT/ US02/ 38736 }@tglﬂﬁEVE (2 Mat erfrgljpddar dness A e%dg&ﬁdn 24' 1006

St eel Rockwel | ckwvll eve Sh amet er
Bore 28 Dia. ID Wq go" Bﬁ %90Sb§ Tﬂnpr %S(? lr?h

f Taper
35 250-350 . 109@eve SHAAR 24 Ohmtﬁ@eﬁia%e%rer Dh Lengbf&ztstﬂéaB?r . 450" . 030"

-. 035" Wdth |Rw of Bearing Riflig,4¢€a Of Bearing RijRgs Pqeéion 29 034"
Portion 29 .0Q17 in" Sl eeve E.s_g—B@a.u-ng_Eh—ng-Port i on
29 of 39,000 jpsi at clanp foraelodrP8Rrks. Di am L@{ h Betseeds Di angt er Bore

Dh 30.1580" -| .1595". 10 Heighi_tkoof Head 26. 112 o35 Ngt4n Material| 1038
St eel Rockwel —G40-42 Pyl & goves—44-Crest—Dia- .120" rax—~Root—DHa. 150"
mn. 15 Splined Portion 43 QOJtsidd DOnfeddrght Sect Qéhglﬂeaﬂrﬂg;rPortlon 43'

Taper .1630"| -.1650" to.15%"44gui de Portion 45 O azobs,p36ank Portijon 54
D a. Ds.

Width Rw of Bearing Ring | Area Of Bearing Ring

Portion 29 .014" Portion 29 017 in®
Sleeve Head 26 Bearing Stress Of Bearing Ring Portion 29 of 30,000 psi
at clamp force of 500 Ibs.
Diameter, Reduced Diameter Bore Dh 30 .1580" -
.1595",
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 Leading Portion 43' Taper
.1630" - .1650" to .155"
Guide Portion 45 Dia. Ds, Shank Portion 54 Dia. Ds.
.1855", Length L1 .053" 1855", Length L .050"
Shear Ring 46
Diameter Dsr .256" Width Ws .033"

Radius Outer Surface 62-Ra .037"

20 Fillet Radius Rf - .0005"

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

Retention Groove Portion 48

Length .360"

8 Crests 52 Dia. Dc - Dcc . 197" - .204"

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




.1855", Length LI .053" 1855", Length L.050" Shear Ring 46 D aneter

Dsr. 256" Wdth W .033" Radius Quter Surface 62-Ra.037" 20 Fillet Radius
Rf - . 00080 oBiossoead Segnent 42 Shear Plane Sp - Dia. Ds . P&8FASS02/BaB8@ent i on
G oove Portion 48 Length.360" 8 Crests 52 Dia. Dc - Dee. 197" -.204" 25 8

G ooves 50 Dia. Dr - Drr .1625" - .1565" WD 03/058078 PCT/US02/ 38736 -16
Taper Angle A of Crests 52. Along Li ne-B@ % Pitch of Crests 52 P .035" to
P'.045" Wdth of Crests 52 W .017" et ween

the fastener jof the present T ' L ype fastlener can
be readily sé¢en in review ng a A asteder in
Figures 7-9. (In Figure 7 thlep; and
i ncl udes a hol | ow sl eeve 11 tion

prior to insfallation. Fi gur‘éh&h@lﬁ@mststSﬁEWcaené'rteﬁNdl(m%fter i nstal]l ati on
and 10 securing wWor Kpi ece 120 and 122 of mnimum grip. Flgure 9 shows the
fastener 110 in the installed condition with workpieces 120" and 122’

havi ng & conbi ned t hilakdifsserfces bettvben thXastangr of thp prekbgt ihvdntiowasd #rve 112
has a gener al I]YI strai ght shank 124 of a uniform_ outsjde dianeter which

t er mi nat esMAGNASBUSBiapel fasteger gin B readily seednpeveving thy diaypessid e 15 126.
Sl 112
vvh?gxeext elr\l/P geneﬁﬁé&?ﬁé}r?ﬁ%@reng hﬂﬁf %F]ﬁlﬂ%}eéﬂggé tﬂ‘ﬂjﬁi‘}lﬁ%ﬁﬁgé

conmmuni cat 80 isphewh ¥8d enditRs e AbAs W ekete BIR dndith pihtiN4an b pElasRehbiidamet er head
bore 130. An annular stop shoulder 134, simlar to stop shoulder 34, is
defined at CQlﬁéthIu?mrd‘P ansistllag i i givsr Seshow s theafagisaen HE afisrinsadlaiinmanst er bor e

fiai ob r aneoué Sela e 0t 2 PRm AR EROE ek o ABRSIMS Befl T4ECT beo”

the installed condition with workpieces 120" and 122' having a combined thickness for

the maximum grip. ’

The hollow sleeve 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 annular
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 sleeve 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  of annular 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 ring 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



The pin 114 has an el ongated pin shank 140 which term nates in a head
segnent 142 at its rearward end (the blind end of fastener 110); pin 114
has a pl uwaloswogso725 of annul ar pull grooves 144 at the oppa3Iiuse2/sstds of the
pi n shank 140. The pin head segnment 142 has a guide portion 145 which is
adapted to fit snugly within the outer end of the enlarged di aneter sleeve
shank bore 128. An enlarged di aneter shéar ring 146 is |ocated i nmediately
adj acent the guide portion 145 and is of a dianeter which is slightly |ess
or sli ght | grapvedteatentiongortidrel 4A8uwlsickl extdndometmrardly idd theehsiremgd 46h3ahk 124. A
| eadi ng section, 145" qf _th uide portion 145 is tapered to _facilitate

i tial | nSaPORORon 4B Inslds = gevebicsivd PHBR oIl B0 ol WiANER 81 bor e
128 ihe Bidiaed, segiRAlrdAd shnahdasdh EbaRaabednd edue9d: diagpt er VIO
03/ 058078 PCT/US02/ 38736 -17 grooved retention portion 148 which extends
rear war dl y afimdanlyt. Héowéneay unlikna thelviBying Hemetpreo of/thd cpsststi2diormidg theaperdés a
presel ected nunher of retentign grooves 150 whjc re separated b

Petent i on Srgaedings3 angparing GAvFSH Grisosragves tﬁﬁ?l%%ﬁme%&% d

annul arly. JhQURYEEs 134Urb Kén o%hN G S AHIEH, S BbvdsiS 0GEER! frm ng

t he taperea SEELrE%ce Fgeeggsgﬁgfvaig?ng g@%net%?évgf P%@§%f§§§§g 50 the

di anet er opittinR] endticgrd®2s 1 5handjcrosy €52 ieGubstantipéipef ahifymucdint@rm | n
addition, the grooves_150 are at, a_constant i éh P1 and _the grooves 150
I

and crests 152 are sUBSEHRAYPAPPTIOBHAGA sopastedin gFhearRag droBy adtrpeht i on
148 is Congﬁag&g)%rﬁdﬁt f?ﬁvﬁ@ﬁ?{%ﬁéd}gﬁ%@e&)’m fite’ ALHQEr of’tﬂ@%st?é%?.‘ 154

which is o I anet e ess than e dianetér of the crests n 10
addi ti om t hédigon the guidd sotioh435 isconascied toatle blteat g 346 aiithrsubgarkhfly\thd h
substantially the sane dianeter. The straight shank portion 154 and gui de

portion 145mediapisierddhe seaighi shamqparten sband gridaporting g Herdhy dsfisapnri ng
146. Th i i | eadi i on. 145" . |
i airet or - PTaEd idhe ibuBh the RO 18P Tl Mgk BRridH Eo0lna BIREL ¢

defined by sédfienjlustel¢oLlatder Hiateteesthas theiin RRArkr 140U Adeardald paistdtS and 15

t he pin shank 140. The stog shoul der 156 is generally planar and in a plane
in quadr athruddesilpe it drdined Ry thaignetare of dheredpcadidbarpeter guide patipw 4S5 giidbove or

pocket ;1584 S . fi l,ar, Q. e l.pcat ed | diately adjacent
Phe pi I ot 15 TinSiiar0. dte oo RHR R SR R TUF P BRC 22 "ot ons
from the gyigiRatiRIWitltheldbnituliiRl SHaBKthe A 1140QNA ISk drostduigcioR 138l ar

br eakneck groove 160 which is located forwardly a 20 presel ected di stance

from the | @efinedduieatannsBr ppore ialak inmetiataly agacentihe pimsiop serulder056s Aal so
adapted to gc:bneerzﬁieyt sn?%tl?ghalnﬂ %E)%Olnaltﬁ %Qtetngg h'o%h he guide portion 145. The shank

portion 157 includes an annular breakneck groove 160 which is located forwardly a

20  preselected distance from the lock pocket 158 by a shank section 163.

