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BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] This
application relates in general to drive systens for threaded fasteners,
tools for their manufacture, and drivers for applying torﬂye to such

fasteners. WHPRRYEi fically this application rel ates PETVSHOUMSFY ¢ hat

enpl oy wi nged type drivers. In particular fasteners having a recess that
provides spiral driving surfaces and further wherein said recess is
designed to facilitate engagenment of a rotating driver. 2. Brief

Description of Relat %I%eb%&@ngﬁ#ﬁ@@f@]mw Grh@sireaefp comonly used

in industrial applications typically are driven by power tools at high

speeds and under high toqueBifﬁﬂﬁnmﬁp%ﬁ eapdirineReroRr esent difficult
design considerations, particularly wth respect to the drive systens and,

nmore particularly, with threaded fasteners having a driver engageable
recess in thelf.ast Eaeldheddthedbarentiatuch a drive system shoul d be easily
manuf actured, both as to recess and head geonetry as well as to associ ated

tooling for faupodq e d astenerahead and fidaess fgeopgadiyig dheer ecess.

The strength of thé hea e tastener shoul e adversely aff ect ed
by the recess.systeasdrifier shbukddbé edsisktgnensert diglods nt boand téagicl y

w thdrawn fromth rgcess. Eﬂﬁ grhversa Orrec%§§ .whe%D nmat ed shouhd
distribute th_é"a?f‘l%&g U GadMHhi PEFIFYS 1 6 “Fav PR Y Pl PERUST 1Y gty
| ocal i zed regifaRsetbrst r essoré hapeni ghtarBsuthisn agelocartiban reflathe recess,
or
to fasteners that employ winged type drivers. In
particular fasteners having a recess that provides
spiral driving surfaces and further wherein said recess
is designed to facilitate engagement 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 1loads. 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withdrawn from the recess.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



1 WD 2006/ 041783 PCT/ US2005/ 035510 driver, or both, leading to premature
failure of the drive system [0003] The drive systen1shou|d resist cam out
of the driver fromthe recess when the fastener is driven. many

appl i cations is very inportant that the fastener nust be capabl e of

i t
mnthstandlﬁﬁjgﬂqgﬂap cycles, as in applications where PREVPHOVER¥s nust be
renmoved in order to repair or replace parts or to renove and replace

access panels. The fastener drive systemideally should be capable of such
repeated cycling, particularly in environnents where the recess may becone

cont am nat ed, dB@bBEEd,oxC%BQHEd l%rad(ihﬁer% Sﬁré%(@lﬁ:?@ )faléhﬁré(?t&ﬁj kReuse. In
such environnents, it is essential at the drive system maintain driving

engagenent whﬂreveapﬁsyemg torque in a renoval direction. It nmay be
necessary for the drive systemto be capable of applying even higher |evels

of torque V\/neggrblﬁ Vi t §§; ‘f,gsi;sgggem Ear§o PESYLy wWhen & gvec?':\%t eper is

over -t or qued initial ass ere corrosion ps at the
i nterface, atdtheeenga@mdUhm%xxtesanwhéntthﬁrﬁast@nérngs dfitvéae. agsenbl ed

conponents has placed increased str on_the fastener. \Wiere one. or nore
of these, andmggﬁerapp ﬁgﬁgé?ﬁ?isths Aly ﬁ?ﬁgenmeBHgﬁPanggaﬁsigg?ations,
conprom ses offagRenkR hayerbef capgbberofayi fies tlEng QRA4AraA aeilesy of

recess and driver, configurations are 1in common use, including a number of

Cross-recesseds i\ APRIS GAHISESISNSTD NS nfAF N ™Rt b2 FPAOVSHith et
al.); US Paty No.gedh 284, 2@Pal MignRchi-§gride apgrtk Sor REY - r&fﬁev@ 444, 994

