10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1 ROTATABLE CAPTI VATED NUT 2 3 RELATED APPLI CATI ONS 4
The present application is related to provisiona

pat ent application serial 5 nunber 60/625, 094
entitled "Rotatable Captivated Nut" filed on Novenber
5, 6 2004, prlorlt fron1mh|ch |s hereby clainmed. 7
FI ELD OF THE | NRENIA LABRE R ABER NWhention rel ates
to fasteners which are captlvated in a sheet of 9
material yet are free to rotate so that they may
engage anot her nmenber. Mre 10 specifically, it
RELATED APPBICADIONS ot at abl e capti vated fastener which

Is captivated by Il a sheet of nmetal which is
def or e : :
BACK %%Fﬂ%”c%m&ﬁ%%%@‘%%@@ﬁ‘e@é‘ R sl

te u s t o Lve sim

g %b&%ééﬁf? A e oot NG TR o Betithordh
to engage a screw.or bolt to prOV|de a 15 cla | oad.
3094oprdorety drom whice is BergRwelaiineds that a captive gﬁd
stationary stud can be 16 used in conjunction with a
KEhD OF Tk INVENTI@N ows both mating conponents, the
17 stud and the nut, to be captive in a sheet. The
benef Tle Iﬁlfasdnh&lv%tmn réRtasqoiaiaeissyhidiBareaptivged in a sheet of
elimnation of |oose hardware, reduction of BOM

TBeaRT % hﬁﬁree&@%&aﬁéfslo Iat MRAUh AE Eab O holNG G SR Morand

cost r'eductions IS knomn to provide a captive

p%(tzf? cgl?y, Gt r@ﬁﬁes t8'a %ol hl%%talﬁg tc%#t%feﬁ Qastt%ﬂ%r gzﬂlﬁs F%}]nﬁfgfed by

a washe
et omm for .exa
ol e ?w&@m Ja!ﬂﬂsﬁh ﬂwﬁe@cmﬁeﬁwee -
speC|aI|zed anvil 23 to be | ocated on the opposite
B ROURD Ol E INVENTIOMNyp | oad cannot be appli ed

24 dlrectly to the back side of the sheet because of
t he preseicencef it te fagtiskieg inddktspfor a2t that is captive similar to

existing clinch nuts, but may still be turned to engage a screw or bolt to provide a
clamp load. In one case, this is needed so that a captive and stationary stud can be
used in conjunction with a captive nut. This allows both mating components, the
stud and the nut, to be captive in a sheet. The benefit of the captive components
include elimination of loose hardware, reduction of BOM inventories, ease of
manufacturing and assembly and cost reductions.

It is known to provide a captive rotatable nut in a sheet by flaring the shank
of the nut within a washer on the opposite side of the sheet as shown for example
in U.S. Patent 6,866,456. This configuration, however, requires a specialized anvil
to be located on the opposite side of the sheet and a clamp load cannot be applied

directly to the back side of the sheet because of the presence of the washer. Also,
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1 1 sinple stake nuts are known that include an
ext endi ng shank which is deformed 2 against the back
side of the sheet. This also requires a second
installation 3 component, i.e. an anvil, and does not
provide a flush attachment. The present 4 invention
soplestakenatyare knews thgbg@hldwnteh@g@na slepak whigh & deformed
characteristics of the 5 prior art. 6 SUWARY OF THE
AR Gack7sidéof theshere Thisalsolrequotes agesontl imdtalkadion an
anti-torque feature unlike the prior 8 art which
dongloneRs .8 haRkvill dnd RioBOn St fpw\ﬁa@a @ash Staoh@vitd e hei pgésdnt
attachment. The 9 shank of the clinch nut includes a
f
A B ST B
In this regard, a snmooth 11 surfaced shank extends
YA f1ange of the nut. The flange provides a

bearing 12 surface that is free of projections and
iﬂk@éﬁ%ﬁi@ﬁﬂggiﬂﬂXENEQQNG inpair the rotation of 13
the nut or disturb the surface of the substrate. The
head The déwicening chinghibeg wit veithout an eiktaprequeAepare yadike the prior
recommended as a conveni ent nut shape because of the

b wheimadlalidstshe@fgrippmgdasi@res té padvadeddgid ahschnsdnap€he
above the flange allows 16 comobn w enches and sockets