The fastener 110 is also 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 relative axial force
is 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



can be of a type well known in the art. Upon actuation of the tool, a
relative axial force is applied between the pin 114 and sleeve 112 to
apply a cwbuwainsdoead on the sl eeve shank 124. When the relpatrivse2/astal force
increases to a predeterm ned nagnitude the 25 shear ring 146 will cause the
sl eeve shank 124 to fold or expand radially outwardly adjacent the blind
si de workpi ece surface 164 to form an €l arged bul bed shaped blind head
161. In this regard, the sleeve shank 124 is band anneal ed over a shank
section l2dgnitidestibhichrihe shdayring dkeis shbaed from the jgaide portidmel 45/ aind dirsiighie

wor kpi ece surface, 164, 164'  to f ciIitate,buIQLng in response to the

col um | oatanifRPEioRkAmdYRY Bisritpistbhaphpprtiondet 3pmelirhbacushi theshrasana el i s
conpl eted yad jgng% ﬁctr;'i?lfﬁw.rrét@lgtic;n ara§nusewﬁ%@gfmmﬁavé&ﬁtiﬂgg%g& H%vamk 24.

As the magnitu el ative axi orce increases It reac 6r sel ected
WO 03/ 0580ih8 skéaF ridga26 3ditBhe shéb8 ringd A6 remanmp antheatutdrlead shterslaevaghabi6 i s
sheared fromthe guide portion 145 and, straight shank portion 154. Now t he
strai gt shihkIBomovementsf thareteniion periog gl WiHeontmieuntil Hhe pin g8Pat  whi ch
poi nt the [ rLl | ' o] : j 3 ni ng of
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the sl eeveslsdianskop sholhlidr 134ivill bomengby Of pideop ehicilddra86 ped thedlockl 48 Wi | |
continue until the pin stop shoul der 156 engages.the sl eeve stop shoul der
134. As t hpeskeegrapee t Heafisstdyilafurther mpeemat oéths pin bt slpsivede thestevai | | be

noved by t by SL.O houl.der_ . i . C . fter
whi ch furt Eglr&}%gl\)/eeﬁgﬁ?eﬁbf&{ ttﬁlg ppo)}]ng%fﬁg@ étlglggf)%/gl(ég %laﬁﬁee s{"lefg{?g%q 11%6:}{%5?' be
stopperh Alo 4 Rhgnifdeat whith theginishade] 40 willige seetiall iav e dxdatthedkasre@veidol
increase 10 to a naghitude at which the pin shank 140 will be severed at

t he br eaknanskthg inséaliation completed: Auringshemoxement of dipgetenton poxtiendd8t he

novenment of .the retention portion 148 . .addit] l._.etentlo 0, 50 and
retention %‘} 19 'ii(%?{%wnlgirocgv Siﬁ(g%lb%@?%“f’ i Cfeﬁ{esols zgé;l%ere%%geﬁgﬁh @%gf?ﬁ%s 8
and 9 shOV\ﬁhgmé.aﬁgafé@rs 2hd0 dhbwithe tstenad 110Ma % fied ieeNridiconditivh With Fi gure 8
showi ng the Tastener 110 in the mninumgrip or workpi ece thickness 15

condi ti on BigdreR ghevangthetasteney 11 Hén thasninimerm p1ip or worlkpsearethicknass gri p or
bl nd Foad o rIe g e G P aiEgae R LR R S G EUB AT TRCiST P gur e
8 than in fignERdoRURAT Tikaf QEidelseth Bt thEbAW t9pIbiaithdaluS 1 isSsontwiat
uni form configuration over the grip range. It can be readily seen then that
t he fast enkrgetn the minenpnesipreondition of Figurd § thapdn thebsranmuimgip caddionmiquel y
different Hggrrg Qr?d t%sgl\msﬁo?g}' Eni%glr%ecoz 1Sg;[1reatn18rr1 o%éLr hfl? gltirp ra{nge.
It can be readily seen then that the fastener 10 of the present invention is
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 head 26 is considerably less than the

outside diameter Dhh of sleeve head 126. The inside diameter Dhi of the sleeve head 26



construction and performance. In this regard, as noted, the blind head
defined by the <clanp and |ock section 66 is of a substantially uniform
constructwornsassd7st rengt h over the grip range of the fastemarsodB8g73dhi s

al so 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 sl eeve head 26 of-1he sleeve 12 of the present
invention is of a different construction than the conventional protruding
head suchofhetdialpriahégideg therdrid? fing fortidRRANS tRBamk ak it ihvide Hiarmeserof
blind heads for the sane sized fasteners is shown in Figure 3B. In Flgure
3B the sl Dbl ofhelslow wadfiaw i the spRcave foves s Bencstlisenidhn e sl | o

e oy DO A Rt Weiaf il \ErY BB forh B At SRO R ARSI RMon SR O

li nes have"l or sinplicrty and ¢ seen

that the ouitsiafifalt) anElee thath@beating rilg@oMeonERd 12 Eact tn SR BHEShakidiall ess
than the outside dianeter Dhh of sl eeve head 126. The inside di aneter Dhi

of the 5l ewidhRewnef the byminginssution Prvesanzregrsdy 40%pidhe reial vadhal | y
i nner end t he, bearing.r 0 29 th a he ,i.nsi di anet er
onof ¢ hRet S8 Siin e PRt (24 Moyt e BT B 10hRIfe |1 O b

same radi alyoriiste§12@ 9 ARNTE 231444 129, IZIEW@&HQ@VQZFQQE@@nie?Yt cafi®vgygr , the
bearing ring portion 29 is subst anti al | y snal ler than the beari ng ring

portion 12that the bearing Suiifagﬁétrthépfr’chetm@llmamaporﬁomﬂﬂtfﬁam tofthe eisiBear i ng ring

29 40% |
g port1 BRUESES: fiots Souarall rider (BAAER HaPe bl Ming e i VROt cces
20, 2070 ang Qefacd?65,288. T2 thiLProvivek B shiBstantihiy ordafer HA@stARB® sligpagan be

seen that the bearing surface Stress of the bearing ring portion 29
rel ative tbettvieen thetskicdeheaslldtf adesudbce &5 '65' tharsbdtweemthe slekve hgaddf2érand han t hat

of the beari ri rtion 12 |lative 10 to 6 This then
provi des as@&%gtlgﬂ%ﬁ % ega[rgaa?épe sﬁin&rﬁ’ﬁé@@%‘ iﬁj Wh’g%@@sgﬂgf‘@%@ﬂu‘faﬁlé Ssl eeve
head 26 anEhlﬁwléc@&ieto%%w@éamgﬁ%ﬂreﬁﬁhT@Fé@lsﬁ Resik 185Y ﬁld"ﬁa}‘gsﬁtaéca?ﬂé’d surface
165, 165 e area aring ring portion 29 while substantially

reduced i sdiskiriidd ofthé wﬂqﬂeQecsu}:famﬁid&aamﬂloe o theshmgvbiheasl 3esi st tensile | oad
and to resist localized ,.distortion o wor kpj ece surface 65, 65" and/or
of thel3l eeve head 2@1 adﬂﬁlqrhtoéé‘d?liqv% 1’?66 EO%%b%OV‘?rFI Slrzsagﬁlﬁ%f-‘ﬁ‘f?n t he

overal | sigg 4 gz; Ce%]ﬁtsshll g%%enep @lgfﬁg bR ﬁtsanurfecﬁmfa@é&s%nﬁnhk%g& rdlghght er

wei ght and re cost |s regard the axial height H of sleeve head
26 i s the senkheaghtthef aeevalhedttbi@htthﬂdmﬁ asstheemelhdeHESf sledimreae i 26.t he

overall area and hence vol une of the slee ad con bly le
t \r/, an that Bewsygeths Oﬁél‘afl\\l:/l aj_é:a@nd hence voh?me o ﬁle s?eeve Eead ZS6 is cogsllc?erab y k%s 59

than that of sleeve head 126.
20 The following is a chart of typical comparative dimensions of the sleeve

heads 26 and 126 for the same sized fasteners.

