CLI NCH PI N FASTENER RELATED APPLI CATI ON This patent application is
related to provisional patent application serial nunber 61/ 254,467 entitled
"Clinch Pin Fastener"” filed on PINPASTERD priority fromwhich is hereby
cl aimed. FIELD OF THE | NVENTI O@M@‘m% invention relates to
fasteners_which attach to netal panels by the cold flow of panel materi al
ar ound wmtype of fastener is generally referred to as a
clinch-type fastener. BACKGROUND OF THE | NVENTI ON Clinching fasteners
are retai nedThi Phﬁeﬁt dpAtfon! i9 tQatddt obilgi%ﬁalfpa?em gﬂﬂﬁh{i&%égm ﬁmﬁ?&pl acer
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feature of the fastener which is tollowed b ercut directly beneath it.

When pr jnt 0. rly .sized, hol e, tal fr the edge of the hole is
forced gfﬁ?‘ﬂ@ﬂ?’g’éﬁgg @ﬁg&bﬁ%l PZ'WCP‘?& gi??(f@’ 6&‘6@?"&}9 8&}% BremtHEom whighiser ence of
the fastener. Wien a clinching or clinch-type stud is manufactured, typically
a head herebydilsipledcer are forged into a pin blank. The undercut is then rolled
into the part in a secondary operation. Oten, at the sane tine the threads
are rol] P the pin. Wien threads are not necessary, the
under cut secondary operation which also incurs the

addi tional cost of cleaning the part. There is therefore a need in the art for
form ng a cl Thepresappinventianaelatestth fastdnars whlels atédch to etal perds by the eplel fidw vf
features without requiring a secondary operation. SUVWARY OF THE | NVENTI ON
In orde \i B i o tion
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creati nP an undercut during the sanme forging operation that creates the head
and t heldgi€8®l acer. Other features that are formed in the present fastener at
the sane tinme as the undercut are a tapered point and a tangenti al

i nt er f eBRACKESIAUNIPOPVIHRINVENGION Vi | | near shaped bul ge in the shank. The
configuration of these elenents according to the present invention are of

par anount i rtance for fasteni ins in the range of , 1 ml]inmeter in
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to be held for the displacer dianeter and height as well as the undercut

di anet efeamrdofshafistederawitick issfolldwved py es enderalt idiredtiyigenpath it eWaén preshel iteian

i ncludes a tangential interference band and a tapered point which work

t oget he i I [y : | i hol e i n. the attached
of ot o Pl T oph HerBEo P Bble 5 b B R BIPlacd e el e
fastener at the interference band dianeter only. This creates m ninmal stresses
in the Wdgreat gionndths|cirqumiarensg of the fasserar a Ndenizenlineking vhelinahrtspe stad fs of t he

hol e and the outer diameter of the clinching pin. More specifically, the

Appl i cambnifaguicBVOPcALy AhsHdl dnd'NsplRbPdre FASEERES 2 PRI, arﬁ%ag@@i i hgad that is

the largest dianeter of the fastener. A shoul der” extends axl a ownwar d

L]

i nredi at el y. bel.ow t he head ,and i ncl ud an annul ar, bott om di spl acer surface
for di sfﬁﬁﬁfil“ﬁ%th?ﬁa@rm a|seqqafimmp@ﬂovoh§%tﬁw @wmeélm%@ahmwarw%lsd ©B810- shaped

shank is | ocated i medi ately bel ow t he di spl acer surface and forns the upper

boundar the bbdyaof the giar Clherl heduide dreaiot hiRsdaty, fiss wHdercat sdihRqfifey the 3MdndHe
shoul der. An outwardly divergent tapered arcuate surface of a top portion of

t he shank extend ownwar .omthe upndercut, The rrel -shaped shank has a
il neOHSEAign o 1SR, s o el £ LGSR g PR 1BERe S RN SOk and
is the |largest dianeter of the

the art for forming a clinch-type fastener that includes all the necessary operative features without

requiring a secondary operation.



shank. Extendi ng downward fromthe interference band is a convergently tapered
surface of the shank extending downmward to a bottom end of the fastener.