(Tomalis). Oher fastener geonetries
replace access panels. The fastener drive system ideally

should be capable of such repeated cycling, particularly
in environments where the Iecess may become
contaminated, painted, corroded or otherwise adversely
affected in use. In such environments, it 1is essential
that the drive system maintain driving engagement while
applving 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 use, including a number of cross-recesses,
such as those described in U.S. Pat. No. 24,878 (Smith
et al.); U.8. 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 nclude mul ti-1obe geonetries of the type described in U S Pat. No.
3,763,725 (Reiland) and ribbed drive 2 W) 2006/041783 PCT/ US2005/ 035510
systens as described in U S. Pat. No. 4,187,892 (Simmons) . Al so anong the
common recess configurations is the Allen systemwhich is essentially a
strai ght W0 PWEH0HEagonal | y shaped socket receptive toPE&T/USRWPIFI0y shaped
driver. [0005] Wth the exception of the ribbed systens, the walls and
faces of the driver and recess typically are designed to fit closely with
each other in an effort to achieve face-to-face contact of the driving and

driven surfaces, Wth cross-rec faste r such fage-to-f gagenent
can occur onl §YSFF™Et 3F C%?é:ﬁl?)ﬁg dritver % %’ber?ﬁ al i 6nggeaﬁggseat ed
within the regessmoAs) a Alll’s@Ctanfﬂg e d eéomlh@r\i\/e‘.téhessn condegut-atesabl e the
driver to be |nserted into the recess,_ there necessarily nust be sonme

cl earance bet wEentRie A46n [VOVEH™ TWeiRkC ek E§seBELlalEn @ edlfaAéehEs even
nore critica I Ngg s an vertkea dri Ils, as
in the Reil ang W:}%g pat ent ang XI I en}%g"lead %?/ésl}%%%/m %E 5 }ngf t o:s\é\'gsystems
the practical simé3aklyoshaped nbcieswi.ty for such cl ear ance i s that
substantial face-to-face, broad area contact between the driver and recess
surfaces is s ve i f J t Ve

t hr eaded fast hgragh %ﬂ't% Elh(%/ere:‘:z& ggb%}vl tq\gtﬁkelgtr)%gssd f%ééﬁ adt:Hé

manner that wellkt andn faoast off theedcivdmcand atbeess happiaablytaréace

r r h r f n [ 1 n [ 1
Feggdtﬁaﬁafﬁf %ggégegoepggé%aclgsg megg éggﬁ otﬂgécgn Zn f%oggta tially

achieve face-to-face contact of the driving and driven

surfaces. With cross-recess fasteners, such face-to-face
engagement can occur only, if at all, when the driver is
properly aligned and seated within the recess. 2As a
practical matter, however, in order to enable the driver
to be inserted 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 wvertical
drive walls, as in the Reiland '725 patent and Allen
head systems. In all of these systems, the practical
result of the necessity for such clearance is that
substantial face-to-face, broad area contact between the
driver and recess surfaces is seldom échieved, if at
all. wWwith 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 torgue 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



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 1localized stresses. Such |ocalized high stress can 3 WD
2006/ 041783 PCT/ US2005/ 035510 plastically deformthe recess, form ng ranps

or other YOS resulting in premature, unintendBET/V88ENGE ement of

the driver fromthe recess. [0007] The foregoing difficulties have been
recognized in the art. For exanple, U S. Pat. No. 2,248,695 (Bradshaw)
di scl oses a screw head and driver arrangenent in which the driving and

driven faces e jver f.asten es j vel e r nd
| ocat ed ecceﬁ??%gﬁ ?gimﬁgﬁ%gggpé%%at%ﬁ%%&ghcgggﬁ%%§s¥apﬁgtﬁgy é?ggghaw
fastener, anydeSutrhablencurvatguetisgch s cbrembhaonrer | ognipieadedny be

used as long as it is oriented to hind or |lock together by frictional
engagenent . NItRPPARTERE 1 F§H§ﬁﬁﬁw§rt L0Hi hgS, T¥CRH- fastener drive

systens, as those referred to above, do not appear to have adopted the

Bradshaw t eachoog7pf Theel oy rdcf fionRalc ieRgagerenbeet 0088bgAi dedve
system for maxi m zing the engageable surface area between the driver and
recess i s deséRi bEBe | ATb: S. PPt epfam®ie 5, 357 -645atwhi ER i s2cdffiohPY owned

with the SUbj?BEaﬁgﬂé&F 108 odde 41 SO RP HB Plarld @ir 11840 aR2hBBEmESL

incorporated in this application by reference. The recess and driver of the
1645 patent ais wbonbt thet ddiwiiny spérdriyegohécgurefl thgagrigesuahdces.