25

SLEEVE HEAD 26

SLEEVE HEAD 126

Qutside Diameter Dh .450"

Outside Diameter Dhh .512"

Bearing Ring Portion 29
Radial Width Rw .030"

Bearing Ring Portion 129
Radial Width Rww .075"

Inside Diameter Dhi .385"

Inside Diameter Dhhi .385"

Axia] Height H .112"

Axial Height HH .112"

It should be understood, however, that features of the fastener 10 could
30  be used 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



20 The following is a chart of typical conparative di nensions of the sleeve
heads 26 and 126 for the sane sized fasteners. SLEEVE HEAD 26 SLEEVE HEAD
126 CQut swoesbssanet er Dh. 450" Qut si de Di anmeter Dhh. 512" Bearusoy3szsag
Portion 29 Bearing Ring Portion 129 25 Radial Wdth Rw 030" Radial Wdth
Rwmv. 075" I nside Dianeter Dhi .385 Inside D aneter Dhhi .385 Axial Height
H .112" Axial Height HH 112" It shoul d- - under st ood, however, that
features of the fastener 10 could 30 be used with a sleeve such as sl eeve

12 but Wi t Boiad B @tilixsd wilh Beasks oing aglush Beadecdasidabtion26. 1t was previously
noted that the unique features of the present invention W 03/058078
PCT/ US02/ 38736 -20 Sueh afastengr with adlysiniypp slspechiced 1%ﬂlﬁ“ﬁ7gasdnsftﬁlt1@ﬁnﬁead

constructiogn.. Such .a fast.ener W f

instal l ed % ﬁnmﬂ&}?i)r?ﬁﬁ‘?é?nﬂigl@ﬁ%f% ?Igr%h%%&ﬁﬁ%tg&eﬁéﬁg%{ﬁb?ﬁ%a{egfclﬁgpt| on of
the enbodi g&fborRhtsFiaHieoGike COMPOAEIY 6f the Ristedér 1(art igh@nchpomentnserisl t he

fastener 10 are given the same numerical 5 designations with the addition

of the Subdesigqtionswithithe additiorefdhe sibserind detier Sa't s Hrecelements Haf alle| y the

| L
ame 1 eat ureetpaBENGREu nl PELRATH A0 00 SRRE OB AR UF,
fast ener 19@&%&9&%1%%&&{%&'@%%% hol | ow sl eeve 12a and a pi n 1l4a and

| ocated in aligned openings 16'a and 18" a, in 10 workpi eces 20'a and 22'a,
whi ch have a conbi nedlobkingknwds Figpe 6sebliridfgstenas 1Raid shamn agldlllpﬁlwies ®axi mum

total work h th i 10a. The h -
general |y g?ﬁ%‘?’ éf‘f?‘l’e(szi%eﬂsll 42?{{1&6& gﬁ,ﬁ?ﬁg& fp,r ah&}?@ o%eéﬁ%gsolne S18 e 12a has a
t er m nghes iy Ekeﬂ %c%s bt Wak 928 NWhich hate LOBiAEHhkAcss48fresehiigg tl%'lh@;ﬁﬁﬁeh head

26a, is of _ l'ush or countersunk type. As such the head 26a is |ocated
15 in a tagapedmaﬁmnmnemtahwkrkpmceﬂpdmes&)ﬁmmfaﬁeﬁeinl@ihe out er wor kpi ece

it oS S S B e
L B LA e g g e o
of shank b@ﬁl@rg%&:he@ch%et, lcofi thel flasidor countersunk type. As such the head 26a is loclzaltjedc e
15  in a tapered, countersunk bore portion 18'aa 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 34a 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 bore
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 5S0a which
30 are Aseparated by retention crests 52a. The retention grooves 50a and crests 52a extend
annularly.

An annular pin stop shoulder 56a is defined by the juncture of the guide



20 di aneter head bore 30a. The pin 14a has an el ongated pin shank 40a which
termnates in a head segnent 42a at its rearward end. The pin head segnent
42a has awoanfsdoas gui de portion 45a which is adapted toPCirtusszisgyBy wit hin
the outer end of the enlarged dianeter sleeve shank bore 25 28a. An

enl arged di aneter shear ring 46a prior to shearing is |located i medi ately
adj acent the guide portion 45a. The pi+2lhead segnent 42a includes the

el ongat ed reduced di aneter grooved retention portion 48a which in the

pr ei nst al | pettiondda tndthe @xt stadk 402 whivarislbfa sthaltemdsdnester. rTlrgtepchonlddr SGac| udes

a presel ected nunber, of retention _grooves, 50a which 30 are _separated by
retention Bascsed gg%facwcha@ﬁ?ﬁaaﬁpgm%v%io 0T PPERY 988 PAdEacERn

the gu de. ERISRBL RGBT R sPIRl HiBoB b 0 RERaRY itfraact U1 0
40a whi ch presedécted dismhdeefromlitheiotie pockbhs8sirminlefihesithd aveakés sedtiag of thegrin

surface which is generally planar. A_|ock groove or pocket 58a is adjacent
the pir stBjikHeupebis sheyh apfagHiedIBFigFedkneck groove 60a is | ocated

forwardly a presel eﬁﬁgﬂleg}§£§H&£'s%§§v§h%§§uﬁe‘&q oG & e?ﬁgﬁlegggéag&fbio s the

weakest section of the pin han I's shown a rac in Figure

6. The she28a dndigviedoirBediosmiargsd fuliblskahadilind hbsd 6 B wkicHihasmbk &higebank bor e
28a and having forned an enl arged tulig_shaped blind head 61 a which has
t he uni quecla@p#EpPatiFpbloek sestion 6ok attbe plinthsidgsurfaceOf@. bl i nd si de surface

retantion 10 port1 o AankBUA PRst Dok ip R SREc FRREl o Mohdebti

engagerh Wi pditibhas sty ehaziavithsthe yiniesp sbaleng6d gsaped withdhe Déeve IéthpS| eeve
stop shoul der 34a being noved into the | ock pocket groove 58a to formthe

forward, isheglder dékansbthommteriahef S slopee stop shovddgsidda baag moved igp thesleglnk 40a

i's shown spev reed a‘t, e eakn 0k (rl’plov% 6C. d nd 1tt esf’egsét a!aatdip%] a
conpl et ed. WPR'S P glfné_ iR %_ ERRE condrti Sh P %[ﬂ:l
wor kpi ecesTROpia safisk 4G024s shdeh ReRld ot fR HFBaknBiEbev@b0d didake asallhesn t he
maxi mum grip condition of the fastener 10a as shown in Figure 6,

essenti al | sorapletedf the retention crests 52a and retention grooves 50a have
been e&gaged with t h%/iﬁlht%g rfasrfegnre]gl&aal%'théaﬁggaﬂe@ Eorld‘iet?osr;[ Wil %vorrl%;[igc%g bB’Q and
22'a being of the maximum total thickness for the maximum grip condition of the
fastener 10a as shown in Figure 6, essentially all of the retention crests 52a and retention
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'a.
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 strength clamp and lock section 66a of substantially uniform

construction at the blind s_ide end.



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 61 a to increase
t he stremgDln3ofsothe blind head 61 a with the clanp and | ech/sez88706 66a
against the inner or blind side surface 64'a of workpiece 20"a. Thus it
can be seen that the unique features of the fastener 10 can be readily
adopted for use with a flush head type 3Z2astener 10a with an internal |ock
at the 25 outer end and with the high strength clanp and | ock section 66a
of substantially uniform constructi@hZiM$e blind side end. WD 03/058078

PCT/ US02/ 38736 -22 Al 1. Ablind type fastener for.secur] a
plurality bf workpi eggéuﬁlxgw%@ﬁtﬁ@er;ﬂr s¢g %aﬂﬁiﬁ gré\goﬁ?ﬁc%mgbfﬁg@ta& si de
surface an j ki i hi 98 fones wakpidte haeHe R MiMek Si Ng: 5
a hol | ow s%gﬂ\}gbxﬁgﬁ%%hghﬁgﬁgﬂﬁgﬁgfﬁggigalglnélgve hzg{%&ng a gl eevee shank
portion anddasuréict asmerlsiapeeve head at one end, a pin, said pin having a

pi n shank portion and a_pin head segnent, i)gid pin 10 shank portion
adapted t o be | ocat edbollewslecvahayingn Brehdorg sl eeve with said pin head

segent |ocated at thgq eRdydHaval foiseBSHEITRNS, BRI & GlaBBPASHethead il

sl eeve head, said pin's portion having a p ec opposite from
sai d pi n hegtkendsegnent and adapted to be gripped by an installation tool
whereby a relative axial force can be applied between said pin and said
sleeve for installingP8hid fastener, 15 said through bore of said sleeve

havi ng an enl arged bgr ' L | : | ; a reduced
di aneter bore porti o%@%’%ﬁ#&%fﬁlﬂéﬁe ogﬁléf?%gfﬁﬁ?%ggd g%%é&ggﬁﬁgﬂ? nwar dl y
extendi(ng slaBRpBrtRnCapRe td Belocated Wigir saiCbore®f edid kbt with asid@ih head