The net i descri bed fastener conprises cold-forging a
fastene§g M VOWT@EW‘ZM shoul der and a shank of reduced di ameter. The
bl ank is conpressed endto-end between a top die and a bottom di e whereby the
axi al conpr eBsIrder tomeehide isbayskdasaiikrdsnecd in hataviathd presknfiingendibn ehimirsitesnk at its
m dl i ne. Conpression is continued until an undercut is formed between an

annul ar seuidate Rrfibiipanh 485 - e puhacy SORTOH ARAL G HIERE

cone-shaped pocket having a divergen

pressing surface.includin ent ered upwardly extendi ng projectiagn. The
| engt h B¥8PH ep?ra?,ff'b‘ﬁéfrcrﬁtg%fge gl??aitrﬂ@di tge &sﬁﬁm éthfélf@aéur@a%@t aigdermrssa theat i o
range such that said fastener bul ges when forned and does not buckle during

the st epresént &EREEA Shdandeltiné asthe DRderitaRka tapered polnf afD'S t-REBAH MREHorerdcle
present invention is used to forman assenbly of parts including a panel

havi ng an .aper.ture and |late lqcated in . face-1o-fgce relationship with the
panel . %P&@?‘Q@%J%%C‘gxﬁgg rﬁ’ﬁ?e@%'ﬁg id&h?h@ﬁf' J(I‘?FP Teuration of theae aPmFﬁé panel .
The shank of the fastener becones rigidly affixed to the plate by the cold

f1 ow of aqbulireg toehepresdnt inventiérhare ofi gatmotntdaipsaahdefopfasehing @i if itlﬁﬂh?@f
surface of the shoul der against the plate as said fastener is passed through
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based mpy readily be utilized as a basis for the designing of other
st r uct uhddd fortee displacer dinmetsrand hsightas welt as/thegndarcuttdimmatenandshankudipmetess. of t he
present invention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a bottomright

| Somet 1 Tige preet Slinchi@ pih Hék‘éﬂbéc%ér@iﬁ‘?ﬁclﬁ&estaflﬁneg'reﬂ’}{ﬁriﬁﬂ'effgre ce band anlla B e?ecf > a
two-part diagrammati Cc view of the forging operation utilirzed to create the

i nvention. . Fl G is a, -part side sectional view showi ng the before
and af t Rt ok ‘@ge\‘?l?rstpgu}(fgtv%ﬁq)garbélwqggqm)épmalbﬁl_ameter holepn the aftaghadpr i ses a
two-part front elevation sectional view of the invention show ng a sequence of

i nst al | plafieavhileiBEGRy BF1iENY ifder ek MHRRRRIhENRORLYVEN Fastener at the interference

band diameter only. This creates minimal stresses in the plate while eliminating any tolerance
between the inner wall of the hole and the outer diameter of the clinching pin.

More specifically, the Applicant has invented a unitary metal fastener having a top most
head that is the largest diameter of the fastener. A shoulder extends axially downward
immediately below the head and includes an annular bottom displacer surface for displacing
material into which the fastener is installed. A barrel-shaped shank is located immediately below
the displacer surface and forms the upper boundary of an undercut located at the juncture of the
shank and the shoulder. An outwardly divergent tapered arcuate surface of a top portion of the
shank extends downwardly from the undercut. The barrel-shaped shank has a midline bulge

forming an interference band along the surface of the shank and is the largest diameter of the



Referring now to Figure 1, the present clinching pinis a forged netal part
havi ng a head 11, a displacer shoulder 13 and an undercut 15 that receives a
cold flgqw of .netal fromth |late. into which the part | ressed. lt.fiirther
ot udeShanks EREndaetpRmyer i 3 SinteRlsinby bR iR SoRRbboidd BRI ac 8 it ong 't he
greatest dianeter of its barrel-shaped shank. As will be described further

bel ow, shahk erehding dowhwhidite afbiottomrendof #at fastener. one f orm ng operati on.
Typically, this part is used to hold two sheets of material together. A top

panel can be | e L0 Wi ey f.the pin
i s clinched Fﬁ?@ﬂ%@toggqﬁg‘ﬁ%e%ﬁ?& déggﬁ&d&é?‘é&?ic%‘i}ﬁ%°f’§i @%’B?g%feq\%%e
present fastener is formed using well known cold for%i n? equi pment whi ch

