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OF THE INVENTION 1 . Field of the Invention [0001]
wohom/oapsBi cati on relates in general to drive BYTIUSRES/035510

for threaded fasteners, tools for their manufacture,

and drivers for applying torque to such fasteners.

More specifically this application relates to

fasteners that enploy wi nged type drivers. In

parti cul aBPLASL.eRBIYENEMSHGNERr BE€Hs ENGACENEOTI ReYP

spiral driving surfaces and further wherein said

recess i s desi gne&ﬁ@KﬁR@@ﬂDiQ%t@%n@ﬁmNof a

rotating driver . . Brlef Description of Rel ated

Develo O 2 fasteners commonly used

in Indus%%iéJégpp |cd?vons ?plcally are drlve¥ by

power tools at high speeds and under high torque

| opgigo1Puachieondpbilanatpoasentldiebi citht geséganl to drive

consi derations, particularly with respect t the drive
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f ast ener %ead I'deal 'y, such a drive system should
eaﬁad;’glemf actNwee, spechfasaildyr eduiss angdlheaion relates

onet as_ we s to as cl at ed t 0o li.n for forn1ng
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refgssdeglﬁhé%}\%% apd. { PCESS. V@Hﬁhgement of a rotating

driver.
2. Brief Description of Related Developments

[0002] Threaded fasteners commonly used in industrial
applications typically are driven by power tools at high
speeds and under high torque loads. Such conditions
present difficult design considerations, particularly
with respect to the drive systems and, more
particularly, with threaded fasteners having a driver
engageable recess in the fastener head. Ideally, such a
drive system should be easily manufactured, both as to
recess and head geometry as well as to associated
tooling for forming the fastener head and drivers for
engaging the recess. The strength of the head of the
fastener should not be adversely affected by the recess.
The driver should be easily insertable into and easily
withdrawn from the recess. The driver and recess, when
mated, should distribute the stress loads uniformly to
avoid formation of highly localized regions of stress

that might result in deformation of the recess, or



mat ed, should distribute the stress loads uniformy to
avoid formation of highly localized regions of stress

wohede/oaight result in deformati on of the recesBCT/US2005/035510
ordriver, or both, leading to premature failure of the
drive system [0003] The drive system shoul d resi st
camout of the driver fromthe recess when the

fastener is driven. Ln many ﬁgpllcatlons it is very
rporteint  tFatLeHe. f deasHalg ntist BeerapHis e fofi lure "of the

Qf& q%% hg.several cycles, as in applications where
the asteners nust be renoved in order to repair or

repl ace parts or to renove and repl ace access panels.
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driver configurations are
that the drive system maintain driving engagement while
applying torque in a removal direction. It may be
necessary for the drive system to be capable of applying
even higher levels of torque when removing the fastener,
as may occur when the fastener is over-torqued during
initial assembly, or where corrosion develops at the
interface, at the engaged threads, or if thermal cycling
of the assembled components has placed increased stress
on the fastener. Where one or more of these, and other,

characteristics may present competing considerations,

compromises of one in favor of another may be made.

[0004] A variety of recess and driver configurations are
in common wuse, including a number of cross-recesses,
such as those described in U.S. Pat. No. 24,878 (Smith
et al.); U.S. Pat. No. 3,237,506 (Muenchinger) and U.S.
Pat. No. 2,474,994 (Tomalis). Other fastener geometries
include multi-lobe geometries of the type described in

U.S. Pat. No. 3,763,725 (Reiland) and ribbed drive



i n comon use, including a nunber of cross-recesses,

such as those described in US. Pat. No. 24,878 (Smth
wenomlo4)783U. S. Pat. No. 3,237,506 (Mienchi nger PCaug2005/035510

U S. Pat. No. 2,474,994 (Tomalis). Oher fastener

geonetries include nmulti-|lobe geonetries of the type

described in U S. Pat. No. 3,763,725 (Reiland) and

ri bbed drivesystens as described in U S. Pat. No.
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Wth the exception of the ribbed systens, the walls
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'Eg}l %? @/gwth each other in an effort

to a I ev e contact of the driving and
driven surfaces. VVth cross-recess fasteners, such
fa{dmasi de:Eherigrmgemmepctannoccﬁr tdrd yribbedt sdtems, the

e et KE0g=p ot SRATEE, CROVERETS. | WYRHaTLY are
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to be 1nserted into the recess, there necessarily must

be some clearance between the two.

[0006] The necessity for such clearance is even more
critical with recesses having substantially vertical
drive walls, as 1in the Reiland '725 patent and Allen
head systems. In all of these systems, the practical
result of the necessity for such clearance 1is that
substantial face-to-face, broad area contact between the
driver and recess surfaces is seldom échievedq if at
all. wWith most drive systems for threaded fasteners, the
driver mates with the recess in the head in a manner
that results in point or line contact rather than face-
to-face broad area contact. The actual area of contact
typically is substantially less than full face-to-face
contact. Consequently, when torque is applied by the
driver, the forces applied to the screw head tend to be
concentrated in localized areas with resulting high

localized stresses. Such localized high stress can



all. Wth nost drive systens for threaded fasteners,

the driver mates with the recess in the head in a
woamsddiskhat results in point or |ine contact Pariuseo0s/03s5510

than faceto- face broad area contact. The actual area

of contact typically is substantially |ess than ful

face-to-face contact. Consequently, when torque is

applied by the driver, the forces plied to the screw
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uni nt ended di sengagenent of the driver fromthe recess

0007] The foregO|ng difficulti es have been
el[&cpg%"l]zea hpn fareaging F%%fékgﬁiaFéeSuf@vepa?ee%recognlzed
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arrangenent in which the driving and driven faces of
t h(@mdskaw arm}ilsﬁcabm@e@ra sesgeche&él gpdade ivervedrangement

| acat c trlcall pect 0 the

| K R SR YT B Pt IVET (HTEE cf vty Bf Lver and
SUHE @t | CUl @ds@sct DEBP) I al apay beuvsed asahang ascated
it is oriented to bind or lock together by frictiona
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not appear’ to have adopted the Bradshaw
t egichiulgaiof onrel]ymgngspmrhm ataynble em]a@]easntlol{l@oaﬁ] B is

drive em for n12|ng ngage ble surface. . .

mQ£%qﬁ§%éentPhe eroﬁndlpgge QQ? riB€d i rctional

U.Sygddettit Nowo BwPbihs B4R 1 whi @}a@mnwa@rﬁ@ﬁgs, later
fastener drive systems, as those referred to above, do
not appear to have adopted the Bradshaw teaching of

relying on frictional engagement.