reduced bore portions, said pin _having a pin shoulder portion adjacent said
pi n shank grantenblecated atihe epéohepidsleavedihamepation gpppsite spiditlackaheasds sai d pin

shenk orLion & vl aAgh, AWl dn 51 DS AR OSIU S Ot o
proxi mat e shftnPhil £daPRdI6BYIgEBped by an installation tool whereby a relative axial force
can be applied between 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 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
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 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,
30 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

portion,



said pin head segnent adapted to engage said sl eeve shank portion and to

25 deformthe sane to forma blind head opposite said sleeve head in
response wo oa/ossehat i ve axial force applied between said pcn/esazi3syaé d

sl eeve, said pin stop shoul der adapted to engage said sl eeve stop shoul der,
said pin head segnent having an enl arged shear ring adapted to engage the
outer end of said sleeve shank porti om280 said pin head segnent having a
reduced di aneter retention portion connected to the end of said shear ring
opposite from said osdiéretexiibngfortsai ebngiresengen jslheubiky ombd)‘i'asmnd\tﬁs’@;’:/ 058078
PCT/ US02/ 38736 -23 said retentlo ortion onpr|5|ng a rality of
grooves and crests, Sd4sbeagragpd arﬁt?igtoé’&é‘b‘?vé iptg spid %al?qn#tp@ d sl eeve

shank port J[rrhg&lﬂlya{ £ & saitd rut a?ful ?@ﬁaﬂeﬁ Wik e %Hh'a?ﬂa}%? &fdjlt E‘Lek&goﬁead

with a cla section nner SI sur pi eces
at a presehtah¢ aoenEde birfide oﬁfhervedrhpnem ah d ipedselocibd regnandk dfaclbivadxial
position substanti al lra¥ bl acked from further novenent at the inner side

surface, sHIer dabert agottamtwbaandalbeblasied fean firlier Dovempntit Hisdangegnent
at a Iargﬁi %ﬁ.%gt ude of relative axial force whereby said pin shank

portion w moved through said sleeve shank portion until said pin
st op shoul der engagesaié shedr sihgadtstope sﬁéhrsmﬁuﬂn(mfdIimhiammgmnﬂatlaock sai d
shear ring being sheared across a shear plane whereby an openlng is forned

in said shissger paggitedaefiiglalive pdaldprsmaprenysainin shankportigmwilhee @pustet er of
d
el S R N RN BT T S N

sai d stiear shouligr v fobrnssaidjoclcrests engagi ng said shear ring to forma | ock
at said blind head, said pin stop shoul der and said sl eeve stop shoul der

havi ng engagi ng sur saé shaseing beiag skiarascacrosg awhear piansrherehyrangpering ieev e
o S bRt LB AL o Bl

surface oncrgggd sl eeve for stopping axial novenent of sal d pin thr ough

said sleeve. 2. The fastener of claim1, with said shear ring adapted to
shear materi al as said pin shank portion is moved with movement of said shear ring

15  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 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 facilitate movement
30  of'said 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



fromthe inside surface of said enlarged bore portion of said sleeve shank
portion to forma support ring with said support ring being conpressed by
sai d sheaworosfosgorr sai d 25 sl eeve shank portion at the i neem/sonss7sur f ace
of the workpieces and as a part of said clanmp and | ock section. 3. The
fastener of claiml1l, wth said sleeve shank portion being of a generally
uni form hardness wth a section of sai-@4sl eeve shank portion at the end
engaged by said shear ring having a gradient of reduced hardness to

faci it at efom\iesmmside 30rfade oFahid cabie@dd Hordygortibh f said eleevd shaglegorbion € porti on
of said sleeve shank portion for Initiation of formation of said tulip
shaped bl i fesmaeapporyring wathfsaisk support gng being pemprogsadibysaidshstraing inispig adapt ed
to shear terial ,V\O 03/058078 PCT/USQ2/ 38736 24 fr he_inside surface
of said ermebemrEtgr o st 146 Pares SE0E dupitohaPabn oe B pif o o

support ridgimplahdiceRiseetfopport ring being conpressed by said shear ring in
said sleeve shank portion at the inner side surface of the workpieces and

as a part of said ciahileamedhimbcporter being of 5 gensrallysinstova hardgss Wk & on
being of a generally .uniform hardness with a secti of .saj d.sl eeve shank
portion atse?'ﬁ%l%% 1%%8%’5@8“%‘”5&?‘&“5@%8# ?ﬁgﬁéeﬁ%?ah‘gs & gradt e “ of reduced
har dness tgafiasi dfirbdiced BRRAEIsNE rR11itAR Bk of hferia G ohdht deiduutReLoOf

said enlarged bore portion to formsaid support ring. 5. The fastener of

claim 1, waiderdaiged boregortdnrtg fomiaptiédunportgtngar material 10 fromthe inside
surface of_said enl arge ore rtion .aof sai,d sl.eev nk, portion.to form
a support ¥ing with Ls‘%egasgi?ﬁb%f‘ﬁmm ﬁ’d’f”&e?aﬁ Sl?%ﬁ’ﬂ?%%‘gaé’ie% sh ranaé%r. ring
in sai@) SkGRYR: SERRKuANLIrRRdnld N YoRSortich B8 sy sbarashafik bheiowes kpi eces
and as a part of said clanp and | ock section, said sleeve shank portion

bei ng of afogenreuppdry ringwidrsaidrapporesisg being campreSseddiytsaisishedr rixg id sgideeve
shank portion a he end engaged . said ear ri.ng having a radi ent of
reduced hasrlﬁﬁ‘(8§f§ﬂ"§<op°ff§%‘? P‘itﬂgtf’gl%ﬂ%ﬂgﬁfﬁﬁlféwﬂglﬁgﬁﬁn iaﬁgpfl‘?if’gsaé i d

enl arged b ' sai d sl eeve shank portion for initiation of
formation %?&ggﬁgh%ﬁﬁ?%ﬂi aped blind head and for shearing of materia

fromthe inside surfaidsledveshik potion beidg bbHa genepadhytirnformdhatdmess wahd support
ring. 20 6. The fastener of claiml1, with said crests of .sajd.retention
porti di ieehenel SHf FReVGi shvl mrﬂ%atr%?refr s sdShoREERS L?Vﬁ@g. 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.
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
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 engage
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 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.



7. The fastener of claiml, with said crests of said retention portion
increasing in dianmeter and wwdth rearwardly fromsaid shear ring. 8. The
fast ener wDoclossoms 1, with the outer workpi ece made of a necalisoz3s72é
material having a tensile strength of a presel ected nmagnitude, said

enl arged sl eeve head being of a protruding type and having a ring portion
at the radially outer end of the undersifie of said sleeve head adapted to
engage the outer side surface of the outer workpiece, said ring portion
havi ng a b&aring ar ed plimliyde feyteachioars¢ongng tphsslityiof lworkgieces hobudisg aisi de
surface of at |east around 40%to, around 50% qof the tensile strength of the
mat eri al oPUChEOBtRIEH® %Wﬁﬁpé’&éﬂéﬁ@ SHG2G a8g 3B RS XporkINgge BAvingAndRNSti el di ng
of the out gfdeslﬁlifgc%c%g{ptlﬁﬁ%' and/or ring portion occurs. WO 03/058078

PCT/ US02/ 38736 -25 9. Ablind type fastener for securing a plurality of
wor kpi eces i ncl udi ng adllowuicere havikph daoeugtaborag an outer side surface and
an i nner workpi ece having an_inner _side surface conprising: a hollow

sl eeve having a throdgf S%@Y"el}a‘gn%éﬁlée‘éq %%P%?Fﬁ@danﬁmé@?g slepyikeadd t i on
and an enl grged; sl eeve head at one end, a pin, said pin having a pin shank
portion and a pI'n head segnent, said pin shank portion adapted to be

| ocated within said hgig of said sleeve with said pin head 10 segnent

| ocated at the end of said sleeve shank portion opposite said s|eeve head,
sai d pin shank porti SHAPHEYRHENS piy shaglepqrtign aphp oyl head segnetiasetl Birn head

SePer e a A IRLEh AphE (JEL AREM el ABLAIIALUANN ORI (|

relative axi rce a n sai

i nst al L& ng s&mheht Icxate@nethe eddiodl s4lll BlesEgHaANP PbittioddpPalicnGidkldyveakaeck groove
connecting said pull 15 section to the remai nder of said pin shank

portion, said througHaiB@ieshspk partigndlagiaga mdhseelipraeppesitafrgadaisarie heat t i on
o002 SN AR 195 BRSPS b P BRI,
enl arged apgh beshitied bbWeen sfHaDin SiSsaiPdesailr RitAlMg\hRATageRrN Shoul der
portion adjacent said pin shank portion
said pin shank portion having a breakneck groove connecting said pull
15  section to the remainder of said pin shank portion,
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 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,