{RnRRY AR AN nﬁtliﬁélu&éﬁea dilaceh SNEYEindt e bu$ RaRRE-tordde
may al so be applied. For exanple a circle with two

| d
el zg%‘ﬁn huyM aorpflon prEhQutdd fRERSbegR ARt
suffl |en 9 de t desi red_ nut str, th, .
RSP SRRk ieads BPmaylanggot e T U o s fftEemapVifigien Sxgring
design to function correctly. Because the part nust
surface Ithat ishisechefimtpieetipns ind hecaylarities tmt paidd irppair the rotation of
sufficient to cause yielding of the substrate pane

fHeane or distestharserf2? of oimnoibstrate.Hl TetHeed of themohinag be of any
fasteners and shoul d be apparent to one skilled in the

dpdl ] hekds MRbRISRREd 4 £addvinichi it SRipeibeadike bhthe

deV|sed a captive clinch nut for

commonality of the design. A standard hex shape above the flange allows
common wrenches and sockets to engage and turn the nut, however other shapes
may also be applied. For example a circle with two flats, an acorn nut, or a more
exotic shape could be utilized. The height of the head should be sufficient to
provide the desired nut strength. Material choice of the nut is important for the
design to function correctly. Because the part must clinch, the hardness of the part
must be sufficient to cause yielding of the substrate panel. These issues are
common with other clinching fasteners and should be apparent to one skilled in the
art.

More specifically, the applicant has devised a captive clinch nut for

rotatable attachment to an apertured sheet comprising a nut body having an axial
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25 rotatable attachnment to an apertured sheet
conprising a nut body having an axial 2 | threaded
bore, and a flange form ng a base of the nut body. The
flange includes a 2 surface on a bottom side thereof
preferably unitary therewmth for providing a 3 bearing
theaafledteoref andendflangd fomming p baseafahaayt bode EﬁféﬂﬁngeAncludeS a
di splacer unitary with the 4 nut body is |ocated
glirfaecbh § bbedmwideltberbd fymglerabhyluitsy therawithsiodprovidingt er

|l ess than 5 an outside dianeter of the flange. A

bdabH) dirfddeTesiueb@itctioh iagﬁﬁyc.tm; §teet, he dRplaciamitarybwith the
extends coaxially fromthe displacer, and includes a

ﬁ\ﬁ%%d% mggelt@& @ilré’ctl?@eﬁ‘) b flafife arfd SHsSRIAGRTe MAth&tePfRss than
| de

out's lameter Fess than the outside dianeter of the

di spl.acer 8 for.mi an der.cut area between .
085 B Stgmtan g BB & RV G Pl PR SR vt mut body
di spl acer. for receiving the cold flow of tal of. the
eyiends coprially fipmythe displag@sansk inclpdes hiech il@m@@&ly agiacenh e
shank are of reduced friction for providing a bearing
displherr evithldn @itsidhdiameter Inyaihastthe ougside diachetanall theghisplapsr
aperture in the sheet. The side surface of 12 the
fhiri g Rindefcupireh betmlkekly tHeajnesiéslof thesltatk yind dhendasitie véthe
nut is used wwth a sheet 13 wherein the displacer and

:ﬁli?‘rﬁigger%r Irel?&vilrﬁ%tth@ﬁﬁd’ 8K Gt FehoMHeb MHekRitet Reghces B

are coaxial 'wth the aperture such that a portion
f the sh i i1 hi D
Bl REF bR O R RPELENt Ry ALERC AR
f f the 16 shank, A .bet .qut si.d
stbtSbeadhet TR ot e hibe Rt RARER Alsdhia o

inside wall of the sheet aperture is such that the nut
ths dispasieyismoefarabby tepatied hiveardliye The capiivetnuiisiused withggheet
secured agai nst substantial axial displacenment

tvihereaf the misplRePinelf shaglbbdfthe hivebosiydirdiloodted ethii thp kaese and
and the length of the shank are less than the 20

LR SkeBRitRthd RrteRaath SUEM pbitidh of AR shBaMics da@sh findndercut
extend beyond a back side 2? surface of the sheet. The

. i 1 . _ . .
USSR B BL S UELI]  BhSel sre
on- def or mapl e an

kndh SPara peNECD s LR Ty Tgh ST R heflpag nd an
tir?siedes\:;eﬁlegf the sheet aperture is such that the nut is freely rotatable within the
sheet while being secured against substantial axial displacement therefrom.
Preferably, the width of the displacer and the length of the shank are less than the
thickness of the sheet such that the shank does not extend beyond a back side
surface of the sheet. The nut is used with a relatively ductile sheet material such
that the flange remains relatively non-deformable and is composed of a material

having a hardness substantially greater than that of the sheet.

