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This patent application is related to provisional patent application serial
nunber 6IWB24114BJ64entitl ed "Cinch Pin Fastener” fil ed ®eoT@st@bes3988, 2009,
priority fromwhich is hereby clainmed. FIELD OF THE | NVENTI ON The
present invention relates to @mgﬁmﬂggﬁﬁwgw ach to netal panels by the
cold flow of panel material a . This type of fastener is
generally referred to as a clinch-type fastener. BACKGROUND OF THE
II\I\/EI\I‘I&EKAT_EDAP fasteners are retained in the plates into which
they are installed by a displacer feature of the fastener which is foll owed
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hol e, metal fromthe edge of the hole i1s forced cer to flow
into t nder cut. arqund {.he circ| rence of the fastener. Wen a
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di spl acer are forged into a pin blank. The undercut is then rolled into the
part iherébysdqimedary operation. Oten, at the sane tine the threads are
rolled onto the body of the pin. Wen threads are not necessary, the
under CﬁELﬁQ#;ﬁEeﬁﬁlrﬁﬁZ@lﬂe secondary operation which also incurs the

addi ti g the part. There is therefore a need in the art
for formng a clinch-type fastener that includes all the necessary
operative fB®tpresst inveniwntrelateg o fastegera vdeduoattiah o mptal patetrby tBeBAd I IDuTeE
SHEET (RULE 26) WO 2011/ 049643PCT/ US2010/ 033988

panel material around the fastener. This type of fastener is generally referred to as a clinch-type

fastener.

BACKGROUND OF THE INVENTION

Clinching fasteners are retained in the plates into which they are installed by a displacer
feature of the fastener which is followed by an undercut directly beneath it. When pressed into a
properly sized hole, metal from the edge of the hole is forced by the displacer to flow into the
undercut around the circumference of the fastener. When a clinching or clinch-type stud is
manufactured, typically a head and displacer are forged into a pin blank. The undercut is then
rolled into the part in a secondary operation. Often, at the same time the threads are rolled onto
the body of the pin. When threads are not necessary, the undercut still requires the secondary
operation which also incurs the additional cost of cleaning the part. There is therefore a need in
the art for forming a clinch-type fastener that includes all the necessary operative features without

requiring a secondary operation.
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SUMVARY OF THE | NVENTI ON In order to neet the above-described need in
the art, the present invention elimnates secondary formati on operations of
a clinch-wgpetiiastsener by creating an undercut during tireTamp®0/0639g$ Ng
operation that creates the head and the displacer. Oher features that are
f or mredgiyIAR YROE NPENERSG at the sanme tinme as the undercut are a
tapere‘n“pmnﬁ%irar i nterference band provided by a curvilinear
shaped bulge in the shank. The configuration of these elenents according to
t he presentInjordesite mept the abayie-dsaerthedneed inrthe axt sthe prefsent ifestiomelimimatess i n t he
range of 1 mllineter in dianeter because very small clinching features

requi reehddB forhhtei ofeItROBEL cl‘ir&h%]taéqﬁlst‘én%clé/hcg%%ng I RhAGEt (ﬂl%jﬁ HanNd

hei ght as well as the undercut diantter an iameters. The present

cli ncgéogén in descljli bed hef]e' n ing¢ludes a tangential interference band and
a tap %‘Bﬁqﬁt‘% Frereatesit ?b@?@taﬁ the Gsplagege fopsyres that wadormediethe smal |
dianeter hole in the attached plate while creating a slight interference

fit bejresanfasigerhiotte samd tinkeasiths tiedeedut ate 4 Berb®p6int SENEA QAP infirRABIE
only. This creates mninal stresses in the plate while elTmnating any

tol erance bet n the .i.nner. wall of .the hol.e and the outer _dianeter of the
ci 1 nc R PRTEEY a AylRese Eein e e PRuC iR cniinmatas of s lemens
unitary nmetal fastener having a top nost head that is the | argest dianeter

of t heactardingriethe preshbinlveietionexe efiptgarBig ilnporaion e fdsteaii ging e the ragle@d t he
head and includes an annul ar bottom di spl acer surface for displacing

mat eri@al -i:) ks tener is J.-nstalled. A barrel-s shank .i s
ocat el et AFmelsE BesR 3 B0 ol Sl e Ges Nl Lol o be
boundary of an undercut |ocated at the juncture of the shank and the
shoul d@i(d fonthealisphacenidigmgtoy endy beightasyenlleas the underant dianfeserand shanktdigmetenst i on