i ncl udeblaak hayingla bearl a shenldertand ashank of redicad dpmsian. Thpblank ascampresseéprdacer are
formed first as in any headi ng operation for the creation of a standard bolt
Or SCr e, l i A1 : : ; i d by
corpr cony SRFbeRICn B diciid e IR e g O e e
cone-shaped foql. 26 ich is used.to formthe shank body 25. The tool has an

i ncl udeau%gf léﬁgmggéﬁgééa%%t m@m‘iga@ PIEPEesHen 1SRTRYSE qa&fim I cted in
the lower illustration, the formng tool presses on the end of the part

causi ngfirinel detheemud aiiilgauifice cth shouler tbihe billpe. The Gonah dil aoktieya of the
pin remains relatively constant at the interface of the pin and the displ acer

whi ch t hus C s, t.he m noy. under cut dj ter o During. theeformng
oper at | ST oo Tepky el BT b TR o, ande by bR g e
fastener to yield in conpression and not buckle. This condition is designed
for, usinelpdings eintanetbupveasdlyreatanding projectiod=Iderlengtle o£ths fistenehblask ehwdkiness
ratio, Le is the effective length of the shank columm, and r is the radius of
gyrati o, j i . j j t he

o ber St selkoRd Wenefnts 6 fangl Sk AGIateh? EhljRs WRBR forleB TR fbestler )
colum with the head end fixed and the free end pinned. For this situation:
Le- . 707byckle duringghe step of eranpressing the &stenpr blank.he pin from under the head to the
end.

In one embodiment, the present invention is used to form an assembly of parts including a
panel having an aperture and a plate located in face-to-face relationship with the panel. The plate
has an aperture in alignment with the'aperture of the panel. The shank of the fastener becomes
rigidly affixed to the plate by the cold flow of plate material into the undercut caused by pressing
a displacer surface of the shoulder against the plate as said fastener is passed through said panel
aperture and into the plate aperture.

As such, those skilled in the art will appreciate that the conception upon which this
disclosure is based may readily be utilized as a basis for the designing of other structures,
methods, and systems for carrying out the several purposes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a bottom right isometric view of the clinch fastener of the invention.



The critical slenderness ratio is defined as: Ser=1(2 x re x E)/(cry ) where:
S" is the critical slenderness Eis the nodulus of elasticity for a given

The pin i s naichdr RebOoSaidRobbfeTien i o A8l ol Blized g g The

critical slenderness ratio "S"". This condition guarantees that the pin wll
bul ge wheentfosr red and not buckl e during the process. A second design
variable for this pinis the ratio of the volune of the displacer to the

vol ume of t?ﬂ¢@ﬁﬁé%ﬁ%—g Qfde@@&jfoﬂ%i{?i@és“shé@h&grt_ (@g@ﬂ%ﬁef steﬁhs,cg%t to

conpl etely ercut of the tasten Ieve thi the dianeter

and hei ght of the enbedded portion of the displacer are adjusted to cause the
vol une ma&ailétmnr@’th%mve@i%l acer volune) / (undercut volune) to be greater than
1. The displacer volune is a sinple cylinder with a hole init, and as such

its vol ume i BI(RAnipPis€Pd Gid-pdreirast elevdib® Becibhal ek bPthe ilv@htioiRfving " 1S the
radi us of the displacer, rhis the radius of the installation hole, and "h" is

t he enbedded hei E@pOf t he di spl acer. The shape of the undercut can be
approxiﬁﬂ?@&eggng Wy ated triangle to calculate its volume, but a nore
accurate volunme can be derived using graphical or conputer nodeling nethods.
This formation nmethod is particularly suited to small clinch pins having a
dianeter in the range of 1.0 mm

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figure 1, the present clinching pin is a forged metal part having a head
11, a displacer shoulder 13 and an undercut 15 that receives a cold flow of metal from the plate
into which the part is pressed. It further includes a tapered tip 16 and a circumferential
interference band 18 along the greatest diameter of its barrel-shaped shank. As will be described
further below, all features of this pin are created in one forming operation. Typically, this part is
used to hold two sheets of material together. A top panel can be captivated beneath the head of
the pin while the body of the pin is clinched into the bottom plate.

