SPI RAL DRI VE FASTENER W TH ENGAGEMENT RAMP BACKGROUND OF THE | NVENTI ON 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 torque to such fasteners. Mire specifically this application
relates to fasteners that enploy w nged type drivers. In particular
fasteners having a recess that provides spiral driving surfaces and further
wherein said recess is designed to facilitate engagenent of a rotating
driver. 2. Brief Description of Related Developnents [ 0002] Threaded
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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 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withdrawn from the recess.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



1 driver, or both, leading to premature failure of the drive system [0003]
The drive system should resist camout of the driver fromthe recess when
the fastener is driven. In nany applications, it is very inportant that the
fastener nust be capable of w thstanding several cycles, as in applications
where the fasteners nust be renoved in order to repair or replace parts or
to renove and replace access panels. The fastener drive systemideally
shoul d be capabl e of such repeated cycling, particularly in environnments
where the recess nay becone contam nated, painted, corroded or otherw se
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replace access panels. The fastener drive system ideally

should be capable of such repeated cycling, particularly
in environments where the recess may become
contaminated, painted, corroded or otherwise adversely
affected in use. In such environments, it is essential
that the drive system maintain driving engagement while
applying torgque 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 1s 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 dompeting 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.S. Pat. No. 3,237,506 (Muenchinger) and U.S.
Pat. No. 2,474,994 (Tomalig). Other fastener geometries
include multi-lobe geometries of the type described in

U.8, Pat. No. 3,763,725 (Reiland} and ribbed drive



i nclude multi-|obe geonetries of the type described in U S. Pat. No.
3,763,725 (Reiland) and ribbed drive 2 systens as described in U S. Pat.
No. 4,187,892 (Simmons) . Al so anong the conmon recess configurations is
the Allen systemwhich is essentially a straight walled hexagonally shaped
socket receptive to a simlarly 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-recess
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driver is pr&ﬁgFF?Salﬁﬁneéﬁgﬁ:lgggfedlhﬁﬁﬁﬂ%‘thgaFéceégf Aé'ggap%ggtical

matter, howeversimnBngl denlise enmile the domMen rieeebs idwefilgadtaitibast he
recess, there necessarily must be somne_cl earance between the twg. gOOOG]
The necessi ty ifor tRecRIdeBar BREECT s YEVER b e SSSERELEALYWi? h SEEEE§8Es havi ng

substanti al | y wentical pexd19g) | Ssndised N bBexBei | axdepfigepatient and Allen
head systens. In all of these systens, the practical result of the
necessity for ssmihaclrashapedidriven. substantial face-to-face, broad area
contact between the driver and recess surfaces is seldomachieved, if at

fhe recess i n 000l e At Fhs s ST o ST RS S b e A Bt act

rather than faeélst erfdacEadesoadf atlee dointect andheeaetsalktypiealdy eornt act

typically is %ﬂ%ﬁ%%%&i%B'%iEe% o%g 9 &% Eg%ﬁ'%ghg%cgn an effort to
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. As 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 1is even more
critical with recesses having substantially vertical
drive walls, as in the Reiland '725 patent and 2Allen
head systems. In all of these systems, the practical
result of the necessity for such clearance ig that
substantial face-to-face, broad area contact between the
driver and recess surfaces is seldom échievedq if at
all. With 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
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premature, unintended disengagenent of the driver fromthe

] The foregoing difficulties have been recognized in the art.
U S. Pat. No. 2,248,695 (Bradshaw) discloses a screw head and
enment in which the driving and driven faces of the driver and
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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 1is
oriented to bind or lock together by frictiocnal
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.S. Patent No. 5,957,645, which is commonly owned
with the subject application. The disclosure of the
‘645 patent is 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 c¢learance 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 conformto a
segnent of a spiral and, particularly, in a spiral configuration that
enabl es a substantial and generous clearance between the driver and the
recess during insertion and renoval of the driver but in which the fully
seated driver is perimtted 4 to rotate to take up that clearance. The
spiral configurations of the drive walls of the driver and the
driver-engageable walls of the recess are such that when the spiral walls
engage, they do so over arelatively broad area thereby applying and
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frictional, near-tangential engagement.