[0008] A drive system for maximizing the engageable
surface area between the driver and recess is described
in U.S. Patent No. 5,957,645, which is commonly owned
with the subject application. The disclosure of the
‘645 patent is incorporated 1in this application by
reference. The recess and driver of the ‘645 patent are

constructed with spirally configured engaging surfaces.

[0009] The advantages of the invention described in the
‘645 patent are achieved by configuring the driving and
driven surfaces of the driver and fastener,
respectively, to conform to a segment of a spiral and,
particularly, in a spiral configuration that enables a
substantial and generous clearance Dbetween the driver
and the recess during insertion and removal of the

driver but in which the fully seated driver is permitted



with the subject application. The disclosure of the

645 patent is incorporated in this application by
woebmroermse. The recess and driver of the '645 parask00s/035510

are constructed with spirally configured engagi ng

surfaces. [0009] The advantages of the invention

described in the V645 patent are achi eved by

configuring the driving and driven surfaces of the

driocverramt¢ astenetakeespect ity ¢beevapeem t Bhg spiral
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cl@arancehpiyeail d headrd vef e tbeesecase duchnghat when
insertion and renoval of the driver but in which the |
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they. do so over relatively. b d th by . .
apBIGi g 0o HPSLFT BEET g SRS St el VaTe t RafopPGagor tion
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are oriented to direct a major portion of the applied
t drafeengibst aadias | ywashnalittdlithe fllst e®RY ., r agPddance on

with little, i 1Y, [ 8 i ctional, near-
t&%ﬁé%JfﬁEﬁ%hd%ﬁ%ﬁé%%ﬁ§%4ﬁﬁﬁﬁaéﬁhé#%ﬁ%%ﬁh of the
mul tiple | obed drive systens have sonme simlarities

antbabId ereites,eddh i sfcahmnmaibnglehdmbiduht draget systems
CTGReTENL Of e, ecpos and O el % OBl M 2811 M oo,
Relrddiy ekYiehr eghse, abisonmeat chebvwearniheofr itkr 288ess and
| obes 1s required in order to obtain
driver is optimized, the insertion of the driver becomes
more problematic. Relatively precise alignment between
the driver and lobes 1s required in order to obtain
guick, full engagement. This is especially critical in
production and other environments where the driver is
generally rotating as it is being engaged with the
recess of a fastener. In the rotating mode and even in
simple manual installations, the failure of proper
alignment of the driver in the recess may generate
deformation of the fastener head and even destruction of

the fastener. There are several solutions to this

problem in the prior art.

[00011] U.S. Patent Nos. 2,77,353, 3,253,625, and
3,620,106 describe a variety early insertion enhancing
recess configurations that apply to specific driver
designs. More recently U.S. Patent No. 5,171,117 issued
to Seidl in 1992 and describes a guide surface 27 for

adaptation to a multilobular recess. The guide surface



qui ck, full engagenent. This is especially critical in

production and ot her environnents where the driver is
wqgemsrialisy rotating as it is being engaged w t RCThS2005/035510

recess of a fastener. In the rotating node and even in

simpl e manual installations, the failure of proper

al ignnment of the driver in the recess may generate

deformation of the fastener head and even destruction
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probl emin. t r|o art. 0001 P gnt
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eqrﬂ@tdl&%&rﬂdrpno@nh@nél NhJRERSS. confhosr aidrm’thdﬂ’B&Ilon is

app to specific driver designs. Nbre recently U
ioudt 5, 172, 11Pereaedure Seidlid i n 2957 anéfaclJthates

;ﬁ%ﬁt}b A g de 3urfage 22,400 AARAILONA 0 B engaging

recess . e gui de su |s system
eadﬁﬂvkzsn&ﬁ ﬁH&anamnﬁaknﬂﬁnnntxﬁnzbﬂ(ﬂhﬁ:ﬁﬁb@maﬂmalIy
sl opes downward in the direction of installation of
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direction of the fastener. [00012] It is pur pose of

t anufnantiesh, and coretrded Z25Rf abe &@tﬁnhedwé%%tb@ns of
a:gquss.%)éﬁF%Erq95|ly manuf act ured and provi des

s in @ctions of fastener rotation. SUMVARY
OF THE | NVENTI ON [ 00013] The fastener of this
application is dessyrmHaRYoOFaTHEI THVBNTHREN| nserti on of
rotating power driven tools