[ 0009] The adyantages of the invention described in_.the 645 nt are
achi oved by cORPFGURERg (HECRITY A in Yo cbxvda "CankD4%1B8LE0

eccentrically with respect to the screw axis. In the
Bradshaw fastener, any "suitable curvature" such as
circular or log spiral may be used as long as it is
oriented to bind or 1lock together by Zfrictional
engagement. Notwithstanding Bradshaw's teachings, 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.8. Patent No. 5,957,645, which is commonly owned
with the subject application. The disclosure of the
‘645 patent i1s incorporated in 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 between the driver
and the recess during insertion and removal of the

driver but in which the fully seated driver is permitted



driven surfaces of the driver and fastener, respectively, to confor
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the fastener hkgadeand e¥881ﬂ§5tﬁ:!ﬂﬁhl oniefle, if any, reliance on

frictional, near-tangential engagement.

[00010] While each of the multiple lobed drive systems
have some gimilarities and differences, it 1is common
among them that, as the engagement of the recess and
driver is optimized, the insertion of the driver becomes
more problematic. Relatively precise alignment between
the driver and 1lobes is required in order to obtain
quick, 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. 1In 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

ure of
i on of



the fastener. There are several solutions to this prob
[00011] U.S. Patent Nos. 2,77,353, 3,253,625, and 3,62
variety early insertion enhancing recess configuration
specific driver designs. Mire recently U S. Patent No.
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SUMMARY OF THE INVENTION

directions of

[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 constructed having four radially inward protruding
lobes 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



to fall into the recess in an engaged manner. The ranp surface is
constructed with both renoval and installation ranp portions. The renoval
ranp portion extends froman apex to a trailing edge in a sector of
predeterm ned circunference. Renoval ranp portion is fornmed to decline at a
compound an¥P &%EHERal |y downward, radially inward t owBFGASHREIRI0s of t he
fastener and generally downward in the renoval direction. An installation
ranp portion extends fromthe apex of the ranp surface to its |eading edge
in a sector 6 WD 2006/041783 PCT/ US2005/ 035510 |IL of another predeterm ned

circunference. The installatiqon_ ra orti is formpd to decl. at a
conpound angl eOf gaerf'f)e 4 )Prc? F“&nngdgéfcwﬁg%ﬂ%l?%e‘t gﬁ%e? as” a}callz?%ﬁsonof t he
fastener and gengs abbytiwnyar doirfleihe o nidalimt i N adidoegiouad. dH¥@14] In
this manner a fastener recess is provided that . may be nanufacturedfusing

famliar techf¥RE®dnd dHatandhctadialk'es THipIgbnet T4 bbtR £ ©
instal lation and #emualy Aot 1BR &R ESERIRT QN O JHE IRRAWNGS
[00015] The fastener of this invention’is explained in nore detail bel ow
with referencedineatienacconpanying drawing, in which: [00016] Figure 1 is
perspective view of a flat head screw having a spirally configured recess;
[00017] Fi gur & godsa 116! O3fs SREMANY detngl Boblal Deaghosfisy diaring 2
ranped | obe sufrtface "according to this i'nvention;

may be manufactured using familiar techniques and that

facilitates engagement in both the installation and

removal directions.
BRIEF DESCRIPTION OF THE DRAWINGS

[00015] The fastener of this invention is explained 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 1s 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;



[00018] Figure 3 is a perspective sectional view of a fastener having the
engagenent ranp of this invention; [00019] Figure 4 is a perspective view
of a punch for use in naking the recess of figure 2; [00020] Figure 5is a
top view of the punch of figure 4; [00021] Figure 6 is a side sectional

vi ew of thé’vﬁﬁﬁ‘?{’éﬁ‘”&?f’ figure 4 taken along the secti ons PCTAB300§0SHY fi gure
5, 7 WO 2006/ 041783 PCT/ US2005/ 035510 [00022] Figures 7a-7e illustrate the
steps in the construction of a punch for use in formng the recess of this
i nvention; and [00023] Figures 8a-8b illustrate the cold form ng of the

recess of this.j tion utilizi t he, punch .of fji.gure DETAI L

DESCR! PTI on o Sl ZdErEmre ey NEf\ﬁfﬁntra[’if‘ooz CFi GE% ST uBeat es an
exenpl ary t hr eaggdrucdsbanef i0phAvhngor sdankn 12omiidy titeeadscké fodr med at
one end and a head ;16 with a recess 18 fornmed at the other end. The head 16
may be formed Sa IRYSREAPRONATY t wo- bl ow header machine in which the end of
the wwire or other material fromwhich the fastener is nmade is supported in