25 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,
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 sleeve shank



and being of a dianeter larger than that of said pin shank portion, a pin
stop shoul der defined by the juncture of said pin shoulder portion and
sai d pin wbanksgasti on, a | ock groove | ocated proxi nate saCA/YSONIFTBOP
shoul der, 25 said pin head segnent adapted to engage said sl eeve shank
portion and to deformthe sane to forn1$ bl ind head opposite said sleeve
head in response to a relative axial 1of ce appl i ed between said pin and
said sleeve, said pin stop shoul der adapted to engage said sl eeve stop
shoul der, PQ&°8, pi n head segnent having an enl arged shear ring adapted to

engage 30 the outer . sal d.- eye. rtion ai d.pin head
segnent having a redﬁ%@get%tgﬁogtrﬁlr%%#ﬁyélgfﬁﬁt%ﬂpg%%ﬁe 3898568{80 the end
of said shear ring opp@shdaerihgatamed @ RuUheFedand safd S&@ive seakeioetighank WO
03/ 058078 PCT/ US02/ 38736  -26- portion, said retention portion conprising a
plurality Broughsaideanterfadde symsa tulipshapegihdiad headhyyith dabrneniandlople septivad i nt o
sai d slgev I I er.end to forma tulip.shaped
D11 nd Hoadeut Angr S hisPe g el RpRRis gk gbiefR maipl S Gebllys BRL0r ¢ ne
wor kpi ecesfaite andap®sel gpbstomnditantitiey Bibckel firh Vi@ 1R¥ hithvembt £ ehfinfert 0 be at
a position substantially blocked fromfurther novenent at the inner side
surface, s#feswfsar ring adapted to be sheared fromsaid pin head segment
at a larger magnitude,of relativ i,al . for wherehy.sajd pi n shank
portion will be nnveﬁud%ﬁmfHP%aaﬁ%§g§&m§P359£ﬁ8ﬁ5ﬁkﬁ%é@F?%ﬁ’ f#%5aid pin
stop shoul Rgser angatek satEticé SENELEkMhersyrlddfh st kifEMS#Ifbd Abkeq Sai d
shear ring being sheared across a shear pl'ane whereby an opening is forned
in saif shiseughisaigl sheave seprk goridereigt seid pi stop shoulderspgideanaid kleed: siopt er  of
sai d cresHs (}5 %% saj%lgin shank portion is noved with novenent of said
shear ring® OBIdSE 082 4PH P%oent i on portion is moved more or |ess through
sai d shear ring w thss@iitkar fihEBbifig SRARE R8st AsHedt HEAte Wiyl Jseﬁjﬁg@i | ock
at said blind head, said pin stop shoul der and said sl eeve stop shoul der
havi ng enghginadin said sheeeringhming apredeleeied ingetdndesstianrthatiantetes af shid| eeve
stop shoulg%&ssubstantially

15 as said pin shank portion is moved with movement of said shear ring
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 head,

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 to
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,

said pin shank portion adapted to be severed at said breakneck groove at
a relative 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 pin,

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,



20 radially inwardly into said | ock groove to |ock said pin and said sl eeve
together and to finally forma stop surface on said sleeve for stopping
axi al nmovwomanssefs said pin through said sl eeve, said sl eeca/svopsrshoul der
having at |east a portion thereof radially separated froma radially
confronting portion of said enl arged bg&f portion whereby radial inward
novenment of the material of said sleeve“stop shoulder by said pin stop 25
shoul der is facilitated and radi al expansion of said sleeve stop shoul der
is inhibited, said &lﬁbﬁwkp%me&qwﬁaﬁt%a Prsdgfernaiged mEgingm a5ia

br eakneck [ I - : {tude

or oat or t hSRte 8 st 106k BptEwAElcBY s et REF R P R fEEN T o
shoul der i applicstadrdofl satkprgscdearvel aagsnidd opaxial omieds Rihétdted, st op shoul der

| ocated generally within the confines of said 3Q enlarged sleeve head
wher eby radi al expansdiémagimugiagiabdistapee baing genemlbyequaldo saidpraseloeipd st op

or esel oot ed i TPERHT TR G GetuTh TR re AOL I AR SR RUARIR o o
groove bei p@ol®gaicedlyavibiia del @nfnaeel saddleavehaxd.al  di stance from said | ock

groove whereby distortion of said | ock groove in response to _application
of said pré@el ect ed Fhgfrstonereoipfaim, arithfssidc@estsof sid Ieitendign pegiodt maxi num

axi al di st%%ceégggﬁrggia%%%gﬁ%&%gggﬁ% 9 S%%‘Iq,l resel ected 5 axial |ength of

sai d sl eeve ing sard I'ock groove and said breakneck

groove general ly wi tihefdshaecsntidimes vath i desketipashbeider hakthg athesf ast ener
of claim9, with said crests of said retention portion increasing in

di anet ¥} r pertiga therspfradiptls separatiddsom pirgrhallyidonirphiing pertienef sod celeegedh 9, with
sai d sl eeve stop. shaul der hayin t | east 10 portion. .thereof radial

separ at ed g?rS i e et |\ yfagﬁﬁ%ﬁ(?mﬁerﬂg?tto?gﬁ %?t%g%h Oﬁglﬁll 52‘?3&%&01’ bor e d
portion whefeRer bpgdialid SYREKbuIRY SRBiItAEd ddieradmBt SfjaAtioRbf SAad Heslea®)e st op

shoul der by said pin stop shoulder is facilitated and radial expansion of
sai d sl eevehaidspis ishibittdler is i nhibited. 12. The fastener of claim9, wth

Strength of2a presel SB BaCAaGH Tt ol e aeLF pud < S EMER M ng of
pr ot r ug§ NOpfaypia] RiVEhd @itk drehbifhf alREdeiceftadhaghltBdd adi al |y outer end of the
undersi de of said sleeve head adapted to engage the outer side surface of
t he outer workpi ece, 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
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 inner
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,
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 pin head

segment located at the end of said sleeve shank portion opposite said sleeve head,



said ring portion having a bearing area providing a bearing stress with the
20 outer side surface of at |east around 40%to around 50% of the tensile
st rengt h wbD oBlosso7sat eri al of the outer workpi ece and no grPeatEso2/841a6 t hat
at which yielding of the outer side surface and/or ring portion occurs.
13. ADblind type fastener for securing a plurality of workpieces including
an outer workpiece having an outer si & surface and an inner wor kpi ece
having an inner 25 side surface conprising: a hollow sleeve having a

t hrough bore, said shaépi shavk pertiondewag e pyHasaKiopaPpreite ferd said pemheadged

sl eeve head at . on nd,..a, pin sai.d_pin. havi;ng a.pin shank portion and
2 ot head-ceBtpmb AR BpR Ponih e iR o B TS L Bhk<hi -
sai d bore gfysadplisd BevReMk4ib pHPdd Ridsideador iﬁﬁﬁllllﬁﬁg%aihm&&ﬁ at the end of
sai d sl eeve shank portion opposite said sl eeve head, WO 03/058078

PCT/ US02/ 38736 - 28 sai gipheadshgment pdantedie dngegangidslenyelshakeapariden apblosi t e

f id pin head t d.adapted .to b ' . b install.ati
ool wher oo P apeye o apir P orat e B DB B RRE anc
sai d sl eevexihDfordetphRéd bétdesbfd pRshaARE sledé d pin head segment adapted to

engage sai d sleeve shank portion and to 5 deformthe sane to forma blind
head opposite said slekwesaneaperativalyepoasied withsaidsleye ard sad pal toffome e

appl i ed between said pin.and said sleeve, |0 neans operatively connected
o Ph cai d- bpedou Biyels it BATesdiina St s pRR-TBER netiuEtEsetf bove. and
sai d pin alahadefsesifi ned position between said sleeve and said pin, 10

said pin head segnent having an enl arged shear ring adapted to engage the
outer &hd of said sl esdeimsheadksegoerthoving aul ehlgiged shéar aingadgwed thi angeger t han

G ametor 1 BRI R hG 7Py St BuoR 6F BOARBLE DUEF S PRCCRE 694 B3 shear
ring Opposbtts%idf&ﬂépeﬁiﬁ! d outer end of said 15 sleeve shank portion and
adapted to grippingly engage said shear ring, said shear ring adapted to be
nmoved into said sl eevad pheldedoegrhem havinp noedited diachetm tretentonchnd@ripping a
tulip s hapggrtigll icggnegtee?l(%o \{ﬂet e%d%f%gﬁgﬁea? rlli%gloggcl)(sitseefﬁ}rril geﬁd outer end of said

