ROTATABLE CAPTTVATED NUT RELATED APPLI CATI ONS The
present application is related to provisional patent
wappisiosamion serial nunber 60/ 625,094 entit| edPCT/US2005/039128
"Rotatable Captivated Nut" filed on Novenber 5, 2004,
priority fromwhich i her \ .. FIELD OF THE
1| NVENTI ON The pr eSMFATABLE CARTINALERINYY £ a5t ener s
whi ch are captivated in a sheet of rraterl al yet are
2free to rotate so that they may engage anot her nenber.
More specifically, it relates to a tool- rotatable

3 CapELWatEr APRPSIEATIOMBI ch i s captivated by a sheet of
metal which is deforned during the clinch attachnent
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load. In one case, this is needed so that a captive

6 an@0@4, aripGtyargm sehich is herebyclaisied. i n conj unction with a
captive nut. This allows both mati ng conponents, the

7 st BIEII0 QR THEAMNVENDION captive in a sheet. The
benefit of the captive conponents include elimnation

g of |o00s i ?fegmr@ena@&%tés% RherREMhiBY SR @bliPted Bheet of

of manu uring and assenbly and cost reductions.

e rotata
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posite side of the sheet as shown for exa
10 u svecxﬁaﬁléymt relates éo a4eol- mytatable geptivgisd dastenst wl?tﬁné%qptwated by
requires a specialized anvil to be | ocated on the
11 oppsiset of mewbwbichtihdefemedtduning the dinalnpttdchaentcenaeess. be
applied directly to the back side of the sheet because

12 of BATK GREOSRNIS OFOTHEMRVIERSHION Al so, sinpl e stake nuts
are known that 1nclude an extending shank which is

13 def or ma‘iLhere is a need in the fastening industry for a nut that is captive similar to

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

19  manufacturing and assembly and cost reductions.

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

24  directly to the back side of the sheet because of the presence of the washer. Also,

1



agai nst the back side of the sheet. This also requires

a second installation conponent, i.e. an anvil, and
wdaew/0ap01 provi de a flush attachnent. The presear/us2005/039128

i nvention solves the problens posed by these

undesi rabl e characteristics of the prior art.., SUMWARY
LOF SPREEe SIRVENTS e oy fbot ingudesanexip hﬁgk wbtcﬁv\ﬁ%med
an anti-torque feature unlike the prior art which,
2i ncigaidstshe haokt sidgr ofishé stpets t Thiselse esguires psasond msiallgfian
attachnment. The shank of the clinch nut includes a

3di sdehipeaéntging afanwnded €oés, nopptovive Afish-attacttnt f Tht present
such as knurl-type serrations are included. In this
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is free of projections and irregularities that could

Si mif 3the rotation of the nut or disturb the surface
of the substrate. The head of the nut may be of any
65 ha3MMARKOF dHENWENAHAN as a conveni ent nut shape

because of the conality of the design. A standard
7hex shapghealzoice it heinthiag get wlthauwsan astintenquefeanoh eslilerntte prior
sockets to engage and turn the nut, however other

8s hapeshitRcRlde9sHeet-aRplinE druchiRbs ®XABWUE rigidCdtfachBeti tihe
wo flats, an acorn nut, or a nore exoticC shape could
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sufficien Sire
Materi al choice Qf the nut is [nportapt for the design
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the hardness of the part nust be sufficient to cause
11yi eudfhoeg sbink é¢xtersls o aflengsant dhe nurhdbe flasgaupovidesa bearing
common with other clinching fasteners and shoul d be

12apparfedd thitds @€ ofioidclend dndtiftemdrities Mot €osld @@pdit thalrbtation of
t he applicant has devised a captive clinch nut for
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15 commonality of the design. A standard hex shape above the flange allows common
16  wrenches and sockets to engage and turn the nut, however other shapes may also
17  be applied. For example a circle with two flats, an acorn nut, or a more exotic

18  shape could be utilized. The height of the head should be sufficient to provide the
19  desired nut strength. Material choice of the nut is important for the design to

20 function correctly. Because the part must clinch, the hardness of the part must be
21  sufficient to cause yielding of the substrate panel. These issues are common with
22 other clinching fasteners and should be apparent to one skilled in the art.