a die of the headers)Reiing ayl gl silheadraeed the ideactreemibr o Wneh a
punch that partially fornms the head, and then with a finishing punch that
fini shes the tpeassamf forhe ineedtiorr vbhbbeiad| Bhe epussh pdodisurehe
recess 18 is iJlustrated as having a central portion 20 and a plurality of
radially outwardly extending wings 22. The recess in the enbodi nent of
Figure 1 is fornmed so that each of its wings 22 has an installation wall 24
(assum ng a ri ghEFTARGED DPESERTPTIYON OF THE PREFERRED EMBODIMENT (S)

[00024] Figure 1 illustrates an exemplary threaded
fastener 10 having a shank 12 with threads 14 formed at
one end and a head 16 with a recess 18 formed at 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 i1ts 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



and a renoval wall 26. The installation wall 24 and renoval wall 26
preferably are formed to be substantially vertical, defining or closely
approximating a cylindrical surface parallel to the |[|ongitudinal axis of
the screw. _The bottom of the recess nay be defined by a conical bottom wall

28. The radf&t®04418t er end of each wing may be cont our BETUS2BYE e a
snmoot hly curved transition 30 between the installation 8 WO 2006/ 041783

PCT/ US2005/ 035510 wall 24 and renoval wall 26 of the wing. The recess al so
i ncludes an inner transition wall 32 between the installation wall 24 of

one w ng 22 and, r%?v |1 e.next . adj t.,.u .« 00026]
It should be undg]%f 00 t‘ﬁ%ﬂow%hlevﬁaﬁge%%i (E))E ﬁgg %éﬁgiﬁgggpgér%%%dz%lns% hr eaded
fasteners in meluieyararet yimier confampiratdaronswalic| Bl ngoeteesssestlgeneral |y

of the cruciformitype and o] havi ng nore | ess_than four, w.ngs as
shown. Alt houb‘ﬁslfq?ey%fﬁi%é‘fa Hnégntol%oﬁmgsmﬂgsgéi B’%‘g BE nT PR S en aeﬂt 0 a
spiral type engagenEid nexthiagjabwant wongnzy. be equal ly effective in recesses
havi ng ot her engagenent schenmes. [00027] The fastener of this invention is

generally simlar to that shown in figure 1, but_ingludes, the

modi fi cati ons[SR4F! LR Fheute be vndex 5@8\Vetpﬁeln’f’§’§'€%ﬁ’%rm"‘!@0k1€ﬁ this
application i s designatd oin fagiddddd erddi@naRgerit o) Wiad ofAtidig, Rower

driven tools intp t he recess 18. The recess 18 of the fastener 10 of this
invention is tesfigheiidns t Heglagiinghalradesgest adreratidachedf figige 2 and

|0 the perspecliyPedlPtile Lh'tRode HRIAGCHoIE GRMIdsAPSHIEA%I G and
wings as shown. Although the subject invention is
described with reference to a spiral type engagement,
this inventicon may be equally effective in recesses

having other engagement schemes.

[00027] 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 1s 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 recegss 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 inteo the

counterbore 2.



Head 16 is constructed with a recess 18 fornmed in upper surface 7 of the
head 16. Recess 18 is constructed, for exanple, having four radially inward
protruding | obes 3 that define the wings 22 of the recess. [00028] in the
fastener of this invention |obes 3 are fornmed in a counterbore 2 in upper
surface 7 JHA2W0Hn upper surface 8 that is depresse@CHUSRMEANEW d into
the counterbore 2. 9 WO 2006/ 041783 PCT/ US2005/ 035510 [00029] Each ranp
surface 1 is simlarly formed in the recessed upper surface 8 of the |obes
3, as shown in figures 2 and 3, and is constructed with an ranp 1 that

ext ends over of approxi 00. The.ra 1 _and the counterbore
2 cause a spiﬁﬂﬁﬁgégEFc@ %%H Tt ac i %éc&&?llﬁngx éﬁﬁgﬁgdlﬁhnﬁ% The
ranp 1 of | obgecsgséacepdelrs fitideucs edf Withle biaddes eppvak afibwr Nbh al lation