15  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
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 movement at the inner

20  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
through said sleeve shank portion 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 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

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,



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 nwoaawsto7at the inner 20 side surface, said shearcmiusg2/sgiapt ed to
be sheared fromsaid pin head segnent at a |arger nagnitude of relative
axi al force whereby said pin shank portion will be noved through said

sl eeve shank portion until said sleeve-2hd said pin are at said

predeterm ned position and said front lock is forned, 25 said shear ring
bei ng sheared acr ossaasahpsrshphlapetinh e mbyedaritiopevemgnti of safdehemrdingn sai d

shear ring, having. resel ected dianeter | ess.thgn the djgnmeter of said
et ont | on BERAGH e EER aSHR oo e BT 1 AEOLE Y TeRVRREHE of sai d
shear ri ngsai@h&%%ﬁﬁé‘g%gjsd‘@él?eﬁﬁﬁﬁé‘t%ﬁnﬁrlbéi@ét@gidg%ﬁ'lﬁﬂd.' s moved nore or

1
| ess through said shear- 30 ring and grippingly engaging said shear ring to
forma | ockS.at sai d Wheé fedtenenek cldith 13TWahf ast ener of claim 13 with: said

retention portion conprising a plurality.of grooves_and crests, WO
03/ 05805(;8 PCT/ US02/ 3§73 Etentng ngl%?oafllﬁ%ﬂi Hw?lﬁb?€$8ﬂvﬁs§n§rﬁvéﬁa with

movenent of said She@e{id%gﬁ%ﬁglg#&%ﬁ%ﬁ%bﬂi%ﬁﬁﬁ%‘vie&%mp&fsﬁd%eﬁ%@g moved

nore or |ess through sa rrng wt sal d crests engagli ng sai d shear
ring to foblorled sackretentisnaipdrtivhibethgheewtd Mdre of hess flastgheaid dfcactiag with3 wi t h:

5 said retention portion ¢ risin | yrality qf grooyes and crests,

sai d pi n sHANRCHS FPEI S ?I%éﬁrlw g(hf%ﬂg\?gﬂé?ﬁt Sélﬁqg’é’gdleé ear ring bl ocked
said retention porti [ : ; ' r..f4 NQ
wth said crests eng&%?%@gg?@&gﬂgggnﬁo%m%ge‘ig%?% g%’%ﬁ%%@??% sg{d: nd
head, Hai dpesetadtad dibmstir dorhetientiidvheao kihgand breireagingfin diadicasretewagiligat er

than said 10 preselected dianeter forned in said shear ring and increasing
in di anet eﬁoméémﬁﬂ]rylg-from said shear ring. 16. The fastener of claim 13,

n di amet . . tener of claim L
S2i d bore B el d oulay PRt AREPY pR e deor AR 1o PRl Rl 00 0

ring wth gandhs ipfilersurftd\er saki hige asalt @a&ehdRYf ssidistbest Sk poftpnite sai d 15
sl eeve shank portion at the inner side surface of the workpieces and as a
part of safosm acquanert Hing Wibeseikapppidaing being compressed by said shear ring in said

15  sleeve shank portion at the inner side surface of the workpieces and as a part of said
clamp and lock section.
17. The fastener of claim 13, 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 facilitate movement
20  ofsaid 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 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 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



17. The fastener of claim 13, with said sleeve shank portion being of a
general ly uni form hardness with a section of said sleeve shank portion at
the end wogagssd7dy sai d shear ring having a gradi ent of Peduser3s1a6 dness
to facilitate novenent 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 -é0aim 13, with said shear ring
adapted to shear material fromthe inside surface of said bore at said
outer end dbrmsasuppoitetgewith il sypmpori ag heing ¢aompressed bp paidshedrmggwh ssid sai d

support ring being conpressed by said she ring i.n said 25 s|eeve, shank
portion at StRE ?hﬁ‘ﬂ]éPO’gi% %Ett?rl & Suffﬁ‘ée %P?(&Og%’é%ce% PAR %trestaldof sai d
clanp and Icp&g, a}ﬁ%&ﬁgbcﬁgﬁli d sl eeve shank portion being of a generally
uni form hardness wth a section of said sleeve shank portion at the end
engaged by sai d shearsaidishgvhahvdnkgoationgreagj afiet gapbrailg duifenn handdess yatht
facilitate shearing of materjal fromthe .inside. surface of 30 said enlarged
bore poPti 6FFto8 of §Fighs Vﬁs%a&kg?BFtionra}tﬁ%ﬁenf@?gW by saldsARedr e havingd 13, with
sai d shear r]f ter ] AenhbhpSind f f said
Dor e ot sal ot B AR R D b e e A B 3
PCT/ US02/ 3873 @uter 30d bbsaid alcswepghankt peoriting fovi ihtiatien df-fouppioert of sarbtubpi ng
conpressed by said shear ring in said sleeve shank portion, at, the inner
si de sur f acbansl blind hat xjsh 0¢ deapng ofgagrighirem e waidg suidpce Sgﬁ&nraé%qé
section, sai . i eing of a generally uniform hardness
wtha b5 gg%t@éﬁ&%ﬁ %glﬁgglg]%géé%rpgﬂgnk portion at the end engaged by said
shear nong2baving a TheadingFisteafer oBclaigetB, vattdsassetdntion poitlantiatledimpuement  of
said shear ring into said bore at, said qQuter end of said sleeve shank
portion foPlupityicAeiests Woth sait prasts dieressingan diampter searwarthn Hom sagshedad and
for sheari 5]1?1 of material fromthe inside surface of said enlarged bore
portion to & m sai d support ring. 10 20. The blind fastener of claim 13,
with said ngtention pukthliad fhskletof 61ginal3,phith &id feyentibn poefonsinviuding aai d
crests increasing in dianmeter rearwardly fromsaid shear ring. 21. The
bl i nd fast ehuplityiof eteaisyitlBsaidiiesfs énprepsingtin fiamsier 384 tidth rpareardy fFgmesaid
plural ity og?crests with said crests increasing in diameter and width

Iy

22.

rear wa ®BM’8aid 15 shear ring.
The fastener of claim 13, with the outer workpiece 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

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 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.

25 23, 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,

a pin,

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



22. The fastener of claim 13, with the outer workpi ece made of a netallic
material having a tensile strength of a presel ected magni tude, said

enl ar ged wbhagwssolead bei ng of a protruding type and havi n@cCa/usongg73@orti on
at the radially outer end of the underside of said sleeve head adapted to
engage 20 the outer side surface of the outer workpiece, said ring portion
havi ng a bearing area providing a beari’ﬁb‘stress with the outer side
surface of at |east around 40%to around 50% of the tensile strength of the

mat eri al ofhakeositerdanpisaip be desated dvitan spid hewrofspidisleenawithtsaidmie head el di ng
of the out j r / ' IO .S. 20123, A pblind type
f ast ener fgégné%{égﬁa%g aféﬁ%fearﬁg F%ifﬁ/ S%f% %g\/\%r pbé@lgg%ﬁﬁgﬁrl%cff %1951%?%6 h?)ah er

wor kpi ece having an eaitein sai pstiiohareingnd et iviesppoitk RbcaidiaN hagl an
inner side surface conprising: a hollow sl eeve having a through bore, said

sl eeve havreEment andadaptediahr spped bnamingabaticarpel wherelky arlaiveexisl fuce 30 one

end, a pin I | i . i ha grti.on and a .pin head segnent,

ai d pih Dy BusBlsy s B L b AR e BB Pt e T o b

| ocated within said bgidgidhesaksnsiteayitedid dhgsad shidiBeaRenk SEE6ERAJ loocat ed
at the end of said sleeve shank Eortlon opposite said sleeve head, said

pi n shank geermdke $pana tadomn a hlind heascanpesiteiapbdeave headin rsspaispiorn tebadiore

segnent ang._. ed t.o ri d. by -an.installation tool whereby a
relative a%ﬂgfﬁ’?é()er%’ghe%g% e%gﬁigﬁ%g&a@és?%%n said pin and said sleeve for
installing said fastepfmeaddbferBiivelEathesied KEMtsarIdAE8Und G218 PAABSoRARD

sl eeve shank portion and to deformthe sane to forma blind head opposite
sai d sl@evéockdgtivien spidsirsiie and spidipingit apredeteraiied pofition detaysph said skeevaveen
said pin andd saéd. sl eeve, | ock neans operatively connected with said sl eeve
and said pfi t8“P8Brma 10 | ock between said sleeve and said pin at a