From the following drawings and description of the preferred embodiment,
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24 Fromthe foll ow ng drawi ngs and description of the
preferred enbodinent, 25 3 1| it wll be appreciated
by those of skill in the art that the objects of the
invention 2 have been achieved. Wile the present
invention will be described with the 3 reference to a
it palt bé appreciited byrelmse of sl fimtheawi thet theeljestp of g igention
illustrative of the 4 invention and is not to be
ERaskégthiasd] Wiild thgpitebent inveatién @ill bd/ddscabial with the
nodi fications to the present invention can be nmade to

fehﬁe&_’é?i g E?&@ﬁ@&ﬁ@&diﬁ%ﬂt{ Yol 1Sw B S Serphibh EBlubtfativBR f the

art wt departing fromthe true spirit and scope

1%1&9%&20?1 aZldi'sn Y& 'bg E(')nsltlltle(yég lgnaﬁ%lgﬁﬁé ﬁm@e&%n? \H}g)tusf or

understanding i ents are 8 designated
by the reference nuneral s throughout .the various ,.
ppgiicaionsito teRPYsy! e i PE TR0 s rreeed Hpedimmept by

THE DRAW NGS 11 Figure 1 is a front view of the
thasevkiliesiin the art withowtedepartigg sropothe diveispisivard spgpéthe 13
Figure 3 is an elevation partial section view 14
DESERNPT! Wl B nditEtEh RRERERREDt tENBOR sMENIR gl tkeRefrponémig are
nowto Figure 1, the fastener of the invention is in
18rhRUByahe Poferdfcd WimdrAlS tHidhdtduethBeadods fifiirédof drawing
i ncl udes "tool -engaging flats 2 for applying a 17
Rlatdgngl torque to the nut. A hexagonal
contiguration is preferred for the tool- 18 engagi ng
r.f i ncludes a flange 3 which
ﬁgécgﬁgiggggﬁBUL Jﬁ¥£¥gﬁk§%e 11 which serves as a
first bearing surface against a sheet (shown in Figure
3) 2Dbigurs bisghirem vigreohile inventiost al | ed. The nut is
installed by the clinch process in which a 21 |ower
shankFigord 2 om ®tios jsoweirdedew t h a di spl acer 5 and an
undercut 6. The 22 displacer is tapered inwardly. The
shankFpurd W& dhdlevaSio bagialsebisrovigh. an aperture in

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figure 1, the fastener of the invention is in the form of a
nut including a head 1 which includes tool-engaging flats 2 for applying a
rotational torque to the nut. A hexagonal configuration is preferred for the tool-
engaging surfaces. The nut further includes a flange 3 which has a smooth bottom
face 11 which serves as a first bearing surface against a sheet (shown in Figure 3)
into which the nut is installed. The nut is installed by the clinch process in which a
lower shank portion 8 is provided with a displacer 5 and an undercut 6. The
displacer is tapered inwardly. The shank of the nut is placed through an aperture in
the sheet, and when the nut is pressed into a sheet of sufficiently ductile material,
the displacer including bottom surface 13 forces a cold flow of sheet material into

the undercut area 6, thus
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23 the sheet, and when the nut is pressed into a sheet
of sufficiently ductile material, 24 the displacer

i ncl udi ng bottom surface 13 forces a cold flow of
sheet material into 25 the undercut area 6, thus 4 |
attaching the nut to the sheet. 2 As shown in Figure
&tachingd ¢lrecutt té thatshesdt. 6 whi ch begins at a neck 12 of
said 3 shank lies i mediately bel ow sai d displ acer

bot t ony showitiaFidde 2| thidEdR featitt Gadsclobegids dthgmeok2 6f said
extend the entire length of the nut. Tubular shank 8

iﬂ&g]? iigﬁgﬂg{:] 5tg 5 egc%? §aid éisg%c%i RbACEKface 88 CIntdRAlthreads of

ace reduc riction to enhance their

fupction. as bearing suifac i.n.addi t.i on t h
Bt f e ERy A3 pRER b R ARESSUARLI B od felglfy syrtece
to Figure 3, the nut is installed ip a sheet 9 which
ofzdispdaresS apeientie SuFacRe o 215 9l racheed fission & slngetheir
relation to the dinensions of the nut 9 shown in
fungtipress beanngistfasesin additionttp thedwittgnr fapeul bt themat flafge 3.
the sheet is not tightly 10 conpressed agai nst the
out er Referrirgaesy of Figlve 3ditepluatdnstaliedine sheet®gehiclbpace
10 11 between the sheet and the nut enables the nut to

igeelydihabRt SndVhidthBsstsiRd $hRSHioR to # WechQoRY S\hélhig
significant pull-out resistance due to the cold flow