ranp portions 5 and 6 _respectively. (00030] Renpval ranp portion 5 extends
fromthe apexf996¥esr%nﬁn@ fo PPQlPFnQOBEBEuQHequg%H@ 3 cf ¥R wt sEl®bt at i on
40 of figure éx%énﬁ r8v chg fBE”?ﬂ §8§£8§t&i Ghd CUNyel epge, x; Renova
ranp portion orne to ec ne BTE angle generai downwar d,
radially inwand theacdantbBebéxés2otaishe éaspmein@mdugeﬁ@r 841y iffesnward in
t he renoval d|rectlonS%counterclockmnse direction 41 in flg%ﬂ? ig at an
angl e A as shBfnLeTeSEi git €22, SRAFPRIAMGIPE be | TE hE3FEnde ')

[00031] Instakl,akhes 3P POrt LEAsBrExXt&NASwi ERM tRRTAPSXend/af T 2AB 1 to

| eadi ng edge 15 (using a clockwi se rotation 40 of figure 1 as a reference)
to form a sectipstablaklerundnr awdipns| Asend| bt Fespeaiaveloftion 6 is

[00030] Removal ramp portion 5 extends from the apex 9 of
ramp 1 to trailing edge 11 (using a clockwise rotation
40 of figure 1 as a reference) to form a sector of
circumference x. Removal ramp portion 5 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 (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 1leading edge 15 ({(using a clockwise
rotation 40 of figure 1 as a reference) to form a sector
of circumference vy. Installation ramp portion 6 1is
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°.

[C0032] 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
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formed to decline at a conmpound angle also generally downward, radially
inward towards the axis of the fastener and generally dowward in the
installation direction (clockw se direction 40) at an angle B, as shown in
figure 2. Angle Bwill be in the range of 2 to 6. (00032] In the enbodi ment

of figure VORI tion 6 extends for a sector of suBSTAREIEIH060 and
ranp 5 extends for a sector jof substantially 30. This will 10 WO

2006/ 041783 PCT/ US2005/ 035510 change according to the number of | obes, but
in general the relative size of the ranp portions will be roughly 2 to 1

for ease of ”%'Mag‘ét ‘é%%orh@gg?’%l; CRUNLarRare 2 ;EB' Stsplp he opaagement of
the driver by accel erating the engagenent of "t he ari ver as it approaches
the ranp 1. Caiuet erlbodiee2sigecofistheictag @mirtadansniwilh deptdoudhigt 2t he apex
9 of ranp 1, whi ﬁrh wi |l var derglﬁga?in on the size of the fastener, for
exanpl e, . 00449 fch8E FBFCaCF A3 ¢ ‘ng a recess size MI-1. The ranp
portion 6 declines at angle B from the apex 9 in the installation direction

to a depth di.[o0bB8]rcmmtboren 5 deslitesiat targl éndudgdmdrite s£maunal
direction to a depth_d2. [00034] A punch 50 is shown in figures 4-6 and is
constructed f&¥iyes My @ALIFARIAY thhe rgegement (s thevertiveh Rfito a

fast ener bl anl&tbxéggg_,\%a?hgﬁogﬂgeg%ﬁ# gh. PESESEL ddla meld Wo- RBRer .

Punch 50 is forne es 5 or formng the wings 22 of the fastener
10 shown in fiadurasminamen 3depbhed, 52textlendapesx war b framp sy f abash53 t hat

are construct %rqltlo Ja?fym &QSending on the size of the fastener, for

example, .0044 inches for a fastener having a recess
size MT-1. The ramp portion 6 declines at angle B from
the apex 9 in the installation direction to a depth d;.
The ramp portion 5 declines at angle A in the removal

direction to a depth d;.

[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 bore 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. Portion 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



counter bore 2 of fastener 10. Surfaces 53 are contoured as a mrror inage
of the ranp portions 5 and 6 to formthe ranp 1 of fastener 10. [00035] To
acconplish this, surfaces 53 are constructed wth portion 55 extending from
t he apex 59 of surface 53 to tip 61 of the adjacent |obe 52, in the

clockwi se WRIBE4IBH in figure 5, to forma sector of cPFEUR0BHENEE X
Portion 55 is fornmed to incline at a conpound angle generally upward,
radially inward towards the axis of the punch and generally upward towards
tip 61 at angle 11 WD 2006/ 041783 PCT/ US2005/ 035510 A, as shown in figure