predet ermned positi gdRelrRRRpidiednle@F Y SnctANE nSRirfh Riving § AndiIOMtSbth
wor kpi ece made of a netallic material having a tensile st%engt]h oé;ngta
pr esel ect edf apgsélecicdmagnitude,
said enlarged sleeve head being of a protruding type and head having a
15  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 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 occurs.
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 force 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



said enl arged sl eeve head being of a protruding type and head having a 15
ring portion at the radially outer end of the underside of said sleeve head
adapt ed two osfsgge t he outer side surface of the outer workpison3s7s@i d ring
potion having a bearing area providing a bearing stress with the outer
side surface of at |east around 40%to around 50% of the tensile strength
of the material of the outer workpiece3dnd no greater than that at which
yielding of the outer 20 side surface and/or ring portion occurs. 24. The
f ast ener oflargbanagid®de of rdiatvgiadiabfachwhercbeepépin nertian vél bamyegd shear

ring adapted to en e the outer end of, said sleeve shank portion, said pin
head seg rreﬁlﬂroﬂﬁli‘/?aﬁ s e‘fee%‘&@éamﬁioﬁﬁﬁgleﬁmq%lfléﬁﬁ SbHI%SSIP FHE6ReS s(%biﬁ]i%eéff’ &8Pt o t he
end of sai ¢,5088 0" thAYsAPRREI te fromsaid outer end of said sleeve shank

25 portion, said retention portion conprising a plurality of grooves and
crests, said shear mrhidghagtapigdeingshoaredoooss i sitcor plahelwhenrsby en gprmike iSor t i on

t hrough_said outer end to.fqrma tuli ed blind,head with a clanmp and
| ock secti dArmagd insal isﬁﬁaérrm& ¥m§l?r3rﬁst?£e°%paat? etﬁbllref(sptpa%ﬁjse cﬁgim%elb?%ggjl ected
magni t ude @‘res?sel ative axial 30 force and to be at a position substantially
bl ocked fromfarther nmovenent at the inner side surface, said shear ring

adapt ed to be shear edsfkaidmpis stiadk poriicnesithosedywithtmaeterentf B8] 958078

PCT/ US02/ 38736 _-32 | arger magnjtude .of relatiye axial, force wherehy said
pi n shank rbéqqkpéﬁalaﬁtpntw@ DRSURIIS TeNeg HeHe 8% 5 Uranshoaud e %Wﬁ Sttt i |

said pin St&%@éﬁ%ﬁ@ﬁge%agﬂéaggﬁé%@%%@ggt SiPPingiay! der o form said

| ock, said shear ei ng are ear plane whereby an openi ng
is 5 flormed.in sai d Riecfasterdr ofclamn Ragwith prié siedaedhg ddafitathtetsbearlregeridlhan t he
di aneter of said . crests, as said pin shank %i on.is ved wi th povenent
of said shdiam feigsidpsytace el sud Boﬁeé’tféﬁlfiisgﬁ"?) KHRTton tﬁg&%aﬁﬁ?@ﬁ&ng ess

t hrough sai 1L.Ag- Wi [ ; LRQ s fsishedhafil fghibe form
2 | ook at  SURE forbRdind el Bhibro i) S ERRAPHIS PR EAR AL PN chear
ri ng adapt e tiednsdiaite siefhes 6fthe whrlgpiedehend xsd ptet sisafddempfand &ictt sbaioa. of

sai d sl eeve shank portion to forma support ring . wt i d support ring

: h s
bei ng conprdssed by sHiedasiprsaol plapg 2t pad sheabvine sfanied Pohedrgnaterial

15  from the inside surface of said bore 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 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 ring.

28. 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,

30 said sleeve having a sleeve shank portion and an enlarged sleeve head at
one end,

a pin,



at the inner side surface of the workpieces and as a part of said clanp and
| ock section. 26. The fastener of claim24, with said shear ring adapted
to shear wetoanssalrs 15 fromthe inside surface of said bor e Pofi/i5a2/8873¢ eeve
shank portion to forma support ring wth said support ring being
conpressed by said shear ring in said sl eeve shank portion at the inner

si de surface of the workpi eces and as a3part of said clanp and | ock
section, said sleeve shank portion being of a generally uniform hardness
wWith a section of sakidghbevieg sparshaplopertion aag aphrehesddeamgiigesdd B sai d

of Coni 4 Snehmsntgch AR oS Hsebrasr AR SRR vORLEVE RO e Rl vl Ah s oo
i nitiation ofn,ERnomtden tef endalfdalitldeRe M?@ﬁtﬂni dolienshidglevehesd,shear i ng

of material fromthe inside surface of said enlarged bore portion to form
said support ring. 2%aidThe shaktpensm leiving apull eetiompprvsia fioncsaebpia betd sai d
retention-portion 25 increasing ip dianeter apnd width rearwardly fromsaid
shear rPng .S_e%?ntﬂ_n% Flg‘ﬁﬁed(cvg’@ ?ﬁ?@ﬂ% o F’énfah%é%‘b{]olohvg\%ﬁre Y ar %Ftﬂ‘fe;ﬁxb%i foroe

wor kpi eces g ﬁﬁé g@ilf&g HRRvedAUh R pilBhK RS S8R} DBtAh QM Ehasehéle surface and
an inner workprece having an i'nner side surface conprising: a hollow

sl eeve having a t hrougid thmueh bafk cfanid stderehavingu agaged bewpertsdsimisaigor t i on
and an enl arged sl eeve head at . one.end, .a pin,. WO 03/ 058078 PCT/.US02/ 38736
-33 sai d piSHeKashang Paﬂtﬂf%ﬁﬂgﬁéﬁﬂu%g@ﬁf%ef&ﬁﬁép ROTHPR prpégaa@iﬁmtﬂta%ésﬁwngi n
shank por t i qnyafaphe; h G { b RuelorsaldnlRAUAIW th
said pin hgggdlggggneggl&%%(%g%% nge{&?ﬁgbggsd 1((1)?'}%saie sl eevoe sha%k ggiorti on
opposi 116 saedhcsdl berespong@d, said pin shank portion having a pull section
opposite fromsaid pin head 5 segnent and adapted to . e.Igri ed by an
instal | ation tool wheeigymn hayigg apindogldesporigh adiacey §aig Pl SBB'FQB“‘& t ween

satd pin and,s@id ofhaitelhed Pk lld BBsa@bth Al Biigbn, Sal d through bore of
sai d sl eeve havifAg an ent arg d bor e portionh i n sa s1 eeve shank portion
and a reduced di anmet efpihetop shoildedefipedky thrtjendtercdtsaidpmdsihatdenpogiona
radially inwardly extending sl eeve stop shoulder at the juncture of said

enl arged arid saidparishasl PEEKE, portions, said pin having a pin shoul der
porti Or‘lSadJ acent sal da BEE g?o%@‘@ %cggﬁ&ﬁé?ﬁ'mate said pin stop shoulder,

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
connected to the end of said shear 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 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
force and to be at a position substantially blocked from further movement 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



and being of a dianeter larger than that of said pin shank portion, a pin
stop shoul der defined by the juncture of said pin shoulder portion and
said pin wbanksgasti on, 15 a | ock groove | ocated proxi mat @CTaisd2/ps7se st op
shoul der, said pin head segnent adapted to engage said sl eeve shank portion
and to deformthe sane to forma blind head opposite said sleeve head in
response to a relative axial force appPted between said pin and said

sl eeve, said pin stop shoul der adapted to engage said sl eeve stop shoul der,
20 sai d pi thrbvegdsagbs]eeetshaavporomnntésasi e dtop isbeulder engaged spidestbeveo stepgage
the outer end of said sleeve shank portion, said pin head segnent having a
reduced di§Wﬂ@@? ¢ BB D1 borti on  connected to the end of said shear ring

opposite from said ouf;arshend %fbelﬁ%isﬁeaﬁé@ﬁ'&?ss%@kr pIRRY Wh&QBby sPopeaid is

retention portion conprising a plurality of grooves and créests, said shear
ri ng adapt éented ibeaidwshend ringthevisgiagreseleeted detnzatér lpssrthamthe diameterghi ssidi d out er
end to forma tulip shaped blind head with a clanp and | ock section at the
i nner s? de“&8¥f ace of the wor kpi eces at a presel ected nagnitude of relative

axial force and to Begah & %gﬁggég Bn SRRV @NW IR oW eRkRCdRdid shesp iy t her

novenent at the inner 307 si ace, sald shear ring adapted to be
shear ed fr blocked shidpiatertieadosamne ntovad nere balegpethramgly saitl sHear afngvatiagaid/e axi al

force whereby said pin,shank portjon wll be mov 03/ 058078
PCT/ US02/ 38Tests engaging $aid shpsr Hag bp orm eclsﬁéﬁlléqﬁwﬁﬂ\ea until said pin stop

shoul der engages sai ¢.:sl : J : 8icd shear
ring being sheared ag%lgéj Z[ﬂz;tgg %%ﬁ?deéﬁgggélgﬁgsiﬁgsy}&gﬁ%gg@] g?\\éﬁg Enga%o rgdrred in
sai d shear siifag ek fg dreptigstk ecitathl of saidtlecvd sgssholhier suistadtialiget er of
said 5 crests, as said pin _shank portion_is, nmpved, wi.th nnvenegt of said

shear ri ngradilboredrdnino pud dekigsrpssp ddkmaiddinand sridplrevedpestbasmife ough
e 3 Sheat chARgH 3P et E 3R BB B AR AR o | ok
havi ng engagbiigh saldslseiref ace neans for directing the material of said sleeve
stop shoul der subst ars];iidaslhleax ring adapted to shear material from the inside surface of said
15  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 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
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
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  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.