Referring now to Figure 2, the present fastener is formed using well known cold forging
equipment which includes a top die 21 and a bottom die 23 as shown. The head and displacer are
formed first as in any heading operation for the creation of a standard bolt or screw. As shown in
this figure, the body of the fastener is then formed by compressing the pin between its head and
tip. The bottom die 23 includes a cone-shaped tool 26 which is used to form the shank body 25.

The tool has an included angle of 30 degrees for easy release from the part. As depicted in the

lower illustration, the forming tool presses on the end of the part causing it to form a bulge 18



Referring now to Figure 3, when fully fornmed the present clinch pin has a head
11, a displacer 13, an undercut 15, an interference band 18, and a tapered tip
16. The_.purpose of .the head.is to.retain panel 10 of any material_ to

met al | | P ﬁ%eet°‘i'2,Thr‘?1?&$“}aﬁ91am$tmﬁ’cerPA? rROnS ke Vel caniatat B inferared et ai ns
whatever it is fastening. As shown in the "after"” side of this illustration,

t he di sphanéthd digdacdi whixhlthudiscemehthe heinbeadeniut diameferdbener and consi sts of
two sections. As depicted in this figure, the first section of the displacer

conprises t i I er.: to.the int _where the
plate is | orﬁ‘é%?é {Pﬁgéhﬂbggﬁ éer %‘%rpig%p%}ticlg@]ﬁggﬁggﬁﬁl%@ﬂ? L{B@gﬁtp (ﬁhﬁ? Pig sause tag get
pressed into the plate. This portion of the displacer remains within the top
panel 1fstgnérig y]eb[) meomphessios and ngt busklel yThihepnditron ik désigredder, ubing thei ckness of
the top panel. As the "after” illustration depicts, the |ower portion of the
di spl acgindbhekSratipe portion that is pressed into the plate 12 and di spl aces
material 1nto the undercut directly beneath it. Material that flows into the
undercut is frappe a%(;i\ée the interference ba 18 of the fastener to retain
the fast ener>iin/lt WAETEIH6 dhe slendernessahiay e i thesbiscttvs lenggh o€ the shanksgabamn, ¢
application is shown where the clinch pin of the invention is enployed to join
three eirrEntie, radius opgypaiwl. Bt a safiple oylgideedi at e sheet 33 and a bottom pl ate
35. The internedi ate sheet 33 becones cl anped between the top panel and bottom
pl at e when trg:eIPBin is clinched into the bottom plate. Proper installation of
the present Clinch pin first requires preparation of the panel, sheet and
plate to be joined. The bottom plate 35 nust have a hole, in this instance a
bl i nd hol e 3wharbdisitlse shqulatiatnetayiof Heimahbeéfprd fesgng.han t he di ameter of the
interference band 18 of the fastener. The top panel 31 nust have a hol e that

is slightly ; ' Lidi.spl i ss of the
panel mnust bg{eggémg'g@% Bﬁﬁg%%ééﬁﬁg%ﬂelegﬁ ? ﬁgﬁﬁns‘gﬁ%@%ﬁwwgn& ercldr(] assenbl y
is created as follows. Wth the panel, sheet and plate properly prepared, the
bot t om 1 dtce enbpinged.  Fostthig siieatipnover an anvil, sheet and the top panel are

pl aced over the bottomplate wth the installation holes aligned. The tapered
tip of the fastmnearr 36 is then placed through the hole in the top panel and
partway down the hole 34 in the bottomplate. Finally, a flat punch 38 is used
to press agaihst t.he head, 37 of the fastene riving it dowward into the hole
until the untidFsidet facf‘ﬁ}a’?éﬁggd’fél?eﬁlﬂg‘%% ﬁg?elﬁéﬁ’mgoa@?@ ‘he top panel 31 as
shown in the lower illustration. The hei ght of displacer 30 is dinensioned so
t hat the undBrecwiticdllslérslefriekd @do v definedes:col d fl ow of material fromlower plate
35 as the underside of the head contacts the top panel. Additional force

| oadi ng agaigst 2 f contact further tightens the joint.