of the shank extends downwardly fromthe undercut. The barrel -shaped shank

has a THed)ré ' j : t he
hank s litkfiRg b fes0Ab Tl cheth Bl Reg e e s B Y BB o
2011/ 049643RCT/ US2010/ 033988 shank. Ext endi ng downward fromt he

i nter f@l“gﬂ@%c WK tPget eré%ﬁV@Fé@nﬁm%’ﬁgﬁé’&%mﬂa@émé‘fer hole inhermktachedendi ng

downward to a bottom end of the fastener. The net hod of form ng the

above-plas ehilbectafimg s elieht itorfaehcait olednfins 8010 andthkaadaRre bt th Ak fdiaeng a
head, a shoul der and a shank of reduced dianeter. The blank is conpressed

endt o- op di.e and a, hottom di e ereby..t he axi al  conpression
ot nd e dRBeEERLE TriLerktifs ARndL RGNS T el SRR tNTPE Ry wicthbee
Conmpression is continued until an undercut is forned between an annul ar

sur f adwetwrenttheinsérovaltief thahdletand thedujer. didthetehoft the chibhing pis! udes a
cone-shaped pocket having a divergent side surface angle of 30 and a bottom

pressing s H i . ex i.n rojection. The
Pength ot el AR APARIERERES filellBY Aol B0 Pathef hrdBorar o
range such that said fastener bulges when forned and does not buckle during
t he stb@é‘f that isdhglaeasst digmetgrof the fastraer. pA shoulder extends axialiiedemieatd ment , t he
present invention is used to forman assenbly of parts including a panel

havi ngmardipsdy below thablead Aol atcudeR %ﬁhﬁﬂhlhﬂbd‘t@ﬁ?di%@a&?%ﬁrf&&'f@% &igéléélhg with
wth th

the panel. The plate has an aperture in alignme e aperture of the
panel . _The,shank.of . the, fastener. hecones rjgidI ffixed to the plate by

t he cé'i’%erﬁlb‘\‘?f’é‘?“% the zaSFFQF’é’Fil ?al]eﬂt ‘P&H@lﬁh&%@i}@aéﬁq atpsaied ppmsdiately below

di spl acer surface of the shoul der against the plate as said fastener is

passedhe displagsh serfiicd apd ferinsaheupper boamidry oftam undercpt lpt&ted@Pethé fiin€ture of the AS
such, those skilled in the art will appreciate that the conception upon

dosi gAP R HRAEE, A7 oRRE TRV Hostka Spleonttiin Riad poitiog U ( ne-

several purposes of the tpr esent invention. BRI EF DESCRI PTI ON OF THE
DRAW §Egik 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
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FIG 1 is a bottomright isonetric view of the clinch fastener of the

I nvention. 3 WO 2011/ 049643PCT/ US2010/ 033988 FIG 2 is a two-part
di agr ammawocouviaw4ef the forging operation utilized to eceatseoossss
i nventi on. FIG 3 is a tw-part side sectional view show ng the

corpr LA BrbEing FMEPES R Wy ThRHKRDEE e ish GrisB et s e
show n%q@}( sequence of installation. DESCRI PTI ON OF THE PREFERRED EMBODI MENT

Ref er rehagk evsonding dovwgaward 19 abhopread efithedbstenshi ng pin is a forged netal part
having a head 11, a displacer shoulder 13 and an undercut 15 that receives

a cold fl OVW}R:f eE'EﬁBdibf forRiH gtﬂé’al%vgtd%sé {HeQ fé(!?én%ﬂférﬁgns‘é% ld'i%{ggigeéﬁa%ner' t

further inc S a tapere a clircu erence band
18 along .the greatest diameter of its barrel -shaped shank. As will _ be

descr i Be hayingreheager houlder and @ shapk of reduceddigmeien Theblanle isrcomprassesrnd-

form ng operation. Typically, this part is used to hold two sheets of

mat er i @lent GewicdR & top\dit @Ad RABBOMEBOWREreBR el ax Rl B6inPREASSH bf thh ﬁlaﬁk‘ agses thehe
pin while the body of the pinis clinched into the bottomp ate.

Referrin w, t.o t.he. res t f ast ener d usi.ng well known
col d f%’#@?‘rﬁg’“&%‘i’ﬁ I%W% aL s fnr]l P}f’d PP gorgglug Hn WB‘?H‘ Se 23 as
shown. The head and d| splacer are formed first as in any headi ng operation

for t hermedbatwor af anaukar surfe of thel shouldersmdehe bulge.sTimbottom tisiisclidegar e, t he
body of the fastener is then fornmed by conpressing the pin between its head

For m  Ra° S BRI ElRs 4 RS oA AP IARS “uhtondih Bk BT,

easy releasefromthe part. Asdelctedlnthelower il lustration, the

for m ngclidisg aﬁﬁ%@éypwdlﬁext@mng)promaopa?fhe teagthi of ghe fastenerrbdank shanluisge 18 4

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.