[00010] While each of the multiple lobed drive systems
have some similarities and differences, it is 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 lobes is 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 1is 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



the fastener. There are several solutions to this problemin 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. Mre recently U S. Patent No. 5,171,117 issued to
Seidl in 1992 and describes a guide surface 27 for adaptation to a

mul til obul ar recess. The guide surface 5 of this system extends over the
upper surface of a |lobe and gradually slopes downward in the direction of
installation of the fastener. This configuration is difficult to
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a spinning blturface on the 1lobe of a recess that 1is easily
manufactured and provides ramps in both directions of

fastener rotation.
SUMMARY OF THE INVENTION

[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 formed to decline at a
conpound angl e generally downward, radially inward towards the axis of the
fastener and generally dowward in the renoval direction. An installation
ranp portion extends fromthe apex of the ranp surface to its |eading edge
in a sector 6 of another predeterm ned circunference. The installation

ramp portion igfI%;mg@gasé &%eé}%@gdacqgggﬂfgge%g! eThgeﬂﬁgﬁiyyaﬁ%wwd
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explained in nore detail belowwith reference to the acconpanying draw ng,
in which: [000dB]edifft-e 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 Sgﬁ@?!ilfihnghﬁs r AL | D08 HENRC e BEEON U5 NPrbPi ddd Sthat
[ 00018 I f a
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may be manufactured using familiar technigues 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 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;



fast ener having the engagenent ranp 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; 7 [00022] Figures 7a-7e illustrate the steps in the
construction of a punch for use in formng the recess of this invention;
and [00023] Figures 8a-8b illustrate the cold formng of the recess of this
invention utilizing the punch of figure DETAI LED DESCRI PTI ON OF THE

7.
PREFERRED EMB () 00024] Fiqug ' tr S enplar hr eaded
fastener 10 hgﬂdr\ég@% g%%lﬁeslz%vétﬁéth%gja%%&lll%légor?rﬂe% a?gegﬁenglﬁld é{t_’rl? a head
16 with a recessmstiucaiondo&t at bancht ber ese. i hfoheady hemedessf @fnmed in a
conventional two-hl ow header chine in which the end of the wire or other
material fromWhiScHAVREItFS8i eBY is made is supported in a die of the
header machine and its head end is inpacted, first with a punch that

partially fornmogayg Pepekednghidien Middtratll Rihehiddd dpweshingato ff itheshes

the head and forms the driver-engageabl e recess. LOOOZS] The recess 18 is

il lustrated asraf@fisneh bt r anvepbien oRt2bi 2iRE athe uPaPrRy 0bf Figyrsl |y
outwardly extending wings 22. The recess in the enbodiment of Figure 1 is
formed so that each of its wings 22 has an installation wall 24 (assum ng a

ri ght-handed thread 14) and a renoval wall 26. The installation wall 24 and
DETAILED DESCRIPTION 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 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



removal wall 26 preferably are forned to be substantially vertical
defining or closely approximating a cylindrical surface parallel to the

| ongi tudinal axis of the screw. The bottomof the recess may be defined by
a conical bottomwall 28. The radially outer end of each wing may be
contoured to provide a smoothly curved transition 30 between the
installation 8 wall 24 and renoval wall 26 of the wng. The recess al so
includes an inner transition wall 32 between the installation wall 24 of

one wing 22 and the renoval wall 26 of the next adjacent w ng 22. [00026]
{Lohout d be e 9hoglal aholde LLNeTd Uk e Blnd NEREPRLALED hicbh eaded
fasteners in a wde varie confligurati ons i udlng recesses Qgeneral ly

of the cru0|ﬁncmuﬁg9e and thoee havangiuvboe owalbssBEhahetween wkhgs as
shown. Although thﬁ113 ect ' %ﬁgéﬁ?n IS des;rlgﬁgl th reference io a
spiral type engg§@ ﬂFl 20 eFF@8Y? e¥fhlrecesses
havi ng ot her eggageprat nsehe ®racdit09AAly 2he fastener of this invention is
generally simlar to that shown in figure 1, but includes the

nodi fications shown in figure 2. As _stated_above the  fastener 10 of this
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invention is best shown Iin the sectional view of e attached filgure 2 and
in the per specpnﬁegurem@ms f igoledBig Faseeessesl0 gemprasles hefid tBeand

shank 12. He% u%?féa:?m(:%%g lé%tde%h\gsteh h%vri%%e§r§or]e8 lerfggsighéﬂgpﬁgur
wings as shown. Although the subject invention is
described with reference to a spiral type engagement,
this invention may be equally effective in recesses

having other engagement schemes.