[00013] The fastener of this application is designed to
facilitate the insertion of rotating power driven tools
into the fastener recess. The recess of this fastener
generally uses spirally configured driving surfaces and
is comstructed having four radially inward protruding
lobeg that define the wings of the recess. Lobes are
formed in a counterbore in the upper surface of the
fastener and each has an upper surface that is depressed
a distance into the counterbore. A ramp surface is
formed in the upper surfaces that causes a spinning bit
to fall into the recess in an engaged manner. The ramp
surface is constructed with both removal and
installation ramp portions. The removal ramp portion
extends from an apex to a trailing edge in a sector of
predetermined circumference. Removal ramp portion is
formed to decline at a compound angle generally
downward, radially inward towards the axis of the
fastener and generally downward in the removal
direction. An installation ramp portion extends from the

apex of the ramp surface to its leading edge in a sector



into the fastener recess. The recess of this fastener
generally uses spirally configured driving surfaces
wanaeig1senst ruct ed havi ng four radially i nwar #CT/US2005/035510
protrudi ng | obes that define the wings of the recess .
Lobes are forned i'n a counterbore in the upper surface

of the fastener and each has an upper surface that is
depressed a distance into the counterbore. A ranp

supf ageotbefopmredeitprriacdp pir cifersesa.hdthe alsesahlation

spinning hit to fall. intg the r $s in.,an_e
naﬁﬁ@?.%ﬂﬁgﬁ%ﬂnf%quggg 'gx%oﬁggiﬁg?eéﬂﬂﬁ?hq%%%%%nd angle
regeMalkadng idesindlard | 84041 &Py Pehiveeds. .tokierdenohal axis of
ra portion extends froman apex to a trailing, edge g

i nthesEessENEr HEH IR H TekY cPPviREfeAte. thiembiafal lation
ragErQ?Figgp is formed to decline at a conpound angl e
general 'y downward, radially inward towards the axis

of the fastener and generally downward in the renoval

di [e00Léh. InArttiins tredlrirags on fTaaiperpar tieresxtehdsréviphed that

the apex of the ra urface to its. | eading edge in
se@?grgﬁgﬂﬁﬂ?é%cﬁggﬁgtgﬁﬁpﬁe Qﬁ%i&ﬁﬁeggﬁgg?q%ﬁg and that
i nghakhatheasr asRghgEhbAl | $nf OpsEE tehdecih®eaBladion and
conpound_angl e general |y downward radially inward

t ongmng¥al hdisRrsienst he fastener and generally
downward in the installation direction. [00014] In

this manner a FastenghstReBssolSopr ok dsiafibbsay be

manuf actured using fam/liar techni ques and that
facilitates engagenent in both the installation and .
ref@0aL5diTert FaaseneBRIEF DESCRI1PTICONIOR THE PRAWENGSd in

more detail below with reference to the accompanying

drawing, in which:

[00016] Figure 1 is perspective view of a flat head screw

having a spirally configured recess;

[00017] Figure 2 is a cross sectional view of a flat head
screw having a ramped lobe surface according to this

invention;

[00018] Figure 3 1is a perspective sectional view of a

fastener having the engagement ramp of this invention;

[00019] Figure 4 is a perspective view of a punch for use

in making the recess of figure 2;
[00020] Figure 5 is a top view of the punch of figure 4;

[00021] Figure 6 is a side sectional view of the punch of

figure 4 taken along the sections lines 8-8 of figure 5;



[ 00015] The fastener of this invention is explained in

nore detail below with reference to the acconpanying
wdnreosioagis3i n whi ch: [00016] Figure 1 is perspeeCTAS2005/035510

view of a flat head screw having a spirally configured

recess; [00017] Figure 2 is a cross sectional view of

a flat head screw having a ranped | obe surface

according to this invention; [00018] Figure 3 is a

pelGpeR2] ¥e gseesi o -4 ewibluatfaseendhehavs #epPe hein the

engagenent ranp of this jnyention; .[00019] Fiqure

a %@%%5%%??ﬁ%pv?gm?o?uﬁcéuﬁ8ﬁ Far ﬁéegpﬁm#a i%%m%ﬁédé%s of
regess ohveh@s:e; Zana[ 00020] Figure 5 is a top view of

the punch of figure 4 ; [00021] Figure 6 is a side

sectional view of the punch of figure 4 taken al on

{NE0BRRET] SRR ST ofL M-S tHo0Beb] FPguiey of the
7afg§e$%l8§tﬁ§5§;tﬂﬁvéﬁ@fé%gﬂtﬁﬁgz@ﬁ@sﬁﬂﬂ§tﬁQﬁdﬁfo§ figure

punc r use In formng t recess of this invention;
angl. [ 00023] Figures 8a-8b illustrate the cold formng

of the recess of this invention utilizing the punch of
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exenpl ary threaded fastener 10 having a shank 12 with

t hfeaosa 14 ifrieed Bt eneuvendaged a deadekbmpiblya threaded
recess 18 forned at the other end. The head _ 16

f of #RECRAT al o AFEAPE0RalSRARE bl DWW heBdErT REEHR i ?/ﬁ?q—”%ed at
hoglh L elith Of HRBdM 16 Q4 cal NPT BBLEET Alg fromUli &R the
other end. The head 16 may be formed in a conventional
two-blow header machine in which the end of the wire or
other material from which the fastener is made is
supported in a die of the header machine and its head
end is impacted, first with a punch that partially forms
the head, and then with a finishing punch that finishes

the head and forms the driver-engageable recess.