Ther ef or e, t%él\/{%?%rc}?ﬁ (ﬁgR@%ﬁ%i dered as illustrative only of the principles
of the invention. Further, since numerous nodifications and changes wil |
readily occu¥, isthediticel Siidetngds in the art, it is not desired to linit the
invention to the exact construction and operation shown and descri bed, and
accordi ngly,g al I T L yval ents may be resorted to,
falling wit h];:ir:]st?%@?%%g??@%@%%ﬁﬁ%%&ﬁaw M5 1. A unitary netal fastener
conprising: a.tqp rrciét hegd, sai d head being the | argest dianmeter of the
fastener; Oy Isthe yielg gensdera givengiengl axi al | y downward from and | ocat ed

i mredi ately bel ow said head, 5said shoul der including an annul ar bottom

di spl acer suredegsth 6f theiphPisasdin@indB et Bt its W d¥heSatio “S” is less than the
critical slenderness ratio “S,,”. This condition guarantees that the pin will bulge when formed
and not buckle during the process.

A second design variable for this pin is the ratio of the volume of the displacer to the

volume of the undercut. For maximum pull-out performance it is best to completely fill the



said fastener is install ed; a barrel -shaped non-featured snooth shank

| ocated i medi ately bel ow sai d di spl acer sulrface; . 4 an ;mge.rcut :)gcat gdd
at the j i . .Sal d. . nder in ounde
above b REEOEE AL TOAMe B s G T heis B PO RS gl By o

arcuate surface of a top portion of the shank; and further described in

t hat t hdisplaceg@re asjustadgo fcassedheevolsinamatia ‘SVRi ofdisphaceretodanel (ahdencie vokms)r at i o
less than V(2 x Tr2 x E)/(0y), where E is the nodulus of elasticity and Oy is

Sar o ba S e L TSR TR Bl e WAR SRR, o8 Mohittoc ot "

sai d shank having a circunferential interference band, said band being the
| ar gestV' MW@Y&C@%C%EW. 3. The fastener of claim2 where said shank
further includes a convergently tapered bottom portion extendi ng downward from
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installation hole, and “h” is the embedded height of the displacer. The shape of the undercut can
be approximated as a circulated triangle to calculate its volume, but a more accurate volume can
be derived using graphical or computer modeling methods. This formation method is
particularly suited to small clinch pins having a diameter in the range of 1.0 mm.,

Referring now to Figure 3, when fully formed the present clinch pin has a head 11, a
displacer 13, e;n undercut 15, an interference band 18, and a tapered tip 16. The purpose of the
head is to retain panel 10 of any material to a metallic plate 12, much in the way that the head of
a nail or a screw retains whatever it is fastening. As shown in the “after” side of this illustration,
the displacer lies directly beneath the head of the fastener and consists of two sections. As
depicted in this figure, the first section of the displacer comprises the portion directly under the
head down to the point where the plate is joined. Thus, there is a portion of the displacer that
does not get pressed into the plate. This portion of the displacer remains within the top panel 10
being joined and is very nearly the same height as the thickness of the top panel. As the “after”
illustration depicts, the lower portion of the displacer 14 is the portion that is pressed into the
plate 12 and displaces material into the undercut directly beneath it. Material that flows into the

undercut is trapped above the interference band 18 of the fastener to retain the fastener in the

plate.



di anmeter of said shoulder. 5.The nethod of manufacturing by cold-forging a
free-standi ng netal fastener conprising: provi ding a fastener bl ank

havi ng a heag,. a.shoul det.., a solid.sha f reduced di anetgr. an anar
bottom end i ﬂefpﬁg{g WWd@%‘glgﬁ 4t B Slﬂ)ec?ﬁcoar#hﬁag’r%lrl% &Q%Wg?{ﬁ ?l?eo‘ﬁglﬁ@ pg’n‘% tﬁ‘!élst ener
bl ank between a top die and a bottomdi e, which includes a die pocket with a
pr essi npventionds emptoyed togioimthreetedeneats, aneb paneliplyanditgrreodiae dhasty3andg ect i on
oriented coaxially with said fastener, whereby the axial conpression of the