3 it ' .
Sra PRt Py B R POV LB
5 by di spl bot t f 3.. Bott 1 of
Somapreted B s It sl (s acee ot Padingr. Sseto
and surface 11 is a snoboth surface of reduced friction

besweerhtdig sbeet g thegup erabiss it to frpelytrotgteoiitlyinlee sheet 9

understood that there nay be other nodifications and
vhide gesidid8sigaificire potlese rdsistanee dtd orthe baltl flowt 6f thaterial of
obvious to those of skill in the art fromthe 19

f1RIsBER ifldedRESthic Rt G0ut HHEVENREen thh ElafdeBeil 8 itV @B idiphcer
shoul d be limted only by the 20 follow ng claims and
BIB?'dfspia%%ott%ﬂHu\fﬁlcg 8 SBoftom face 11 of flange 3 bears against the top
surface of sheet 9 and surface 11 is a smooth surface of reduced friction to enhance
its performance.

It should be understood that there may be other modifications and changes
to the present invention that will be obvious to those of skill in the art from the

foregoing description, however, the present invention should be limited only by the

following claims and their legal equivalents.
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1 WHAT IS CLAIMED IS: 2 1. A captive clinch nut for
rotatable attachnent to an apertured sheet, 3
conprising: 4 a nut body having an axial threaded
bore; 5 a first bearing surface on a base of said nut

body; 6 an annul ar displacer collar unitary with said
ndﬂ%ﬁﬁﬁﬁiﬁﬁﬂi&ﬁﬁhﬁhd 7 directly bel ow said bearing
surface, the displacer collar inwardly tapered al ong

its 8 dntirg captiveictiacishitifac®taitle Maachi@ned DUpsiaed sheet,
di ameter less than an outside 9 dianeter of said first
bQ%hgﬁgﬁ%urface, and a second | oad-bearing surface on

a 10 bottom side of said displacer collar parallel to

said first [ ; o Ligid tubul ar shank

bei ng substgﬁgﬁgp€§ﬁ%é%§%g?8?#%%?%“?%”?1s 12
unattached frge state prior to assenbly, unitary with
sai d nut bod%ﬁr %ﬂa&laaﬁgfi@qefn %@S%Q?%PW&OH%m sai d

di spl acer, said shank being outwardly flared toward a
distal 14 e¥dnarlendisplaserenliar vnitasy giith; saidrrot bsdyviret located
a neck of said shank i nmmedi ately adjacent said

didigscty belowk6idtmsriagsuriitcs) the ddphoatwetlat insardhapetddalong its
out si de diameter of said displacer and less 17 than

arentitt Gitslge dlirfBbed halingah Gufsi®f BenaBflesPifigh &9 o@Bide
under cut between said shank and said displacer, said

;”Eﬁ‘ﬁﬁé‘tb‘rt of skl ﬁgﬂ%aﬁg% Elgﬁé:cgcﬁidv se%&%@dﬁ@%ﬂg@%u@?% %r(l:

| ow of netal of sal eet. 2 e cap
nyt .of claim 1 further .including an outwardl 21
ot A PR ol R0 AR R peRtive Butife: 2o
3. An assenbly_gf parts including the captive nut of
clai m1 and 221i¢ ke shankdeing sagstenféallymeatdefermably intits
aperture formed therein, the displacer and 24 shank
ofungtgdchicd free blothyprive tongpseoblyt eaitan ehithysaidi riu bod s aiddcoaxially
sheet and being coaxial 25 with said aperture such
t _feafqe_ndinglfﬂirﬂl katd dBbRcER chid chidnk BRingfousmird] ySieed tdwaes a distal
wi thin
end along its entire length; and
wherein a neck of said shank immediately adjacent said displacer
has an outside diameter less than the outside diameter of said displacer and less
than an outside diameter of said flared end; and
an undercut between said shank and said displacer, said undercut
adapted to receive only a partial cold flow of metal of said sheet.
2. The captive clinch nut of claim 1 further including an outwardly
extending flange forming a base of said nut body.
3. An assembly of parts including the captive nut of claim 1 and
further including the sheet having the aperture formed therein, the displacer and
shank of said nut body being located wholly within said sheet and being coaxial

with said aperture such that a ductile deformed portion of said sheet lies within