[00025] The recess 18 is illustrated as having a central
portion 20 and a plurality of radially outwardly
extending wings 22. The recess in the embodiment of
Figure 1 is formed so that each of its wings 22 has an
installation wall 24 (assuming a right-handed thread 14)
and a removal wall 26. The installation wall 24 and
removal wall 26 preferably are formed to be
substantially vertical, defining or closely
approximating a cylindrical surface pérallel to the
longitudinal axis of the screw. The bottom of the recess
may be defined by a conical bottom wall 28. The radially
outer end of each wing may be contoured to provide a

smoothly curved transition 30 between the installation



supported in a die of the header machine and its head

end is inpacted, first with a punch that partially
wobanww4i1se head, and then with a finishing punedTmisai05/035510

finishes the head and fornms the driver-engageabl e

recess . [00025] The recess 18 is illustrated as

having a central portion 20 and a plurality of

radially outwardly extending wings 22 . The recess in

t e léniddiamehtrepfovilgwad 11 46 dorree wing hatheathcess also

its wngs 22 has,an installation wall .24 S

LRI R G e hr HREE 4) Eandhtodaltlidy (F52 Mk  tne
| Rglkalhatitarwaldl 124 ant re@vwainyet? 264 peeéerahnbyal wall
are fornmed to be substantially vertical, defining or

clkés elfy thsprexitmadiifgeR te WinsdiZcal surface parall el

to the longitudinal axis of the screw. The bottom of

t 1R 0loBe4Ss: MBYoLEq IELI BEdebYc dog0BhsR! chA! LAYLNEL Ly 2fay e
The radi"ally outer end of each wi ng may be contoured
t dnjooayiote tads noot thyeaded eflas tansisi an 30 welewearidey of

installationwall 24 %ﬁg renoval wall 26 of the.-w ng. ch
TROGERSE RS | el Sh | hREFCPPansi s St 3 £he
betveardhe tist abhat repswaldathdfmene wrng edd afithn four
the renoval wall 26 of the next adjacent w ng 22.

[ 0G026] BE shbaWd-be hdEreU@dd HHat SRS 9GtvedliVeRLARYE 1S
be, i r t in.t d sten ' | de
R B O P ot TOn o nclud ngy s Bessast Gerararryent:
oftHike dnwvenfaom type and tdmsel haviaff awriereor inessecesses
than four wi ngs as shown. Al though the subject

i PRSP e SOGAHTERN - SSrence to a spiral type
engagenent, this invention nay be equally effective in

rqRDE[ The fastener of this invention 1is generally
similar to that shown in figure 1, but includes the
modifications shown in figure 2. As stated above the
fastener 10 of this application is designed to
facilitate the insertion of rotating power driven tools
into the recess 18. The recess 18 of the fastener 10
of this invention is best shown in the sectional view of
the attached figure 2 and in the perspective view of
figure 3. Fastener 10 comprises head 16 and shank 12.
Head 16 is constructed with a recess 18 formed in upper
surface 7 of the head 16. Recess 18 is constructed, for
example, having four radially inward protruding lobes 3

that define the wings 22 of the recess.

[00028] In the fastener of this invention lobes 3 are
formed in a counterbore 2 in upper surface 7 and have an
upper surface 8 that is depressed a distance d into the

counterbore 2.



havi ng ot her engagenment schenes . [00027] The fastener

of this invention is generally simlar to that shown
wonodeiogurse 1 , but includes the nodificati ons BODMS2008/035510

figure 2 . As stated above the fastener 10 of this

application is designed to facilitate the insertion of

rotati ng power driven tools into the recess 18. The

recess 18 of the fastener 10 of this invention is best

sHOWP291 Eaehseetiponsirfaeqy df itshesimibehed ffioghes 2in the

and int per spective view of. fi.gur .. Fastener :
con® heBa=16 3 asclf?anil 23 éjad‘%‘Lféelss %’ong rusci eqt P
Wit kg £ CeSend 83 f oaAEd ikh cepRerusitiddace th oin thempeadthat
16. Recess 18 is constructed, for exanple, having four

r aditairlds iower dapsetiadi o lappeoxd matalwe?ihe tHee ramp 1

w ngs 22 of the recess 00028] In .the fastener o .

t i i’ﬁ?ﬁen‘f?%t?%%%e 32 aL@ufsgr }?E(fglﬁl%ngoj?ﬁe%r% r %aﬁl into
| RHEPPLEceYET a6e In aBdghave amrmer surdeaceaspt hatof Slobe
depressed a distance d into the counterbore 2 .[00029]

Escirfearep sBrfdce 1cPsssrnrEef| y widthedbpiht heremoval © and
recess pe C t : in
SR A L et dnedn

that extends over a sector of approximtely 90. The

r 9o 0B cnHetnbeatonampr poreidncausetandpi fmomgthiet apex 9 of

fall into th ] ' d The. :
oft Aot SEP 400 I CHIET ki AR AFEh Dorhor BFbyal TaaCLon

| N5t ableat 0y F@MM PREL iPNSFeBACE)r espeatdrtel ¥. sector of
[ 00030] Renopval ranp portion 5 extends fromthe apex 9
ofcimammflenenae akl i ngRemigeall 1 remei Pt id®dckwilge formed to

r(gégffﬁé at a compound angle generally downward, radially

inward towards the axis of the fastener and generally
downward in the removal direction (counterclockwise

direction 41 in figure 1) at an angle A, as shown in

figure 2. Angle A will be in the range of 1° to 2°.

[00031] Installation ramp portion 6 extends from the apex
9 of ramp 1 to leading edge 15 (using a clockwise
rotation 40 of figure 1 as a reference) to form a sector
of circumference y. Installation ramp portion 6 is
formed to decline at a compound angle also generally
downward, radially inward towards the axis of the
fastener and generally downward in the installation
direction (clockwise direction 40) at an angle B, as

shown in figure 2. Angle B will be in the range of 2° to

6°.