2. Angle A w be in the.,range _of .1 tq_ 2. [Q0036], I,n addifion_a portion 56
extends from heaﬁpégogﬁ o r%gg}lf"ﬁcg 539’\'1(91% qt}f e réd#}é%en? &i)be in
the countercleckaise odirection of figure 5 to forma sector

circunference y. Portion 56 is forned to incline at a corrpound angl e

generally upward radially inward towards the axis of the punch and
general ly upvv&ﬂloiiﬁ)!/v@;mdgdtillploﬁzaaE’OJanhQGe exgtendsshven thef #Re¥xed2. Angle

Bwll be t 8_rggod r ortion
56 extends foP asé‘léfc Qiff star?tl a Ig%G dég% ?Ig'{)nﬁégge%nen%gf or a
sector of subebaﬁteﬁd:lwlaﬁse Thirseaniilon @farfjeruaec & ohmgfcbmt@eseutrdmer of

| obes, but in general the relative size of .the ra B%rtioys will

be
r oughl y 2to % £f 5 TeRRECTANG RN FAET PB0ASTIOBRRZh B0 TE LORsTY Rt ed, as

shown in fi QUF:@ﬁpg{ihd7Sng@@dgé§ei'£@ﬂyuﬁﬁﬂaf& Eﬂﬁﬂaiw M hPerd asbeaeds 10 in a
wel I known manner as shown in figures 8a and 8b. 00038(1 To construct punch
50, a wire EDWh8péxasi of ithe punch and generally upward towards tip

62 at an angle B, as shown in figure 2. Angle B will be
in the range of 2° to 6°. In the embodiment 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 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
7Ja-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 ensuré 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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used to construct a die or hob 70, as shown in figure 7a-7e, for cold
formng a punch fromwhich the recess of fastener 10 can be nmade. The hob
70 is constructed from a blank 71 of steel bar stock, for exanple, one inch

| ong by one_inch in dianmeter, that is centerless ground to a tolerance of
one inch +Y88¥F413%00. The ends of the blank need to BETHEPMSPISFINg
square to the outside dianeter. C ose 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 dianeter |ess than the root dianeter

of recess 18. [éagy\ﬂ |?I21 6/ f’u;‘lrll%??’f?%ﬁy{?ﬁ‘qgél %35.3&i1510é2938la5[i3e 7@5:\}% <t ure

di mensi oned an b 7 en positioned 1n a wre
with the w rethensqrdsidicmedugint ke bire ERM Thectwiree EDWhi sheprwgranmed to

cut out a bl ock of terjal to farma die vity 73 in the s e of the
spi ral recesslfé?rﬁggsh ough f&b%r Zb%".’e Tof%chi ev_h? hewbﬁ?tigﬁg 55%and 56
on each | obepirBghamedd St aht EBM pPaOBEoSR 65 maedined téthothea gostours of
surfaces 53, as shown in figure 7c. Surfaces 81, 82,83 and 84 are machi ned

onto probe 80CaVALYoYYetnt hobtkane tafe theywiaalsrgsesporl 8y hasr ahpwn
surf aces, the'é“‘fﬁgﬁ?é §1- 84‘0aé€hﬁﬁ9g' ead ?Er?%’@é’“@ af@966Soff e-gnd 15
i ] Ing p , n fi d, a B

degrees. [000 r obe 8 as shown gure count erbore 74
havi ng ranp supbacés Phnghd 506 em &dh prale Fanidembonimeld Wiehchhety 73 of

hob 70 is then onplete-with_the sha of _the_recess,18 of fasteper 10, as
shown in fi gqunggaPns-lobO;O ?gr{f?ﬁ%ﬁs usgg’toaér'rak%ﬁo‘f)‘ﬁncﬁn50%B§u%§e52§hg.
Fastener 10 caarlpecerdel py2 88 dand 84 are machined onto probe 80. In
order to obtain the required shape for the ramp
surfaces, the surfaces 81-84 are machined at compound

angles of 9 and 15 degrees.