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

24  rotatable attachment to an apertured sheet comprising a nut body having an axial
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surface on a bottom side thereof preferably unitary
therewith for providing a bearing surface of reduced

wonomwiospi agai nst t he sheet. A displ acer unit aPgTmiSR(e5/039128
the nut body is |ocated directly belom1the fl ange and

has an, Q tS|de di ameter | es ut nmet er
1 o7 e Doty 650 A SAN fORPInE P AR it s TaRE ingipdes a
nut body extends coaxially from t he di splacer, and

2i nelrfienz ostoim sidertigieaf pieferably avitary thenewith ﬁ}ﬁlpa@sedmg a
wth an outside diameter | ess than the outside

3di aegtmglsufthcd dfredicelIfidctn aloginshi thg stat. UA désplacer w@iitasy with the
bet ween t he out si de of the shank and an undersi de of

4t h?\u\gt?I tl@ﬁ)?ﬁ tefl Q{reét ﬂQ: ﬁahg? &%lgas éh%Wts‘Rfe diBhékr l@%s than

t he e oute aces |splacer and t
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aperture in the sheet, The side surface of the

6di 9}5‘1%@%‘?0%%?@?‘@% 91splafeape1déac HeRgaeck lmmﬁ@af@afpﬁda aggnt the
nut is used wwth a sheet wherein the displacer and

7 shdisklacdr witteamattside dian®tes [dso tmn el outside diateter offf et disphater
are coaxial with the aperture such that a portion of

8t hgorafi@ein hidRcuthatelibBtvddn YRARI§HE ofthe 3hdrkGmt @d URB4NYEE B the
the bottom of the displacer and the outside surface of
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ceér ange and an i nsi
sheet apertur ch that, the, .nut s fre .
10} Ofta difilerenied i sh agﬁeg&edwm Ol hE e bepsing surtace

substanti al axial displacenent therefrom Preferably,
11t hef thedwh agdinst e idsidpival ef thamperture in agheet.oiThe pide surgask of
are less than the thickness of the sheet such that the

12 shakdishiasr BireferdbBndpdred dndrdly DBRK capitiste nswis Lsgewiol a sheet
the sheet. The nut is used with a relatively ductile

shegl r I
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preferred enbodlnent it will be appreC|ated by
15 of agmilpqatedrbetwecnddhe befem of Hie diglaser andghe Phelqeﬁvemq Qfﬁhe

16  shank. A space between the outside surfaces of the displacer and the flange and an
17  inside wall of the sheet aperture is such that the nut is freely rotatable within the

18  sheet while being secured against substantial axial displacement therefrom.

19  Preferably, the width of the displacer and the length of the shank are less than the
20  thickness of the sheet such that the shank does not extend beyond a back side

21  surface of the sheet. The nut is used with a relatively ductile sheet material such
22  that the flange remains relatively non-deformable and is composed of a material

23 having a hardness substantially greater than that of the sheet.

24 From the following drawings and description of the preferred embodiment,
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have been achieved. Wiile the present invention wll
be described with the reference to a specific
wentmdsoment, the foll owi ng description is ill uBtrasRons039128
of the invention and is not to be construed as
limting the invention. Various nodificatjons to the
1pr dswilitbej appeasiatesbycthpsen skitlde theqirt that fhe ebiegtsed the invention
enbodi ment by those skilled in the art wthout
2depavd bery athieved. While the psgseitiihveatidn sdlbpedestribddewith the
invention. It will be noted here that for better

3 UNGEERHLB0E DebdciftenbBIRRAE MhSoRbRindaRb &R s iwsﬁa!ﬁefe of the

ref erence numeral s throughout the various figures o
drawi ng whi ch f o] |.ow. SCGRI RTI. - TH I%RAWL\gﬁ

4Fi é%vregﬁan f‘%&g P ?{oonlfe (i/olnq\lllzvue fastll ét [ t\%:rll Noon. " Fi gbre 21is
a bottom.sonetric view. Figure 3 is an el eyation )

5 pameqdificatigns fodhe Preseit upenidey wﬁ)@m@ teitlee priepiefREbodiment by
EMBCDI MENT Referring nowto Figure 1, the fastener of

6t hehoseskitied anthe arti withtoe départingdiora theutrue sparfituridisgore dféhel
1 which includes tool-engaging flats 2 for applying a

71 Otifehf6@! Tttvell b Rofed heRahiitbr bAteh @x@GRBAding like components are
configuration is preferred for the tool-engaging

surf h i j :

8o RERe by etorcnl hiktegly RS e NoORE e having
beari.ng.surface agai nst a sheet (shown in Figure 3

9 nt@‘%ﬁogﬂwt he nut is installed. The nut is ignst al I)ed
by the clinch 8rocess in which a | ower shank portion 8

10j s DESACRIPIION OF S5 and an undercut 6. The
di spl acer is tapered inwardly. The shank of the nut is

11pl aced tRigaEdhs afroapdew of eheiinventiensheet, and when the
nut is pressed into a sheet of sufficiently ductile

j2nateri a'FingBQ i6lh BB @A WondeRiChASva cold flow of sheet
material Tnto the undercut area 6, thusattaching the

13 nut to tFl?geurg’ 854 elevation partial section view.