[00032] In the embodiment of figure 2, ramp portion 6
extends for a sector of substantially 60° and ramp 5

extends for a sector of substantially 30°. This will

10



40 of figure 1 as a reference) to forma sector of
circunference x . Renoval ranp portion 5is forned to
wdealsioaersat a conpound angl e general | y downwar #CT/US2005/035510
radially inward towards the axis of the fastener and
general ly downward in the renoval direction

(countercl ockwi se direction 41 in figure 1 ) at an

angle A, as shown in figure 2 . Angle Awll be in

t hargyeaofonding o [fbeo3umberstcd | kebhes, rhwp in general
partion 6 extends fro he apex 9 of.ranp 1-to.leadin
Cagte TR G SO ET otkvrBe FBTAL PRRCADRGT TR guPe” ToagRly 2
a gefermneadadd dompmusastore of circunference y .
Installation ranmp portion 6 is formed to decline at a

conmpound angl e al so general |y downward, radiall
i nRBIbLGarBserReTSxi% BFSLREST ddt ehBf &AW |9f the

doupld 5y Lhediabalibal | gl dohgabbfnf Clodckimseariver as
direction 40) at an angle B, as shown in figure 2 .
Anigt eepweddhdre timethampahge Gbuiten Borp08032]) domsttheicted

mbodi t of fi 2 . ti 6 ds f .
SRt oF GRISENT TP ER| 6 60 aniE P afp o okt Shad FB & which
segior oaﬁgumﬁéﬁdﬁhéyoao.tﬂ@i sivel | sharge acgorehdy, for

to the nunper of |obes, but in general the relative
siexargile he -O/AE pbrehens igY | abEatirgRy Ravang fer recess

ease of  manuf ur.e, - nt-ar 2 Si [
eSS gubener RS i QORRloBON LIS EE? SR8 8 rom
engageapat 6f ihhecldy i MestaSlati@ppdbaehesonheor anpicpbth d;.
Counter bore 2 is construited at a m nj mum dept

h.d ,
atTthe” aFBx PP TS Fanp geclineen afi | $RYEFy AdedenbiPhg Tepeval
theisize f the fastenes,. for

[00034] A punch 50 is shown in figures 4-6 and is
constructed for use in cold forming the recess of this
invention into a fastener blank by pressing under high
pressure in a well known manner. Punch 50 is formed
with lobes 52 for forming the wings 22 of the fastener
10 shown in figures 2 and 3. Lobes 52 extend outward
from surfaces 53 that are constructed to form the
counter Dbore 2 of fastener 10. Surfaces 53 are
contoured as a mirror image of the ramp portions 5 and 6

to form the ramp 1 of fastener 10.

[00035] To accomplish this, surfaces 53 are constructed
with portion 55 extending from the apex 59 of surface 53
to tip 61 of the adjacent lobe 52, in the clockwise
direction in figure 5, to form a sector of circumference
X. Portiqn 55 is formed to incline at a compound angle
generally upward, radially inward towards the axis of

the punch and generally upward towards tip 61 at angle

11



exanpl e, .0044 inches for a fastener having a recess

size MI-I. The ranp portion 6 declines at angle B from
woOheocapers39 in the installation direction to aPdeiSE05/035510

di. The ranp portion 5 declines at angle Ain the

removal direction to a depth d2 . [00034] A punch 50

is shown in figures 4-6 and is constructed for use in

cold formng the recess of this invention into a

f ast eer shoemkiby fpoess My undlesldi §hwiddsg eipinthe range

wel I known _manner. Punch 50 is fornmed with | obes 52

f tf flor §°ng t he wi ngs 22 of the fastener 10 shown in

figures 2 and 3 . Lobes 52 extend outward from

surd ?zgx Lhat cab8 goga&;‘;yehe%t exfanALt ke omovRkeEpex 59
of ur

bor e astener 10. aces 53 are contoured as a
maff osurfrage &3 the raiyp portabnshe aardlidcent f dolpet hien  the

ra 1 of fastener 10. [00035] ~Ta.accomplish this,
sd£$536§x§§K§W@%ﬁn@ﬁ??&%%ﬁFM%Fh pEHEFo ég)eé?g%d?nSeCtor
f rogmdheapeae & Oofy subdBELo®356 0181 Pobdedf tbhéncline at a
adj acent | obe 52, in the clockwi se direction in figure

5 commpunst lmagbecoeneshléyr apmeaice feadi@l Lypoi prgRds g owards
i f or tQ.i | i a a ;
S AR NSl 2GRN TG St otz i

amd genesral dryglpvey das ogaowls thpfHduae angl eAglea® will be
shown in figure 2 . Angle Awll be in the range of 1

t o2, tHeooo88le 19E atfditd éi-a por thenesboditends ofr fhoure S,
the apex 59 of surface 53 to tip 62 of the adj.acent _ .,
I6&&@%?4lﬁﬁ(ﬁﬁﬁﬁ%§%lgERmFséeGFPQCPFoﬁ : %ﬁﬁyhéiithQ and
]t %c?m%tgqsrgclggglef%%teecngc{scggfo%r eJ]CSeXtOrPO(% ' gﬂbé@ah%ially 30°.
This will change according to the number of lobes, but
in general the relative size of the ramp portions will

be roughly 2 to 1 for ease of manufacture.

[00037] Punch 50 is constructed, as shown in figures 7a-
7e, and is then used to cold form the fastener 10 in a

well known manner as shown in figures 8a and 8b.

[00038] To construct punch 50, a wire EDM operation is
used to construct a die or hob 70, as shown in figure
7a-7e, for cold forming a punch from which the recess of
fastener 10 can be made. The hob 70 is constructed from
a blank 71 of steel bar stock, for example, one inch
long by one inch in diameter, that is centerless ground
to a tolerance of one inch +.0005/-.0000. The ends of
the blank need to be parallel and square to the outside
diameter. Close tolerances are necessary to ensure a
successful wire EDM operation. As shown in figure 7a, a
central bore 72 is drilled axially in the blank 71 at a

diameter less than the root diameter of recess 18.
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conmpound angl e generally upward radially inward

towards the axis of the punch and generally upward
woawmrods’ssi p 62 at an angle B, as shown in fi garas205/035510

Angle Bwll be in the range of 2 to 6. In the

enbodi nent of figure 5, portion 56 extends for a

sector of substantially 60 and portion 55 extends for

a sector of substantially 30. This will change .