6
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6 1 the undercut; and 2 a space between said shank and
an inside wall of said sheet 3 aperture such that the
nut is freely rotatable within said sheet while being
secured 4 against substantial axial displacenent
therefrom 5 4. The assenbly of parts of claim3

caiis edddryutpareissi ng said nut into 6 the aperture of
sai d sheet being supported by a featureless flat

surface, forgigage betwkbesh@fiinRfand ah thsiietwdIDssai Bshieet
The assenbly of parts of claim3 wherein the conbi ned

RS A LRI R e
shank stnot ex ndlb %ﬁg@ _%ack si de surface of
sa*fgﬂmg ptantjy aéla 838 Y6t parts of claims

wher ei n sald nut is conposed of 12 a material having

a hardrfbss shisasssblyiof pagy ebglaim 3 papsedby pregyiggpaid pafinto
7. The assenbly of parts of claim6 wherein the

patht iaperturé ofsaidistehelding suppattedby b fesuraliessflat ssdac, forming
undercut area is received therein by the cold flow of

methabaseldf saild mmabsdysheet . 16 8. The captive clinch nut
of claim2 further including a head portion 17 having

t ool - engagi ngLd dsddiibl ?Q)f :pﬁﬁs quélﬁfn $WhiRGEhe %gmgmeah&lgths of

captive clinch nut o aim8 wherein said head is of

ﬁgﬁaﬁF é‘l@@l?lpe?lang Sa\%ﬁer L {é’ Pe[s]s th?g t}geot 1c-(1§£' Ss %?E&l e? %dcﬁgﬁa‘[

ad rea ore

thro e entire | engt he nut 1 The
caﬁﬂcf %@ Egp?ﬁcrwt g bey g'aﬁa e Putieeh éalé ghest
surfaces of 23 said displacer and said shank are of
reducedd.f r i cThegss¢rablypi oeitsipheJaibed mbargipmidaytiis eerspesed of
sai d nut agai nst said sheet.

a material having a hardness substantially greater than said sheet.

7. The assembly of parts of claim 6 wherein the portion of said sheet
which lies within said undercut area is received therein by the cold flow of metal
of said sheet.

8. The captive clinch nut of claim 2 further including a head portion
having tool-engaging flats on its outer surface.

9. The captive clinch nut of claim 8 wherein said head is of
hexagonal cross-section.

10.  The captive clinch nut of claim 9 wherein said threaded bore
extends through the entire length of the nut.

11.  The captive clinch nut of claim 1 wherein the outer surfaces of
said displacer and said shank are of reduced friction for providing bearing
surfaces of said nut against said sheet.

12.  The captive clinch nut of claim 1 wherein said first bearing surface
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25 12. The captive clinch nut of claim1l wherein said
first bearing surface 7 1 is integral with said nut
body. 2 13. An assenbly of parts including the captive
nut of claim1 and 3 further including a sheet having
an aperture fornmed therein, the displacer and 4 shank
ofis sretegtalnwith keodiyputdeidyg | ocat ed whol ly within said
sheet aperture and being 5 coaxial therewith such
that a guctiAg a@@xfnﬁfy‘ﬂ"ﬂ)aﬁ@ irddl@iin@fhetaptehcsiie of clhin$ and

within the 6 undercut; and 7 a space between outside

SULFAGSRCIRding 3sHect E@G‘iﬁg%ﬂq Alurk RsthilQ tl‘{@&k thi d%%la%gﬁ‘ shd

sheet apertu e suc e hut 1s free I ot

o bt e naERRY vtk ated RV TG E S O APl apch peine
10 conbi ned .| engt q; of said displacer and said shank
are@axigbthereniath syl thahp dueide defgrmed portign gt %f’rﬁ‘ééltee&ly%wﬂhm the

that said shank does not extend beyond a back side
swnidgset;efdsaid 12 sheet. 13 14. The assenbly of
parts of claim 13 wherein said nut is conposed of 14

a material hespaogbawbar cutsids ssfnes afdaidstayk gheah @iside wall
than said sheet. 15 15. The assenbly of parts of claim

14 BRI BbA abBeurBhdH MRt AE nSEk Fredf r8heSle WithinRald B8et while
Wi thin said undercut area is recéived therein by the

¢ Odeﬁjné 4e8M¥e8 galilrszc sﬂﬁétﬁ'ltla%xﬁlad&)lgc%&r?eht th%refrom wherein the

combined lengths of said displacer and said shank are less than the thickness of
said sheet such that said shank does not extend beyond a back side surface of said
sheet.

14.  The assembly of parts of claim 13 wherein said nut is composed of
a material having a hardness substantially greater than said sheet.

15. The assembly of parts of claim 14 wherein the portion of said
sheet which lies within said undercut area is received therein by the cold flow of

metal of said metal.