[00027]) The fastener of this invention is 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 locbes 3

that define the wings 22 of the recess.

[00028] In the fastener of this invention lokes 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.



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 forned in a
counterbore 2 in upper surface 7 and have an wupper surface 8 that is
depressed a distance d into the counterbore 2. 9 [00029] Each ranp surface
lis simlarly forned 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 extends
over a sector of approximately 900. The ranp 1 and the counterbore 2 cause

a spinning bi ) into the recess,in_an. r.. :[he np 1 of
| obe surface&gbﬁggﬁg%§%%Lﬁﬁ%ﬁj%&?f?%ﬁn% %gngvgﬁgg%gg ﬁﬁgﬁgplég?o%ﬁganp
portions 5 angebet€s@etipbeel \wudfR@@30 &emaval IYdabgs PRyt agn shoewi ehds from

the apex 9 of . ranp 1 to trailigg edge 11 usigg a, ¢l ockw se rft tion 40 of
figure 1 as aft@FEPEnEefNto’f oPRfalSeEPBFtORCTRY r'étint e?RnEd . Yal ramp
portion 5 is t egli C [ er 98&9 rd,
radially inm%%ggﬁgaaggggt%esggfggogft%gB?gg'e%ggigng@Gengbg¥ly dggnmard in
t he renoval dendcthencoontetrkocéoZkubsee di spthnimg 4Ait ntdi Gare inptat an

angle A, as shown in figure 2. Angle.,Aw ||l be in the_range o to 2.
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to forma sector of circunference y. Installation ranp portion 6 is formed
to decline atiastahpabihen o RAEEgenér anflyé respectively.

[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 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
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downward, radially inward towards the axis of the fastener and generally
downward 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 60. [00032]
In the enbodi nent of figure 2, ranp portion 6 extends for a sector of
substantially 60 and ranp 5 extends for a sector of substantially 30. This
wll 10 change according to the nunber of |obes, but in general the
relative size of the ranp portions will be roughly 2 to 1 for ease of

manuf act ur e. [00033] Counterbore 2 assists in the engagenent of the driver

by accel erati t, of s i f.a e fam 1.
Counter bore gg?s cons% ruct té;tt%é]ﬁﬂln%@r?u\é; dﬁ;ﬂt%ﬂécf' S@Iﬁﬂgpa%%ﬁ&ga ranp
1, which w lthearglaependiingg af tthe semp pbrtheng astiEhebe fmghhp(ampl e,

. 0044 inches for fastener avin g I ecess Size MI-1. The ranp portion 6
declines at ahgl® B% rgiic He "3H3%26 St he installation direction to a
depth dl. The ranp portion 5 declines at angle A in the removal direction

to a depth d2pof@¥BdbuAterbebe5Q isssikewn im thgueagadefiennd dfs the
constructed for use in cold formng the recess of this _invention into a

fastener bl anRrbyeprREsPRECURURFIRY ghheprBgegpeent afndihe oW Tmdther .
Punch 50 is fofngdhrgMdied QBRS ragdf Q. f @ohbeErt Bsrw @g§528oﬂétf£@cé@stener