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.
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SUBSTI TUTE SHEET (RULE 26) WO 2011/ 049643PCT/ US2010/ 033988 above the tool.
The original diameter of the pin remains relatively constant at the
i nt er f acewofotieq@asn and the di spl acer which thus beconesTiuseoioBsIss

under cut di aneter 15. Buring the form ng operation it iis critical that
t he di anet e 0 n: the .

conpr essi o?‘lgﬁg%n%ﬁ%h%&ﬁgg} a?%{lé;ic(r}/ 6%:(;? th n [l%él{%@s? ?%ﬁ’é&& @%%(d E)ucg?drt]gth[ehg

sl enderness rati o: S=Le/r where S is the slenderness ratio, Le is the

ef f ectlV@OBngt h of the shank colum, and r is the radius of gyration. For
a sinple cylinder: r=D/4 where Dis the shank dianeter of the pin before

forging.  FIG, 3a twisfarPbifle SQABhAIY W MRARg BRbehsie BRAGHGDeqfone 60! U Wi th
the head end fixed and the free end pinned. For this situation: Le-.707 x L

where L is the_actual Jength of the pin fromunder the head to the end.
installation of the invention.

FIG. 4 comprises a two-part front elevation sectional view of the invention showing a

sequence of installation.

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 depi(;ted in the

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

4
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The critical slenderness ratio is defined as: Ser----\/(2 xx E)/(03, )
where: Scr is the critical slenderness Eis the nodulus of elasticity for a
gi ven matwoizailjo4acad 03, is the yield stress for a gi venPomiusee1aio33oss The
| engt h of the pin is maintained such that its slengerness ratio "S" |?] Itess
than t |t| a slende ess ra " ndition arantees .t ha
e pi 00N P il g% GEiRal SFets: Bhe nit repipE Rt Fp AR e ece o the A
second desi gn varlable for this pinis the ratio of the volune of the

di spl gueand thetdsplacet whieh diustbeeomesthe etihor undercordibmeter psil | - out per f or mance
it is best to conpletely fill the 5 SUBSTI TUTE SHEET (RULE 26) WO

2011/ 04964?15)19};@“5@ ?&Q{i9§’§§e§§ion it is critical that the diameter and length of the pin cause the

fastener to yield in compression and not buckle. This condition is designed for, using the
slenderness ratio:

S=L.r where S is the slenderness ratio, L, is the effective length of the shank column,
and r is the radius of gyration. For a simple cylinder:

r=D/4

where D is the shank diameter of the pin before forging.

The tack pin forming process can be modeled as a column with the head end fixed and
the free end pinned. For this situation:

L=707xL

where L is the actual length of the pin from under the head to the end.

The critical slenderness ratio is defined as:

S+=V(2 x m* x E)/(0, ) where:

S, 1s the critical slenderness

E is the modulus of elasﬁcity for a given material, and

0, is the yield stress for a given material.

The length of the pin is maintained such that its slenderness ratio “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 performénce it is best to completely fill the

5
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undercut of the fastener. To achieve this, the dianeter and height of the
enbedded portion of the displacer are adjusted to cause the volune ratio
"VR' of (wogplizaess3vol une) / (undercut volune) to be greatrars2dalomssds The
di spl acer volunme is a sinple cylinder with a hole in it, and as such its

vol u j . VS ) 2= 2 ere "r" i.g the

¢ act e ngErefR M BsFe R hin MEURRIET g poibft orebEmugE opom of By e
is the enbedded height of the displacer. The shape of the undercut can be
appr oxdispacstatgsdpsied te cduse e tolumaetio “VR cafl (displater violusme)d|(undercubudlumehror e
accurate volunme can be derived using graphical or conputer nodeling

nmet hods,. i ty : i 1 i I pi ns
avi ng e ARy BT TR Columeleh bingle St ith EholetnSid aSupfiES £ 3
when fully formed the present clinch pin has a head 11, a displacer 13, an
under c{Mug1s easy torfakpladg @nice band 18, and a tapered tip 16. The purpose of
the head is to retain-panel 10 of any nmaterial to a netallic plate 12, nuch
in the way ¥hanthg) hgad fwikrd8Plis Bk radisCsa%e HRDR hithé S

f ast eni ng. AggghoJ? igai Z\yagter}ssiéelof thisﬁF?$ﬂ§%?€?%§%§ﬁ%1§h%isplacer
lies directly. beneath . t.he head of the fasteper and_consists of two