ad@®@0drigrhe tthd Inntémepkibobds,amit dmildederhiapke 71 1is

rel.ative size of .the ranp porti AN r I :

{ FHE oPoRAEEoBra Rl Ao UTES [O0baTT Bunen Shel e wire
cangddricded, trasosfiownchd fbguees7za- 7e,Tiand whré hempM is
used to cold formthe fastener 10 in a well known )
IR agEeshdwh Gt f Pgtr 8s b8gckn@fsmayegdstaotorm a die
consiryct C , i r 0 j opj S t

o B o P o S T h T rotee 0 y8e shown
f dm chlghifeorm ngra pohébver amewrioott itdnes recessd 06 on each
fastener 10 can be made._The hob 7Q_is constructed .

f GRS Yt aRRn9 ég'sfﬁbfg%%rpg? gk 80 gr &Eﬁﬁﬂ%ﬁgoW%th the
| REhd NG bYooneshpehicby dbgnetels, tdidwd s centeibess 7c.
ground to a tol erance of one inch + .0005/- .0000 .
THaudedesof8 1 HP M arindedd a2ve beapaiagfepnbndrsgiar 80 In

to the outsid Lameter. C .t al.er es, ar

né%%‘%%ryt?o g%gﬁ%% a%éﬁccéézﬁﬁ%gﬁfrgﬂ% opg?%tigﬁé ramp
Assishded N Eheguranrfacas centpal dos emd2hiisedr idt edompound
axially in the blank 71 at a dianeter |ess than the

r Gt st & B e €R9TREF 00039] The fully

di mensi oned and drilled blank 71 is then positioned in

a Vg gy ADYLEhyt UpeoWet h giohe wig e dmspit ednt heoyghet hed, a
bore 72 . The"wire EDMis programmed to cut out a
blopintofriymter 7 4l heyiner nramglj surfaces 75 and 76 on each

lobe can be formed. Die cavity 73 of hob 70 is then

complete with the shape of the recess 18 of fastener 10,
as shown in figure 7e. Hob 70 is then used to make
punch 50 by pressing. Fastener 10 can be made by cold
forming a blank using the punch 50 as shown in figures

8a and 8b.

[00041] While the invention has been described with
reference to specific embodiments, the description of
the specific embodiments is illustrative only and is not
to be construed as limiting the scope of the invention.
Various other modifications and changes may occur to
those skilled in the art without departing £from the
spirit and scope of the invention, as defined by the

claims.
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cavity 73 in the shape of the spiral recess 18, as

shown in figure 2 . To achieve the portions 55 and 56
wonowaaivsd obe i n punch 50, an EDM probe 80 is rachiSzm®d/035510

with the contours of surfaces 53, as shown in figure

7c. Surfaces 81, 82,83 and 84 are nmachi ned onto probe

80. In order to obtain the required shape for the ranp

surfaces, the surfaces 81-84 are machi ned at conpound

angl es of 9 and 15 degrees. [00040] Using probe 80, as

shown in figure 7d, a counterbore 74 having ranp

surfaces 75 and 76 on each | obe can be fornmed. Die

cavi ty ¥3refersb frmed t hen t‘cftﬁrpin@?é ViR E hat heasrRipRr of said

10 0 ure th
Fgﬁ(%%ﬁ$ %§ sé@é e bﬁﬁ% o&%§é§92§§ing9ﬁés at
Fasdfeiner 1Gwiaraldsy rmdmﬂfylgmiazﬂ f ordring.ray bl ank fasiesg for
the punch 50 as shown in g

[ 000
V\yﬁr}@q%e%vwﬁ?ho@ h%%tb%%n%éé’@rl B@ggw% Hé%?%%%% said

t‘%éﬁ%gﬂéfClﬁ”@ﬁgtHE@E%1oﬁh%n@?%%ﬂdﬂdf”ﬁ&%eéﬁfons about a
specific enbodinents is illustrative only and is not

t ol ey icondinaledeosiss | igAid epadas seoper iofinde

i nvention. Various other nodifications and changes nay
occur to those skilled in the art wi thout departing
fronathesyhsﬁan&yaikMxnxpxﬁlm¢mﬁ¢mhent|@ﬁlaééYdef@ﬁé@ned

by th | a f he h
P ot or odifirsdie LWAZEERS L0T TRY A Ul S8 PLo ar the

| obes thastatedi nensgi r avhyreonfi gared dulvipgesunbaees are
for engagenent_with a mating drive tool for rotating
said recessed therein;

a ramp surface constructed on each of said multiple
lobes on outward facing surfaces thereof, each of

said ramp surfaces further comprising:

an installation ramp portion extending radially inward
and circumferentially in the installation direction
from an apex of said ramp surface, wherein said
installation ramp portion declines from the apex at
a compound angle both radially and

circumferentially; and

a removal ramp portion extending radially inward and
circumferentially in the removal direction from the
apex of said ramp surface, wherein said removal
ramp portion declines from the apex at a compound

angle both radially and circumferentially.