10 shown in figures 2 and 3. Lobes 52 extend outward from surfaces 53 that
are constructat eorigdimumhademsdund er abotthe? aplexf &t eferamp. 1Sur¥licds 53 are

will wvary depending 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] 2 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 ocutward
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



contoured as a mrror inmage of the ranp portions 5 and 6 to formthe ranp 1
of fastener 10. [00035] To acconplish this, surfaces 53 are constructed

with portion 55 extending fromthe apex 59 of surface 53 to tip 61 of the
adj acent | obe 52, in the clockwise direction in figure 5 to forma sector
of circunference X Portion 55 is fornmed to incline at a conpound angl e
generally upward, radially inward towards the axis of the punch and
generally upward towards tip 61 at angle 11 A, as shown in figure 2. Angle
Awll be inthe range of 1 to 2. [00036] In addition a portion 56 extends

fromthe apex,59, Pfshéyﬁf%ﬁeﬁ%&u}:&? 5P ﬁ%g?é BN%139) geent, | ghe Jaydhe
count ercl ockwi'se direction o rguare’s5 toforma“séctor ~ of circuitterence y.
Portion 56 isgforaed e incline at a conpound angle generally upward
radially inward towards the axis of the punch and generally upward towards
tip 62 at an_angle B, as _shown in figure 2. Angle B wll be in the range
of 2 to 6. InIQ@éb%hEBdﬁﬁéhFlQﬁ 3 iRRIFEOD SOpEFEPBASSEreRt BRYUSARYF 2 sect or

of substantia#kysggfgeg gynﬁ&oqjéﬁtﬁ%tggd%ﬂgﬂ dﬁéggﬁgnlgﬁesggsqgﬁgialIy

30. This will change according to nunber o obes, but in general the
rel ative sizecointdmre:keokwiser tdioshiohl ofbdiguughlSy t2 tform farsecser of

manuf act ur e. 0037] . Punch 50.is constructed s_sh in fi es 7a- Te,
and is then uégdC%f&%ﬁﬁ%f§Qﬁ%n%1u?qﬁgépgn§% 16 ?%r%?gag?|l%%%§%£&§hﬁ%r as
shown in figucesp@mangn@be §8083811Tousenst riwdifinehiStrd vowerdDM
operation is used to construct a_die or hob 70, as shown in fjgure

the axis of the 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
Ta-7e, for cold forming a punch from which the recess of
fastener 10 can be made. The hob 70 is congtructed from
a blank 71 of steel bar stock, for example, one inch
long by one inch in diameter, that i1s centerless ground
to a tolerance of one inch +.0005/-.0000. The ends of
the blank need to be parallel and sguare 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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7a-7e, for cold formng a punch fromwhich the recess of fastener 10 can be
made. The hob 70 is constructed from a blank 71 of steel bar stock, for
exanpl e, 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
parall el and square to the outside dianmeter. Cl 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 dianmeter of recess 18. 12 [00039] The fully dinmensioned and drilled

blank 71 is Ltio in.a wire EDMf|xture wt i T i nserted
through the b pge§gf e ﬁ?&@'EB&P%%SI%?%%lgﬁébd£$%ﬁ%ﬁf %ggngnblocksof
material to foheha ghsdtiodedt yirY3al nwile sbhEpefiofturee wpthalthreecesse 18, as

shown in figure 2. To achieve the portions_ 55 and 56 on,  each__|obe in punch

50, an EDM pr 6B8®BBe¢s HeEAiFed WE h PHe® ctntour sTRE siH¥QcetP®3, 1%s shown

in figure 7c. oroyrimeres 84, 84t Bsudnd Bodk CofMBRit SLTh DNE® P5AREa 8 iel N
order to obtarn the required shape for the ranp surfaces, the surfaces

81- 84 are nachimélyal3 conpoumdshanr|als tdfe $pinallsegegredé8, £60840Y Usi ng
probe 80, as own jn fhgurg .7 o] e 4 havi S ces 75
and 76 on eac%pl ﬁgggpﬁa%'beﬁPogﬁ%ggv 'gﬂ%dé$€§ﬁy§géggﬁ%%97%§r§nt%é%g
conplete withlthe shapenoh 6Giie reecEs kB ofe febt enemadi®inedswstiownheén figure

7e. Hob 70 is then used to nak unch_50 by pressing, Fastener 10 can be
made by col d “PBFRPHY aoﬁlaﬁﬂrgg?%ﬁ tﬁ%’puﬁ h BEowR sh%mni?ﬂu??gu?%s