bl ank cgyams s GH 1.0l t he
si mul taneouspga%\?asggl&%%%ﬁ%&gg%eﬁ? ?E@rﬁgﬁ%ﬁgﬁg&%ﬂﬁﬁgﬁgﬁﬁéb ottom end,;
and continuing said conpression until an undercut is formed caontinuously
bet weenplelavhen) thepigrds clineked He thedottomapaten Bropst instellatorcoiihepmsemshinghpisai d

bulge is an arcuate surface in the mddle of said shank.
first requires preparation of the panel, sheet and plate to be joined. The bottom plate 35 must

have a hole, in this instance a blind hole 34 that is equal to or slightly less than the diameter of
the interference band 18 of the fastener. The top panel 31 must have a hole that is slightly greater
than the diameter of displacer 30 and the thickness of the panel must be accommodated in the
height of the displacer.

This assembly is created as follows. With the panel, sheet and plate properly prepared,
the bottom plate 35 is first placed over an anvil, sheet and the top panel are placed over the
bottom plate with the installation holes aligned. The tapered tip of the fastener 36 is then placed
through the hole in the top panel and partway down the hole 34 in the bottom plate. Finally, a
flat punch 38 is used to press against the head 37 of the fastener driving it downward into the
hole until the underside of the head of the fastener contacts the top panel 31 as shown in the
lower illustration. The height of displacer 30 is dimensioned sé that the undercut 41 is filled
with the cold flow of material from lower plate 35 as the underside of the head contacts the top
panel. Additional force loading against the head after contact further tightens the joint.

Therefore, the foregoing is considered as illustrative only of the principles of the
invention. Further, since numerous modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact construction and operation shown
and described, and accordingly, all suitable modifications and equivalents may be resorted to,

falling within the scope of the invention.



7. The nethod of claim5 wherein said bottomdie includes a cone-shaped pocket
for receiving said fastener blank. 8. The nethod of claim7 wherein said
cone- shaped pocket has a divergent side surface 15angle of 30 9. The nethod
of claim5 wherein the Iength of the fastener blank shank is wthin a selected

sl enderness rati o range such that sag tener bul ges when forned and does
not buckle during the step of conpre he fastener blank. 10. An assenbly
i ncluding the fastener of claim1 conprising: 20a panel having an aperture;
and 1.7 a Apaitay mgddtiedench compesipg- f ace rel ati onshi p behind said panel, said
pl ate having a plate aperture in alignnent with the aperture of said panel

wher ei n t he sthpmiosoheadaisaidfhasd beieg thedangegididmyetaf dfithetisteoersai d pl ate by the
cold flow of plate material into the undercut caused by pressing said

di spl acer surdhacRlepgatiibig $ailty Eanalarasrospindl hagtEienedisteRassed siiimeagh sai d

panel aperture and then into said plate aperture.
5  said shoulder including an annular bottom displacer surface for displacing material into which
said fastener is installed;
a barrel-shaped non-featured smooth shank located immediately below said displacer
surface;
an undercut located at the juncture of said shank and said shoulder, said undercut being

10 bounded above by said displacer surface and below by an outwardly divergent tapered arcuate

surface of a top portion of the shank; and

further described in that the length of the fastener shank is within a selected slenderness
ratio less than V(2 x 72 x E)/(Oy), where E is the modulus of elasticity and Oy is the yield stress
for the shank material.

15 2. The fastener of claim 1 wherein said barrel-shaped shank further includes a midline bulge
on the surface of said shank having a circumferential interference band, said band being the
largest diameter of said shank.

3. The fastener of claim 2 where said shank further includes a convergently tapered bottom
portion extending downward from said bulge to a bottom end of the fastener.

20 4. The fastener of claim 3 wherein the diameter of said interference band is less than the

diameter of said shoulder.