2. A recess for a fastener, according to claim 1,

wherein said installation ramp portion forms a sector of

14



fastener in installation and renoval directions about

a longitudinal axis, said recess conprising: a
weubstramsdal | y cylindrical, axially aligned, PCT/US2005/035510

counterbore constructed in an upper surface of the

fastener head wherein said nmultiple | obes are recessed

therein; a ranp surface constructed on each of said

nultlple | obes on outward facing surfaces thereof,

esahdofc@@miemampKSUE&aeaﬁlm@rth@r aonﬁnmstngpradetermlned

installation ranp portion extendi r.adi al

aﬁ&49¥@§ﬁﬁﬁﬁ%n?P I?aFﬁt¥ﬁ@?%%fmq%%90§%%ﬁec |%ﬁrm5 a

f B apgx ofasai dcbafpesdbiace exRel@iny sail a second

installation ranp portion declines fromthe apex at a |,

c emecietdrarigiasl bot ¢1€9(@If%ﬂr$1§ﬁ%nda@fir cufferaiant i gaty; first

and rennval .0 n d y d

and clorrcuc rcere arf)ﬁpéél g]tﬁ;‘éaregérdrfov‘(::l]ihj’[u‘gll| ‘%’élé |8%e¥¥ﬂa ector

t ke rapefafersai .d ranp surface, wherein said renoval

ranp portion declines fromthe apex at a conpound

angle both radially and circunf erentially. 2 . A

recess for a fastener, according to claim1l , wherein

idinstallation_.ranp pQr tion forng sector saj-d. .
cg'unterpboirg C&RfentiPhg ¢ n gsftlepsetr ‘pr 88??5?#?{%‘% Ubin 2,
CiHedier ence o sabel sem@val rsampepobki @ﬁlrﬁ&fnﬂ’&rances to
sector of said counterbore extending,in a_second

pregdet e AEPRE SINCCORT F EFRENERIPIHRr 4Fn SSRSFMTlly 2 to
sgctor circunferences is greater than said second
sector circunference .

4. A recess for a fastener, according to claim 2,
wherein said first sector circumference is 60° and said

second sector circumference is 30°.

5. A recess for a fastener, according to claim 1,
wherein the installation ramp portion declines

circumferentially at a predetermined angle.

6. A recess for a fastener, according to claim 5,

wherein said predetermined angle is in the range of 2° to

60
7. A recess for a fastener, according to claim 1,
wherein the removal ramp portion declines

circumferentially at a predetermined angle.
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3 . Arecess for a fastener, according to claim2 ,

wherein the ratio of said first sector circunferences
woaosauissecond sector circunference i s substaRCraiSkopsAa35510

tol. 4. Arecess for a fastener, according to claim

2 , wherein said first sector circunference is 60 and

said second sector circunference is 30. 5. A recess

for a fastener, according to claiml , wherein the

i 1%t al 12at renesanpfpor td of agéehicres effeudiapentdaldhpim 7,

at a predetermned, angle. 6.. A_recess for a fastener,

aé@'@rrfpﬂ% slaoldupaqqﬁeate?r%@dem% d Spridtet¥ mas 511 to

aggle isin the range of 2 to 6. 7 . Arecess for a

fdstener, according to claim1 , wherein the renoval

ranp portion declines circunf erentially at a

predeterm ned angle.8 . A recess for a fastener,

according to claim7 , wherein said predetermn ned

argl e izs netHdie ofngekofigla tmrzh For Aomethog af recess in

maki ng.a punch for formng a recess in the head o

f :
f ddten8FadsaPl recdSS WAy AL ip?%c?%‘?valkﬁive])a%na‘]%ﬁéjlple

| o AdhatdehbiggsnidiRld yesenf isauried déﬂ?i’félglfiurc_fo@l(f@.%ured
for engagenent mn?h a mating drive tool for rotating
salm viast ensrfages nkenl ¢ryigenentd wekbval maiieet dgaye tool

about a ] onai tudi_nal XIi.S i risi t
e R L e e L
aldigned,i ey e awoat di @ blladgitudinal axis, said method

comprising the steps of:

forming a substantially cylindrical, axially aligned,

bore in a die blank,

forming multiple lobes in said bore to define the

multiple driving surfaces of the fastener recess;

constructing a ramp surface on each of said multiple
lobes of said die on outward facing surfaces
thereof, salid ramp surfaces being recessed a
predetermined depth in a counterbore in said bore,

each of saild ramp surfaces further comprising:

an installation ramp portion extending radially inward
and circumferentially in the installation direction
from an apex of said ramp surface, wherein said
installation ramp portion declines from the apex at
a compound angle both radially and

circumferentially; and
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formng nultiple |obes in said bore to define the

multiple driving surfaces of the fastener recess ;
woanstussi ng a ranp surface on each of sai d nBCTIUSE®3/035510

| obes of said die,on outward facing surfaces thereof,

said ranp surfaces being recessed a predetern ned

depth in a counterbore in said bore, each of said ranp

surfaces further conprising: an installation ranp

por t Romeawveddinegy adbatigni swseadangd ciadiwily 1nward and

erentlmﬁ%%ﬁ? nthe 'nﬁFa”iﬂ'éﬁéd£d%85éfa§§ ggkggnaggém the

of sai C(F erern sal I NS Ion ra

portion | bﬁesséi@mrtaﬁ@) apaxfatea cohpodsi aygid® removal
both radially and circunferentially; anda renoval ranp
port|oﬁa@aeﬁ@ﬁ?&P?aéﬁ&ﬂP?eﬁnﬂ%¥H“aﬁ@e apex at a compound

ci rcunf qlrsgq_rg THAY J:lzﬂi é} %%H@Jﬁfé é}{tlfa{lqrpt h&a

apex of ramp Surt rein said renoval ranp
portion declines fron1the apex at a conpound angl e

bot o3l 3Ly, A0d Slel GUIHCAT 60 1 3ldds 1 Ands CBLACROLTRAR into

t he punch y pr i'ng a pun

The netdwidi aticording to claim9 mhereln t he step of
constructing a ranp surface on each of said multiple
| obes on outward facing surfaces thereof further
conpri ses the steps of: constructing a substantially

cyl { ndrj caI r e .EDM e f|t . th
c&d%ter meLRPY nggé%ﬁ |E§pa% %%ﬁaglngmé%$$§%e?he step
CQﬂﬁtééﬂ%tfmb@uﬁ@raeSamb fsrfiarg i fewds oft shidgntieiple

lobes on outward facing surfaces thereof further

comprises the steps of:

constructing a substantially cylindrical wire EDM
probe shaped to fit within the counterbore, said

probe having an engaging surface;

constructing a series of forming surfaces matching the
number of lobes on said engaging surface to form
the compound angles of the installation and removal

ramp portions.