14 DESCRIPTION OF THE PREFERRED EMBODIMENT

15 Referring now to Figure 1, the fastener of the invention is in the form of a
16  nut including a head 1 which includes tool-engaging flats 2 for applying a rotational
17  torque to the nut. A hexagonal configuration is preferred for the tool-engaging

18  surfaces. The nut further includes a flange 3 which. has a smooth bottom face 11

19  which serves as a first bearing surface against a sheet (shown in Figure 3) into

20  which the nut is installed. The nut is installed by the clinch process in which a

21  lower shank portion 8 is provided with a displacer 5§ and an undercut 6. The

22  displacer is tapered inwardly. The shank of the nut is placed through an aperture in
23 the sheet, and when the nut is pressed into a sheet of sufficiently ductile material,

24  the displacer forces a cold flow of sheet material into the undercut area 6, thus
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As shown in Figure 2, undercut feature 6 which begins
at a neck of said shank lies imedi ately bel ow sai d
wdaizelazon 5. Internal threads of the nut 7 extemastive/ 039128
entire length of the nut. Tubular shank 8 and the
outer surface of displacer 5 are snooth surfaced and
1 ar attaghingghe peidorthe $hetlon t o enhance their function as
bearing surfaces in addition to the bottomface 11 of
2t he nut Aklshowe indFightef2e undengntfeaturied Whighbegiss attalmeck of said
isinstalled in a sheet 9 which has an aperture
3 A ARk Gies ?dx @B@%%vssa?d disfladen 57 Qﬁt@?dapﬂhréa@s bi'he nut 7 extend

di mensi ons o nut shown |n Figures 1 and 2 such

t hat he col d f.l.ow hee

41 Bl 5P o€ e B U s & A PR et isplgoer S
di spl acer or the flange. Space 10 between the sheet

5 anaretsmootiysurfased prckare ﬁérqqiuﬁedt fsictiontq gnhaggedher finchpmas
the sheet 9 while providing significant pull-out

6 r ebémingnasachyén ddilitidvetocind bottdnovacefl 1t ier nw flande 3.he
sheet located within the undercut area between the

7flared R@?e?ﬁn§n@ﬁ@o FGred IR ARSS 1n§tall§91hta(§ﬂbét®0@h1éﬂh9sf an
fl ange 3 bears agai nSt the top surface of sheet 9 and

surf th surf ace, uc fricti
8 o Hesfice P g gk et S fuflon EERmsh Gors 059*?%%%‘*
there may be other nodificati ons and. changes to
9 pr sk inj anterﬁ% 1 apd 2 sagh that the peld dlow ofuaetply tth%ﬂ"@efo‘f’ ot tightly
skill in the art fromthe foregoing description,

10 hovempiressedhgaipstedbeotter swianes afiths tioplhckr loe the flingedSpatieyl 0
by the follow ng claims and their [|egal

11 equét‘mkﬁ HeSshEdeAhYehe i@ bndbtesGh@hifRE fiely rdtatd wiRR thy $heet 9
clinch nut for rotatable attachnent to an apertured

Eg?vzule grc}vﬁg%% agrrﬁgc‘,an‘? ie Emt? g¥tan<faevdrdé1,goc i\ d(.a(%ﬂl byl %@Qﬁﬁi of

earl surtace O rrction on

bottom si de of said
13 the sheet located w1thm the undercut area between the flared shank 8 and the

14  displacer 5. Bottom face 11 of flange 3 bears against the top surface of sheet 9 and
15  surface 11 is a smooth surface of reduced friction to enhance its performance.

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

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

19  following claims and their legal equivalents.



nut body; a displacer unitary with said nut body and
| ocated directly bel ow said bearing surface, the
wdieploazer havi ng an outside di aneter |ess thaRCaws2005/039128
outsi de dianmeter of said flange; a tubular flared
shank unitary wth said nut_body and coaxially
1 extending from sai d displ addeAIMB 4 wherein a neck of
said shank i nmedi ately adjacent said displ acer
2 i ncl udeWhanisaddimiedles: di anmet er | ess than the outside
di aneter of said displacer form ng an undercut area

3 bet weenqt he %Uéa?tiO@clﬁlEh s ©r shanbleandciiieny aslgy §ﬂe@|t@1|rélf sfheet,

said displacer for receiving the cold flow of metal o

sai.d sheet. 2. The clinch nut of claim1 further
4 nS?muérilsﬁrgg'a flange form ng a base of said nut body. 3.