sect i dﬂggl?%’é’}l‘ch@ ’Elfcie(t}’ i1F|aletﬁr@’efigfjjﬁeégehtl"z@ef‘ﬂ%@%e@m &?P%P?ﬂlﬁém@ﬁr@ﬁl%er
conprises the portion directly under the head down to the point where the

pl at e besappmixirasted dhaisirculdted giangledo paichlarritsaohithe bt aphére atciirdtdoRBRTa Ot
get pressed into the plate. This portion of the displacer remains within

the t 0 i j Qi ned and i.s.very. near he sane phei,ght as the
thic kﬁ”%sdg’%g?‘i 'r‘%fég E’%Bﬁg%h% COmRUEY fode éﬁ%‘@%"’ho ¥ |h§§ foéi?‘iaﬁ%n H“SB\OG?%, the | ower
portion of the displacer 14 is the portion that is pressed into the plate
12 angadiapirycegedmtsaralladlinch pinsthheing adiéaroeter idithemhgeobkbeath it. Mteri al
that flows into the undercut is trapped above the interference band 18 of

the fasten i i T HEET ( RULE
26y w0 20008613 R A 7T Shmlel Bl bR iR TR, (3
specifj.c application is_shown where the clinch pin of the invention is

enpl oﬁé%PktCSf} i 0 wikepsut b epoiptesterenop Sangh Bhand 3 tapezad timlGer Faspuapeseofidst 33
and a bottom plate 35. The internedi ate sheet 33 becones cl anped bet ween

t he t dpapiielregingahell0uNany alateriaheyh BRI platk 32 ChidEaHe Wal that IR Hagd bpm
plate. Proper installation of the present clinch pin first requires

preparati,on of the panel, sheet_.and. plate.to be_joi ped.. The hottom plate 35
ot -t agred e et R s FElEPiay Ao it e sidedt defo vetton
slightly less than the dianeter of the interference band 18 of the

f ast ertbe disflaeer fiepdipentiy| beBdatintizthehdwEtha fixtdner atbdonkStsIfit@hbéctions.eas er t han
the di anmeter of displacer 30 and the thickness of the panel nust be

acco ' ' . i spliacer. . This assenbly.is. created
2o T o RleR it e B e sClsoh D il GSRIRGF Compprises e isho ARG w6t ¢ om
plate 35 is first placed over an anvil, sheet and the top panel are placed
over thead gewn énthe paine whererthe plate in gaindd. aFliusstherelies parttiogroé the dispdadenthat ed tip
of the fastener 36 is then placed through the hole in the top panel and

par t wapedatwiet Hess8@lifto Hb Alike! TRisARLE ' i s
used to press ]balggsi nstoth hga %S%E‘?&Wghfg@gﬁéé?@‘lé‘%‘%?ﬁ%m@E%\S}glrﬁ’gi nto
the hgle until the underside of the head of the fastener contacts the top
panel °§¥£4QE mﬁswmweﬁvﬁwmemem Anie dHckopseolibe g pasel. dhsthe Sefter” 30 i s
di nrensi oned so that the undercut 41 is filled with the cold flow of

nmat er iiiistrhtioniépiots rthelomtee padioasr tikalispiater $4 dethebortion the alpre&yed anb thet he top
panel . Additional force |oading against the head after contact further

tight | O . +Ther.efare he foregoi,ng s considered,as

1 TusEs ?@Eﬂ%ﬁﬁé}%%eﬁ ma{ria) r“?ﬂ éI?ep‘f‘!é%fCZ# diFeeilVibETRAH Tho MaterAl f‘ﬁgﬁ,o“@ i the

nunmer ous nodifications and changes will readily occur to those skilled in

t he ampdercut is trapmet] atlewd the dntexderence Hantl 18 off thecfastemen t¢ eethinathe fkdrhercianiss r uct i on
and operation shown and described, and accordingly, all suitable

nodi figations and equivalents may be resorted to, falling within the scope
of th& i Ffvention.