radially inwardly into said | ock groove to lock said pin and said sl eeve
together and to finally forma stop surface on said sleeve for stopping
axi al movwomanssefs said pin through said sl eeve, said sheacTrisoy3sdapt ed to
shear material fromthe inside surface of said 15 enlarged bore portion of
sai d sl eeve shank portion to forma support ring with said support ring
bei ng conpressed by said shear ring in-3aird sl eeve shank portion at the

i nner side surface of the workpieces and as a part of said clanp and | ock
section, s&9d sl eeve Biedakenmoof cleim B8 with edid anlgegad batel norien olotad Pisir dness

Shear r i ng K gtan BE PR EAHE B SeRASS IO RAALE Bor H SUPRF Tt b ement

of said sheaferdd RGialYoAtwRIY t68raBedhilkaes Bl iffiaich df SbeaMenisFank
portion for “initiation of formation of said tulip shaped blind head and

for sheari ngidohearatreringl safd erargbkbim podwnsud tabeilivite suifiastiendehguthgreid
portion to formsaid support ring, the outer workpi ece being nade of a
netal | i € metBRTEIM&avi ng a tensile 25 strength of a presel ected magnitude,

said enlarggd sleeve #%ﬁﬂd bkt fer r@é&ﬁi&%qgi?%afiwmgpﬂ%@ééiiﬁ&wﬁn bRg

portion at the radially outer end of the d idé of said sleeve head
adapt ed t o cargagekpitdehavitigem @itetesideunf faceardfant ihveer ovrirkpieowhdvpigaeinneai d ri ng
portion having a bearing. area providing a bearing stress with the 30 outer
si de sur f acideoirigee pBTSIE ound 40% to around 50% of the tensile strength

of the material of the pu8§L., %%B%%qgfgggbgg,greater than that at which

yi el ding of the outer "side surface~an ring portion occurs. WO

03/ 058Q%8 PCT/ US02/ 3&3adbsleevdhadiflg aBhevd stmnk pertionfand laniemaffed skievtheali af

enl arged bore portion of said pin shank portion at the end of said pin
shank portiosscBfposite from said sl eeve head being tapered radially
outwardly to a reduceadi hi ckness to facilitate initiation of novenent of
said shear ring into sBi'd enl arged bore portion and to facilitate
initiation of shearingidsihthavibg aydpshahk portpn a30.a phn heddndgingmesdidpirener for
securing a plurality of workpieces including an  outer workpiece haying an

outer side shenlf prtionadapier foredpcaipsh wishiasaidhays igsaithslpavRarith wWipindsid ace
conmpri 3459, seglngr?tl lggéltveds elttefﬁc\:/ g'\ncf1 P&t Qﬂa%{%rtli)oqlr Spposite 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 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 sleeve 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 engage
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 to 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



10 said sleeve having a sleeve shank portion and an enl arged sl eeve head at
one end, a pin, said pin having a pin shank portion and a pin head segnent,
sai d pi n welwanksoporti on adapted to be | ocated w thin sai dpoaresopssrsai d
sleeve with said pin head 15 segnent |ocated at the end of said sl eeve
shank portion opposite said sleeve head, said pin shank portion having a
pull section opposite fromsaid pin heaé6'segnent and adapted to be gri pped
by an installation tool whereby a relative axial force can be applied

bet ween s aiatithsiinnexsiflesaifacesofgbe wotkpiecen st apresalesteganaeitide efeglative4xEp] pi n

head segnent adapted to engage i d. sl eev n rti . def orm

tho same ¢ COFBAML S B f e RERt sBpsy SRkRet BBy RR bR ot B 1l 1312

relative ayjealirhey ce applied between said pin and said sleeve, |ock neans
. € s ! . . .

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

bet ween sai d sl eeve aad shairding adapied o0 pe ehiteredririmmead pysheadsagmertéen said
sl eeve and _ said pin, 25_.said pin_head se nt. .havi,ng_ an_. enl ar,ged shear ring
adapt edgt o_l%rﬁﬁrdﬁggm?lﬂéogfﬁ?@ve@ﬁ@l g‘?”%&’?‘ﬁ‘%g}?éaéggms p%}lopimgh%gﬁlaovg ing of
a larger dig %I?Eaiél bRBySalat ?thf%_n k] $Ad HeSilRH seiachin Gl saiin head segment

having a reduced dianmeter retention and gripping portion connected to the
end of sai grafeeaminddnysitiopasd saidffroobiskigifoonedr end of said 30 sl eeve shank

dapt od 1o bo mbved IHKHEB IR AR AR CHOR S ORI CAPRCBRE B ond
to forma E%EF}% éggﬁl%gsgg%lﬂﬂg%lagﬁﬁda ;;fqi"gk@ec@edcdimeﬁﬁgs hae thesBahbeof¥aid

03/ 058078 -36 at t i nner side surface of the workpieces
at a pneéselretehtdsh paaton;t ude of relative axial force and to be at a position

substantially blocked fromfurther novenent at the inner side surface,
sai d shear ring adaptséyl fetsnHen BHE9RSaIPHERE & ‘Hatyﬁfﬁgﬁﬁe§@§ﬂﬁﬁ?&at a5
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will be noved throu e shank portion unti| said sleeve and said
pin are at wWeikdd sgidecehttsmporton peag iiovad ande srliess thromgh shidskedrsingoritked, sai d
shear ring sgiedi cr;gsts'.s Qneg%rgi?é sgi%rs?lgz?r nangstg %c?r&n E I1oac <%t \s,\a'&g Eﬁr?&l hga%, opening is
15 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 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
said 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 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,
30 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 yielding of the outer



formed in said shear ring having a presel ected dianeter |ess than the

di aneter of said 10 retention portion; said retention portion conprising a
pl ural it ywofo3gssmoes and crests, as said pin shank porti @aTigsomss7edl with
novenent of said shear ring blocked said retention portion being noved
nore or |less through said shear ring with said crests engagi ng said shear
ring to forma lock at said blind head; 315 sai d shear ring adapted to shear
material fromthe inside surface of said bore at said outer end of said

sl eeve shanidepuriageomadias ringmertionseAsprt ring with said support ring being
conpressed ,by said shear. ring | I |.eev hapk_-ROEt ,0n fhe, ,i nner

S 6 surtadd of the vdriainet Jaltad BRI oGP R A Rh U BhloHGe e
section, sahdofiLepR HhRAOKoMieh bppskilSiondsd sleedaitad akinyg taprddamahiar dness
with a 20 section of said sleeve shank portion at the end engaged by said
shear ri ngohinardly te a refusdd nekness todaubiaty indiatie sEmogehemtidfispidshearpiigment  of
sai d shegar .ring.,.nto said. b at. .said.outer end of said sleeve shank
portion foP“Pﬁg¥ﬂ§Y?%ﬁﬁ83”Pﬁ¢ﬁﬁPﬁﬁﬂoBPgﬂﬁ?Hn%ﬁ? EWX§HQB§% bl i nd 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
nmetallic material having a tensile strength of a presel ected magnitude,
said enlarged 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, 30 said
ring portion having a bearing area providing a bearing stress with the
outer side surface of at |east around 40%to around 50% of the tensile
strength of the material of the outer workpi ece and no greater than that
at which yielding of the outer WD 03/058078 PCT/ US02/ 38736 -37- side
surface and/or ring portion occurs. 31. The fastener of claim30, with said
bore of said pin shank portion at the end of said pin shank portion
opposite fromsaid sl eeve head being tapered radially outwardly to a
reduced thickness to facilitate initiation of novenent of said shear ring 5
into said bore and to facilitate initiation of shearing said support ring.