An assenbly of {Jar s i ncl udinfg tr%ﬁgéggtive nut of

5claim2 and AOF PREY 12MREG8iANY Wavi ng an

aperture formed therein, the displacer and shank of

6 sai d nut body fiv#ibegyingoushediofiveduned fidetion astrelattagmside of said
bei ng coaxial with said aperture such that a portion

7 of ngodlysheet lies within an undercut area |ocated
bet ween the bottom of said displacer and the outside

surface of sgi i 1R 3P AGE A LG BRIt 2 RH G LER bel
8surfaces of géi?sgﬁagl sp%‘?&?lta%az sal é)tail angegng angd:-‘y cow
i nsi, wal | sai d.sheet. aperture.such that the nut .
91 Saif Beihe syt Blectiubens poDE o Liads SimpieE gt iy M butside
secured against substantial axial displacenent
10 t hdiagretes @f said flqmge; assenbl y of parts of claim3 wherein
the width of said displacer and the I ength of said

11 shank are | easutivbarlatddeshhtk wkitaeswitbfaid autbslyeat! coaraélly
that said shank does not extend beyond a back side

12 sugit@%ngfmﬁ@a@ cﬁﬁﬁ&@r; afd . The assenbly of parts of
claim4 wherein said nut is conposed of a

13 wherein a neck of said shank immediately adjacent said displacer

14  includes an outside diameter less than the outside diameter of said displacer

15  forming an undercut area between the outside of said shank and an underside of

16  said displacer for receiving the cold flow of metal of said sheet.

17 2. The clinch nut of claim 1 further including a flange forming a base

18  of said nut body.

19 3. An assembly of parts including the captive nut of claim 2 and

20  further including a sheet having an aperture formed therein, the displacer and shank

21  of said nut body being located within said sheet and being coaxial with said

22  aperture such that a portion of said sheet lies within an undercut area located

23 between the bottom of said displacer and the outside surface of said shank; and

24 a space between outside surfaces of said displacer and said flange
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materi al having a hardness substantially greater than
said sheet. 6. The assenbly of parts of claimb5

wohersmsmosai d fl ange is relatively non-def or maBC®USZ005/039128
The assenbly of parts of claim6 wherein the portion

of sai d, sheet ies wthi dun uta

17 ot ol dnaio s 5 ShosE SR e PR EneBiiar ey Eoafble wihin
sheet. 8. The clinch nut of claim?2 furt her i ncl udi ng

2a baddhesd mhile heihgwécntpdtagainstenbsigiting atiplatisplasamentsthergfrom.
surface. 9. The clinch nut of claim8 wherein said

3 head is4of hahegapablyfeaseftlhian3 whereinlthe widthrutlaid displacer
of claim9 wherein said threaded bore extends through

41 hﬁn(?me'l vﬁtﬂl gf‘&'ich Hahk hiGesd Lﬂﬁan thd thlaﬂi'l%sscéﬂ stthE\%{tsuEHC that said

aim1 ereln t e outer surfaces sai d di spl acer
rOV|d|ng

s beglﬁ“%gd%gﬁp? i GePnd Pt Sfoe shieie oqﬁs Shedior' )

The cli nch nut of claim1l wherein said first bearl
GsurfaceSis i rtegrsamblyafpagaptclain 4 poaspin syl nurﬁ%ccanp%sﬁof a
nut of claiml wherein the displacer is tapered
7 i nwateHay having a hardness substantially greater than said sheet.

8 6. The assembly of parts of claim 5 wherein said flange is relatively

9  non-deformable.
10 7. The assembly of parts of claim 6 wherein the portion of said sheet
11  which lies within said undercut area is received therein by the cold flow of metal of
12 said sheet.
13 8. The clinch nut of claim 2 further including a head portion having

14  tool-engaging flats on its outer surface.

15 9. The clinch nut of claim 8 wherein said head is of hexagonal cross-
16  section.
17 10.  The clinch nut of claim 9 wherein said threaded bore extends

18  through the entire length of the nut.

19 11.  The clinch nut of claim 1 wherein the outer surfaces of said

20  displacer and said shank are of reduced friction for providing bearing surfaces of
21  said nut against said sheet.

22 12.  The clinch nut of claim 1 wherein said first bearing surface is

23  integral with said nut body.

24 13.  The clinch nut of claim 1 wherein the displacer is tapered inwardly.