6
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7 SUBSTI TUTE SHEET (RULE 26) WD 2011/ 049643PCT/ US2010/ 033988 CLAI M5
1. Aunitary netal fastener conprising: a top nost head, said head being
t he | ar gew0 2ditzoaed4er of the fastener; a shoul der extrasdimng3mss al |y
downward from and | ocated i nmedi ately bel ow said head, said shoul der

uni ch sai @ THerBRaP% BEGRE; S SRS SpaioRifuBh ChaRha e B TR ar oty

bel ow sai d di spl acer surface; and an undercut | ocated at the juncture of
sai d siheemionseraplogedstogoindbies cleaiedtsua thprpanel Hean introedittelshebiolseartdya sai d
di spl acer surface and bel ow by an outwardly divergent tapered arcuate
surf aggtidin Hate®B. ABE ihtefiaté BRebiPBomes clamped between the top panel and bottom
plate when the pin 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 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
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2. The fastener of claim1 wherein said barrel -shaped shank further
includes a mdline bulge on the surface of said shank having a
ci r cunf erwot2palo4paBer f er ence band, said band being the lpargssaiodsaset er of

sai d shank. 3. The fastener of claim2 where said shank further
I ncl udes a convergently tapered bOUL‘ArIW” I on extendi ng downward from sai d
bulge to a bottomend of the fastener. 4. The fastener of claim3

wherein the dianeter of said interference band is less than the dianeter of
sai d shoul Hler. A unitaryinetahfastontrieomposingol d-forging a netal fastener
conpri si ng: provi ding a fastener blank having a head, a shoul der and

a shank of red“ggog)trgbﬁrl‘i@%cg;sa c{'%éah%ingft&erarge@mﬁlﬁeﬂ@pbftﬁmfastener; conpr essi ng

end-to-end the ner n etween a top die and a bottom di e whereby

the axial conpression of the bl ank causes t he outward.bul gi f. the shank
at a nidline thasewfderghigngingapaiy ﬁw&dét@ﬁn epéﬁ%atfg)‘mﬂ\ﬂ%a?&y Below id®
2011/ 049643PCT/ US2010/ 033988 continuing said conpression until an
under cut i fefdoAT® shMEriieh@liag in hetule dottbhealitpldgesafude foralisphwingieaterial
into which said fastener is installed;
a barrel-shaped shank located immediately below said displacer surface; and
an undercut located at the juncture of said shank and said shoulder, said undercut

being bounded above by said displacer surface and below by an outwardly divergent

tapered arcuate surface of a top portion of the shank.

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.

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 cold-forging a metal fastener comprising:

providing a fastener blank having a head, a shoulder and a shank of reduced
diameter 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

8
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6. The nethod of claim5 wherein said bulge is an arcuate surface in the

m ddl e of of said shank. 7. The nethod of claim4 wherein said bottom
di e i ncl viex0n/m@ams- shaped pocket for receiving said fagcenseololoasrs

8. The method of claim7 wherein said cone-shaped pocket has a divergent

of the fast encr BT ARRrE it ompression MR AEIGK Oy nRd oR AT ARG "

such that said fastener bulges when forned and does not buckl e during the
step of conliﬂlgﬁs%n b shewldenst ener bl ank. 10. An assenbly including the
fastener of claim2 conprising: a panel having an aperture; and a plate

| ocated in §ace-Tig-hae6d bELIAk gmﬁiefdih Wiid Bulgéﬁsdan%aeake stk fﬂ%@hﬁdéﬂ@\ﬁf ng a

plate aperture in alignment wth the aperture of said panel wherein the
shank(?%féta aid fastener is rigidly affixed to said plate by the cold flow of
pl ate 3@‘|nto t he undercut caused by pressing said displacer surface
agai nst sai d panel as said fastener is passed through said panel aperture

and into sal.d plBicamethed bE¢lgim 4 wherein dald bdtfsn dfesiasialios Honelshh p‘@d?écm%lei n
sai d fastener shank bul ge provides an interference fit with said plate.

12. Th iqm 10 wherein said plate aperture is a blind hole.
13. Thgcegggg ffasger“eﬂ’ﬁ 11 wherein the interference fit is between the

interference band on said shank bulge and an inner wall of said plate
aperture. 8. The method of claim 7 wherein said cone-shaped pocket has a divergent side

surface 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 2 comprising:

a panel having an aperture; and

a plate located in face-to-face relationship with 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 displacer surface against said panel as said fastener is passed
through said panel aperture and 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.
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The nmethod of claim9 wherein the slenderness ratio is less than V(2 xX
E)/ (0y), wbensa/HE¢4s t he nodul us of elasticity and Gy i spChasgeelossoss ress
for the blank material. 15. The method of claim5 wherein said

bot tom di & .Ckefheilﬂ@}agmgam%mu}e%the RS RG] RGEssFhat N° D01 IO

t her eof an endi ng projection a3?ial|y wth said

fasten ﬁ 16. The nethod of claim 15 wherein the fastener is a
cli nch |>ﬁﬂ AW)I@,) awhiera Feis dhe roedulppofslastisitemd d,i9therield StrasBSTha biAEK SHEET
( RULE 26)

material.

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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