[00040] Using probe 80, as shown in figure 74, a
counterbore 74 having ramp surfaces 75 and 76 on each
lobe can be formed. Die cavity 73 of hob 70 is then
comnplete 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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formng a blank using the punch 50 as shown in figures 8a and 8b. [00041]
Wil e the invention has been described with reference to specific

enbodi ments, the description of the specific enbodinents is illustrative
only and is not to be construed as Iimting the scope of the invention.
Various other nodifications and changes may occur to those skilled in the
art without departing fromthe spirit and scope of the invention, as
defined by the clainms. 13 Clainms 1. Arecess formed in the top surface of
the head of a fastener, said recess conprising: multiple radially inward
ext endi ngCleobes t hat define spirally configured driving surfaces, said
driving surfaces extending substantially axially, fromoutward facing top
surfaces bf the teodsesfotravdirinsthe hep bmtfhaamobfthd head edes Fastart,dsadd i recesy
surfaces constructed for engagenent with a mating drive tool for rotating
sai d fast€WEF'SIN§ i nstall ati on and renoval directions about a |ongitudina

axi's, sl fluBRengiall] Wb exCRIRE IHe0Shar BeRBIANS blrlghreMdrvifl bitfbes, axi al |y

al i gned, counterbore constructed In an upper face astener head
wher ei n t $ead drintingsutfatescdxtepdingpubuarftiatiy axially, $mimdoutwhitdi pl e | obes are recessed

t her ei n; non-drivin urfac nstruct on each. pf, .sai d ltiple

| obes on PREE ucuke PLATR R AR 0 Ftony pr e 8o ol Puvine ™S 1 aces
further cesBiriciéd @i edAgéhisdt Hithad hQfhg BIVE ta Fdrireiatifx§Lmdi ng radial Iy inward
and circunferenti al lﬁ Inthe installation direction froman apex of said

ranp sur f Bglenervietngiatation and premeiial diregtions abput pdergiwdingbekisnsad fieesss t he apex

at a conp %grdr_% &in oth radially and circunferentially; and a renoval ranp
portion extending ra@ially inward and circunferentially in the renoval

direction from titstaarislty oflirdeical, aaally aligdedC eounvdileoreiconsaicttdrianmvaiper anp
portion surface of the fastener head wherein the outward facing top surfaces of said multiple
lobes are recessed therein;
a non-driving ramp surface constructed on each of said multiple lobes on the
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; and
further wherein said installation ramp portion and said removal ramp portion are adapted

to urge a rotating drive tool into mating engagement with the drive surfaces in either the

installation or removal directions.

2. A recess for a fastener, according to claim 1, wherein said installation ramp
portion forms a sector of said counterbore extending in a first predetermined
circumference and said removal ramp portion forms a sector of said counterbore
extending in a second predetermined circumference and wherein said first sector

circumference  is  greater than  said second  sector  circumference.
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declines fromthe apex at a conpound angle both radially and
circunferentially; and further wherein said installation ranp portion and
said renoval ranp portion are adapted to urge a rotating drive tool into
mati ng engagenent with the drive surfaces in either the installation or
renoval directions. 2. A recess for a fastener, according to claim1,
wherein said installation ranp portion fornms a sector of said counterbore
extending in a first predeterm ned circunference and said renoval ranp
portion forns a sector of said counterbore extending in a second

pr edet er nBned A&ireeasnfoeadagencandcatimgeo nlaia2dwhencsit the eatioosf said firstuswetor ence i s
greater than said second . sector circum‘eren{;e. 14 3. A recess for a

ast ener , CHUBURENGE 10 S} FOANd WARSHRS] (FTEWBISFREF o i%of SETPRIAY & Bedt or
circunfergncesat Qca@i GorS AC PRENSLCIRbrdfg ¢YdIBRE C ewh&eURSH AR adebtyr 2 1O 1.
4. A recess for a fastener, according to claim2, wherein said first sector
ci rcunf er einnfersn@0 and @Ri daskconil seetawd ciectarnt eiremferenge 30is  30°. A recess

o Roe S BRSO L PO R

fastener, Jagiaey di ng diRulfabitially Wherain saigd predgfegésininel angl eargke. in the
range of 2 to 6. 7. Arecess tor a fastener, according to claim1, wherein
the renovl raffgesssy for grfastensel deprdingite elaim &y wherpia) said predeterpriradeanglerit ned

angle. 8;, A recesg.for a fagtgner, accgrding toyclaim?7, wherein gaid
predetermned angle is int range of 1 to 2. 15
7. A recess for a fastener, according to claim 1, wherein the removal ramp portion
declines circumferentially at a predetermined angle.
8. A recess for a fastener, according to claim 7, wherein said predetermined angle is

in the range of 1° to 2°,
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