11. The method according to claim 10, wherein the step
of  constructing a series of forming surfaces further
comprises the step of machining four forming surfaces at

a compound angle of 9 and 15 degrees.

12. A punch for forming recess in the head of a
fastener, said recess having multiple inward extending

lobes that define spirally configured driving surfaces
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nunber of | obes on said engaging surface to formthe

conpound angles of the installation and renoval ranp
weanteioams3. 11. The method according to cl ai m BOT/US2005/035510

wherein the step of constructing a series of formng

surfaces further conprises the step of machining four

form ng surfaces at a conpound angle of 9 and 15

degrees . 12 . A punch for form ng recess in the head

oﬁarfewgegemengwwim®0ésyﬁﬁﬁnmgdﬁ&Mﬂpﬁ@olnﬁhﬁ@ rotating

ext endi | obes that def. irall onf d

d PRV %gﬁFﬁﬁggsfb? eHyRyenEt $ W?tﬁ%gfnaf?%g%g garections
t%@ou&@% W@h@ﬂﬂﬁ@m&%ﬂda&ﬂ%temaidlpdﬂmﬂiﬁdmyﬂryin@nd
renmoval directions about a |ongitudinal axis, said

punch conprising: a punch head extendi ng outward from

a shankyhenandae hamidiglmbesuy ahdaigedono af hardiheco a tip
spirally configured driving surfaces, said punch head

havi ngh@Vfungst dphast eramtangrd shafk aherPurthg spirally

conprisjn ré&”ﬁfﬂv éﬁ)gﬁf@géggflﬁg%laﬁéﬁéﬁ'ﬁead having

allgneé:O a portlon a secon

base p@1|ﬁnrganswnmmantmutmﬁrduhethehahhnkaﬁdthéurther
punch wherein, said second dianmeter is |less than said
first HCARET S %Ind further wherein said | obes project
outward from said base portion to the tip and extend

in the radial direction to the second dianeter, said

| obed foHF bR RbL 8 haped idir¥etes Ratidlg YoutidSgeon  base
sai d bagg Pyt i1R1 RPIYeLH-£3¢Nal 8R€ter, said base portion

constructed outward on the shank of the punch
wherein, said second diameter is less than said
first diameter, and further wherein said lobes
project outward from said base portion to the tip
and extend in the radial direction to the second
diameter, said lobes forming wing shaped surfaces
facing outward on said base portion, between each

lobe;

a ramp surface constructed on each of said wing shaped
surfaces, each of said ramp surfaces further

comprising: ,

an installation ramp portion extending radially inward
and circumferentially in the imstallation direction
from a trough of said ramp surface, wherein said
installation ramp portion inclines from the trough
at a compound angle both radially and

circumferentially; and
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a ranp surface constructed on each of said wi ng shaped
surfaces, each of said ranp surfaces further

woan@rodsisag: an installation ranp portion exteRdTmg2005/035510
radially inward and circunferentially in the
installation direction froma trough of said ranp
surface, wherein said installation ranp portion
inclines fromthe trough at a conpound angle both
r adi al Mervélci rarunf BPERL PRI Bt eagdady Lgpprward and
portion, .extendi radi-al ly. i d : :
Ci rcurrfcelrreén |§$%/qﬁ_il%qt]l§e %Jrelrm%va Jalglﬁg\é?%oﬁilfrreocr%lgn from a
trough wfosd dofarpisurfane, suhéneen sdiargienovaldr ammoval
portion inclines fromthe trough at. a conpound angl e
bot h r HR IRPERPR | tRehF PRt TR §1flel§ffg§gﬁuﬁ5 a” compound
accor i1 0 1K @i Boldsa WP Sl Sl duistail daliop. T anp
portion forns a sector of said base extending in a
first predeterm ned circunference and said renoval
ranp portion forns a sector of said base extending in
a second predeterm ned circunference and wherein said ]
fik%t Jectowneh s cuREePERHERS | §Ogr €4BeM t Ran syhgrein said

seco ol Ci nf n C [ :£0
L
cigsetri®imnces t a séiidsseconadseetoined r cunf@reierernice and

substantially 2 to 1 . 15, A %unch, according to cl ai m,_
1F2heFEMAVEAI FFH SPOEEEYDr O FSUnt eFEREET 30%033ﬁ3 ase

Saé&é&m&? sect 9r Lt grr-eneechinidld 16irAuRB8Ednce and
according to claim12, wherein the
wherein said first sector circumferences is greater than

said second sector circumference.

14. A punch, according to claim 13, wherein the ratio
of said first sector circumferences to said second

sector circumference is substantially 2 to 1.

15. A punch, according to claim 13, wherein said first
sector circumference 1is 60° and said second sector

circumference is 30°.

16. A punch, according to «c¢laim 12, wherein the
installation ramp portion inclines circumferentially at

a predetermined angle.

17. A punch, according to claim 16, wherein said

predetermined angle is in the range of 2° to 6°.
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installation ranp portion inclines circunferentially

at a predeterm ned angle. 17. A punch, according to
woheioruiB3 wherein sai d predeterm ned angl e i SPCI/USE®5/035510

range of 2 to 6.18. A punch, according to claim12,

wherein the renoval ranp portion inclines

circunferentially at a predeterm ned angle. 19. A

recess for a fastener, according to claim18, wherein

sdisd predetsrini rectening w0 i elake kangehefeint ghe removal

ramp portion inclines circumferentially at a

predetermined angle.

19. A recess for a fastener, according to claim 18,
wherein said predetermined angle is in the range of 1° to

2°.
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