Surfaces 81,82,83 and 84 are machined onto probe 80. 1In
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 7d, a
counterbore 74 having ramp 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 ghown 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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8a and 8b. [00041] Wile the invention has been described with reference to
speci fic enbodi nents, the description of the specific enbodinents is
illustrative only and is not to be construed as |limting 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 clains. 13 Cains 1. A nethod of naking a
punch for formng a recess in the top surface of the head of a fastener,
said recess having multiple radially inward extending | obes that define
spirally Chon$igured driving surfaces, said driving surfaces extending
substantially axially, from outward facing top surfaces of the | obes
towards the bottom of the recess, said driving surfaces constructed for

engagenment, W t § reth@t dMdaldhig ypuﬁdhqbr fobrhingQtradelss 1 théltdp shffaéeestahe hdad of
installation and renoval directions about a |ongitudinal axis, said method

conpri si ng fasteaer, s3id pecest havingrmltiplegadiglbsingntd extanging lpbsdhat dafine spisally | v
| i gned, def |
he et AR, R BB AP py L LS SBSuRZ O 1 e

rrvin aces of
non-dri vi ngwraahfacmlgrtbpt@erfwas efidie bess@indrdiithd bt lobltlesreoéss saidl dedvieg on

outward facing surfaces_ thereof, said ranp surfaces being recessed . a
pr edet er nFHESSS GEISTYFEh0E CREAGREN HYHL2 B Vg Llor é%étl‘fl%ﬁa“g%ﬁ@“?dﬁp

surfaces {diffiGdn z?rfarmﬁ‘lb%lqgrecﬁfhs aBéﬁt%' Ibﬁ’%ﬂu@lﬁaf 2B AR théthAd Sarhsishgger adi al 1y

inward and circunterentially 1n the lation direction froman apex of
sai d ranpstspydface, wherein said installation ranp portion declines fromthe
apex at a conpeund angl.e erential

ranp portion exXY&ih I?SE?HFQP ?/ya}?]hagl’l’éa’iﬂg' %igﬁlg Ls he i e’ky?f"f nd g : ggz::
di recti ongfultge fobes iAReM tote Haefind MEPNAEEIE 6 @ing WiHGIced @ftﬁéfe@teﬁ%&@b ranp
portion declines fromthe apex at a conpound angle both radially "and
ci rcunf er ent i afnptructing a non-driving ramp surface on each of said multiple lobes of said die
on outward facing surfaces thereof, said ramp surfaces being recessed a predetermined
depth in a counterbore in said bore, 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;
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; and
cold forming the punch by pressing a punch blank into said die.
2. The method according to claim 1, wherein the step of constructing a ramp surface
on each of said multiple 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



wherein said installation ranp portion and said renoval ranp portion are
adapted to urge a rotating drive tool into mating engagenent with the drive
surfaces in either the installation or renoval directions; and cold form ng
t he punch by pressing a punch blank into said die. 2. The nethod according
to claim1, wherein the step of constructing a ranp surface on each of said
mul tiple | obes on outward facing surfaces thereof further conprises the
steps of: constructing a substantially cylindrical w re EDM probe shaped to
fit within the counterbore, said probe having an engagi ng surface;

const r uct iengagingsaurfaes toffofndnie nempeuntaamgkes noft théiingaltatien nmdiremoed] dampes on
said 14 engaging surface to formthe conpound angles of the installation
and renovd@™8%kp portions. 3. The nmethod according to claim2, wherein the

step of canstr ggtimhél ?&B'}cﬁf?g &f clainﬁ’@%%e’ﬁﬁlfe%i@;? of Ugﬁshﬁétir%o%éﬁe%%ﬁ“dt he

step of machining four formng surfaces at a conpound angle of 9 and 15

degr ees. Sominpundires durthesrepmpyisesethessen nf machining four ffamung fsurfives iead of a
fastener, said [ ECess haéilﬁﬁ nultiple radially inward extendi ng | obes that
define spiPRPPYIADEE;of a2 F¥*Hy surfaces, said driving surfaces

ext endi ng 4s ubstaapinchifbifominglrédgss ihttop Bhiee f tiadiead of @ Pastevéd si@receds t he
| obes towards the bottom of the recess, said driving surfaces _constructed