5. The method of manufacturing by cold-forging a free-standing metal fastener comprising:



11. The assenbly of claim 10 wherein said fastener shank bul ge provides an
interference fit with said plate. 512. The assenbly of claim 10 wherein said
pl ate aperture is a blind hole. 13. The assenbly of claim 11 wherein the
interference fit is between the interference band on said shank bul ge and an

inner wall of said plate aperture. 14. Th t hod manuf.act ur | b

ol -1 or g nga gl lasteraPRgk el B g DpThenpepEd HERROF Butr G a ¥ ast ener

bl and having a head, a shoulder, a solid shank of reduced dianeter 10and a

pl anar ¥eRtRb A% RGGN engh it that ider top i PItaEBt t om conpr essi ng end-to-end
the fastener blank between a top die and a bottom di e whereby the axi al

conpr essi on wmmpréseingleadko-eadiedadt¢rer blankhdredvdsnlagomdicand hibettenahdk veticta m dl i ne
t hereof and the sinultaneous inward tapering of the shank fromsaid mdline to

t he botihami®ndlie aockee AithiapitRtheSaibceCQAYaSH BeretNdnd anap wandl@egehding f or med
continuously between the bul ge 15and the shoul der. The fastener bl ank being

Wit BRI n 2,56k &8GR SRGENNESS hiltthQedESThdBR HE2x%1 {ém d $the WAGLE E 1S the
nodul u %? elasticity andpay ﬁs theeyiéldrstressxfor tﬁg Hfank %aterial such
t hat sajd fastener hulges en, forned d does . not .buckl.e duri.ng the step of
conpr oadiieg T @ ast i RE ot R A mRlR HRRDE R} o R PRl Sai a Bot tom

di e pocket. includes a_circula res
P tapering 0% the shank from saijcl m{dhrr)le to ale%%ttom end; and

continuing said compression until an undercut is formed continuously between the bulge

and the shoulder.

10 6. The method of claim 5 wherein said bulge is an arcuate surface in the middle of said
shank.
7. The method of claim 5 wherein said bottom die includes a cone-shaped pocket for

receiving said fastener blank.
8. The method of claim 7 wherein said cone-shaped pocket has a divergent side surface
15 angle of 30",
9. The method of claim 5 wherein the length of the fastener blank shank is within a selected
slenderness ratio range such that said fastener bulges when formed and does not buckle during
the step of compressing the fastener blank.
10. An assembly including the fastener of claim 1 comprising:
20 a panel having an aperture; and
a plate located in face-to-face relationship behind said panel, said plate having a plate
aperture in alignment with the aperture of said panel wherein the shank of said fastener is rigidly

affixed to said plate by the cold flow of plate material into the undercut caused by pressing said



20surface at the bottomthereof and an upwardly extending projection oriented
coaxially with said fastener blank. 16. The nethod of claim 15 wherein the
fastener is a clinch pin having a dianeter of approximtely 1.0 mm
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displacer surface against said panel as said fastener is passed through said panel aperture and
then into said plate aperture.
1. The assembly of claim 10 wherein said fastener shank bulge provides an interference fit
with said plate.
12. The assembly of claim 10 wherein said plate aperture is a blind hole.
13.  The assembly of claim 11 wherein the interference fit is between the interference band on
said shank bulge and an inner wall of said plate aperture.
14. The method of manufacturing by cold-forging a free-standing metal fastener comprising:
providing a fastener bland having a head, a shoulder, a solid shank of reduced diameter
and a planar bottom end in that order top to bottom;
compressing end-to-end the fastener blank between a top die and a bottom die whereby
the axial compression of the blank causes the outward bulging of the shank at a midline thereof
and the simultaneous inward tapering of the shank from said midline to the bottom end; and

continuing said compression until an undercut is formed continuously between the bulge

and the shoulder. The fastener blank being within a selected slenderness ratio less than v(2 x 1°

x E)/(ay), where E is the modulus of elasticity and oy is the yield stress for the blank material
such that said fastener bulges when formed and does not buckle during the step of compressing
the fastener blank.

15. The method of claim 5 wherein said bottom die pocket includes a circular pressing
surface at the bottom thereof and an upwardly extending projection oriented coaxially with said
fastener blank.

16. The method of claim 15 wherein the fastener is a clinch pin having a diameter of

approximately 1.0 mm.
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