for engagédwEng myltiple gagially Hyvand ieyiendipg lotres that sefipe spjrallyi eonfigured qaivingn
installati i i . agi b Hdl is, said punch
conpri si ngSQH%&g’&ﬁ@ﬁﬂﬁ’g@of “@%%eg%&eﬁgﬁ%%mw%ﬁg’ gﬁfgn |th%éa tip having

| obes ar r dagegtdposurthcasroftthe lahes taldrys therfottgmr efdthel récess) gaid wirivinpesirfasai d punch
head having a firsf diameter at. the shank and flflrther.co riﬁi n‘ge; a

subst ant i &PPSFrugtedi foar§neagement i ith ¢ maPgs dive gk I Fatatig sl fagfeter siBcond

di aneter, ; ' i ; ti6ch; hsgw . the punch
wher ei n, s"zlisﬁﬁlaggtggﬁgm Fglrf‘gl?gﬁ&?zib %{gsl t lgﬁﬁl\ségai{xgs’?????ﬁcdi a tlgfr?lfg' and furt her
wher ei n sai d | elewciphejdecttendingrartwardf fragmasshaok bas ¢ipgevinigdnbasartahgedt iop and

extend | n e A By Shreell O LIR.SCERRTuMhAEE Shoindd sl SRR & M N9
the shank and further comprising;

a substantially cylindrical, axially aligned, base portion having a second diameter,
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 non-driving 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
installation 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

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

5. A punch, according to claim 4, wherein said installation ramp portion forms a

sector of said base extending in a first predetermined circumference and said removal
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on said base portion, between each |obe; a non-driving ranp surface
constructed on each of said wing shaped surfaces, each of said ranp
surfaces further conprising: an installation ranp portion extending radially
inward and circunferentially in the installation direction froma trough of
said ranmp surface, wherein said installation ranp portion inclines fromthe
trough at a conpound angle both radially and circunferentially; and a
renoval ranp portion extending radially inward and circunferentially in the
removal direction froma trough of said ranp surface, wherein said renoval
ranp portimmp potibh nfasm$ rorsetthe dfr saidjhbaa¢ extemdimgoimc: aewind pretétemankdal | y and
circunferentially. 5. A punch,..according.to f' aim4, wherein sad

Cnstal | at | URGics G TS e ISt Slar rcBplegHion® Sagaiel e dRRG R 11 r st
pr edet er m Radr SrdupliEbgdeence and said renoval 15 ranp portion forms a sector
of said base extending in a second predeterm ned circunference and wherein
sai d firstb.secthrpwichcastadimgeds ¢laimgrsawbereithdhe statid ebcwitl firsiestdor
circunference. .6. A punch, according tq clai.m5b, wh jn the ratio of said
First sectaeimgihncty Rupead R et b Betnd CabraPbahi Bt r ence s
substantiat.ly 2A panch, actordin@tonélhim Hosietelh Bgid tfivstGba@bitifoumsliendd i 60Rhsl f i r st
sector circunference is 60 and said second sector circunference is 30. 8. A
punch, acc@idieprpdisscter eirawmnferengeds ) the installation ranmp portion inclines

circunferepnti al ternl: C 9. cecardi ngto claim
8, Wwherei ﬁgq'sai d(i%)rug%étaag?éﬁﬁﬂlgdﬁa%lf}gqi g}ﬂlgljr?ﬁt H% lpéﬁlg%{&ﬁg?@ l?dc?){lgﬂ rﬁ%&)‘?lgsA punch,
accor di ng dieumfaenially avhpredéterniife] angleoval ranp portion inclines

circunferential]y at a predetermnm ned angle., 11. A recess for .a fastener,
accor di ng to o A PHiCh ARG 9 C 128 & wﬁgg@t%mrﬁ%erah@qdeangseslsm then@ngeange of

1 to 2. 1f206.

10. A punch, according to claim 4, wherein the removal ramp portion inclines
circumferentially at a predetermined angle.
11. A recess for a fastener, according to claim 10, wherein said predetermined angle

is in the range of 1° to 2°.
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