WO 2005/ 102559 PCT/ US2005/ 007010 POADERED METAL MULTI - LOBULAR TOOLI NG AND
METHOD OF FABRI CATI ON Background This invention generally relates to
mul ti-1obular tooling for punching a multi- |obular recess into, for

exanpl e, W6 20083658 a fastener. The invention nore glg(‘:i/bgﬁ)l /X7 gl ates to

mul ti-1obular tooling and tooling blank which are forne P8d metal .
The invention also relates to nethods of form ng a powdered netal

mul ti-lobular tool. Milti-lobular tools, often referred to as "punch pins,"
are used to punch ZOWDEREDMEFALMEISTT-MOBULAREKQLENG he head of a

fastener. Figure 1 ill ustAga\BIVEETHOD IOF FABRICATERDONPI N 10. I n use, the
head 12 of the punch pin 10, i.e., having a nulti-lobular profile, is

punched into a wotrkpiece, such as the head of a fastener, to forma
mul ti-| OM&%@Y ss. Typically, punch pins are formed of standard t ool
steel such as M42 tool steel. Tool steel, by nature, is very

nonhonogeneouShigiehiion gahérdlls olasdsns Ihﬂhgl@bum t66lin l\iﬁﬁrpiﬁ@hﬁfg ganftides.
Figure 2 provides an inage of a punch p|n formed of 2 tool steel, where

the i M9 fobutar 1te%§sesr11n¥\cn) tfh T gxa%ﬁlreoﬁle%eead of a4 agénm The 11%/6&121%?181%/18{686 cross-
specifically relates to multi-lobular tooling and tooling blank which are formed of
powdered metal. The invention also relates to methods of forming a powdered metal
multi-lobular tool.

Multi-lobular tools, often referred to as “punch pins,” are used to punch a
multi-lobular recess into, for example, the head of a fastener. Figure 1 illustrates a
multi-lobular punch pin 10. In use, the head 12 of the punch pin 10, i.e., having a
nulti-lobular profile, is punched into a workpiece, such as the head of a fastener, to
form a multi-lobular recess.

Typically, punch pins are fonned of standard tool steel such as M42 tool steel.
Tool steel, by nature, is very nonhomogeneous, and typically contains large, often
segregated carbides. Figure 2 provides an image of a punch pin formed of M42 tool
steel, where the image was taken with a microscope at 400x, along a transverse cross-
section (i.e., along line 2 in Figure 1). Figure 3 is similar, but is an image taken along
a longitudinal cross-section (i.e., along line 3 in Figure 1). As shown, carbides (the
lighter areas in the image), many of which are relatively large, can be found along
either cross-section. With regard to size, in a punch pin formed of conventional tool

steel, carbides as large as 10-50 microns or even larger often exist.



section (i.e., along line 2 in Figure 1). Figure 3 is simlar, but is an
i mage taken along a longitudinal cross-section (i.e., along line 3 in
Figure 1). As shown, carbides (the lighter areas in the imge), many of
whi ch arWOr28P%t02%88 y | arge, can be found along either REIFES208¥GNDHN. With
regard to size, in a punch pin fornmed of conventional tool steel, carbides
as large as 10-50 mcrons or even |larger often exist. 1 WO 2005/1025~9
PCT[ US2005/ D i i e produce a
hard, bri tt?gﬁgﬁpes\-%ggigﬁg?f%qg%g%g[\%getr%e&l){r?g? ﬁzg%ﬁg?%a%ﬁgsggﬁgﬁ%ency to
fracture or splinter. Cenerally speaking, it is undesirable for a punch pin
t o contweakdnedgdansg vilictein thndnataribl biks a teadergpatd fractuss or spliitdes Generallje a
poi nt of weakness. This is especially true if a fairly |arge carbide
happens_.t i st l.ti -1 ohul NP .quch case,
t he carstﬂegléﬁfrga?/t lgglégggf%éé ?obaeﬂ{l%a%: |pt%pcr0(l§31an &?fée 5&@%}? F%éﬂgs?élfb 1§§' shown in
Figure 4. Figure 4 provides an inage of a punch pin fornmed of M42 too]
st eel , seigeegationeas parhedesypasvidekeepoint vhwaakuoessniTiys & especmblyrties tsctpdy ( SEM
at 35x, after the punch pin was used in a nunber of cycles to punch
mul ti-| ' rkpi , I pt.or ossi bl e
probl er el RRERER b s! B8 3658 of MithElobpdf Wehipil 1R SUph B2
problemis even nore severe the |larger the punch pin.

the carbide may cause the lobe to chip prematurely during use, as shown in Figure 4.

pania

Figure 4 provides an image of a punch pin formed of M42 tool steel, where the image
was taken with a scanning electron microscope (SEM) at 35x, after the punch pin was
used in a number of cycles to punch multi-lobular recesses into workpieces. Not only
does it present a possible problem when a large carbide exists on a loBe of a punch
pin, but the problem is even more severe the larger the punch pin.

United States Patent No. 6,537,487 discloses a method of molding a powdered
metal part using a metal injection molding (“MIM”) process. Such a process is
relatively complicated and uses a binder. The binder must be removed (i.e., de-
binding) during sintering, or prior to sintering. A finished part made with such a
process typically is only 95 to 98% dense, and has diminished column strength and

limited impact resistance.



United States Patent No. 6,537,487 discloses a nethod of nolding a powdered
netal part using a netal injection nolding process. Such a process is
relati'vely conplicated and uses a binder. The binder nust be renoved (i.e.,

de- bi ndi mgy 26b31103%g9 Si ntering, or prior to sintering. A f,(ijqu %gj/ made
with such a process typically is only 95 to 98% dense, ano( Eas‘ g‘?’raﬁ(otni shed

colum strength and Ilimted inpact resistance. 2 WO 200-5/102559

PCT/ US200Q. 5/ 00704 bj ects and Summary An object of an enbodi nent of the
pr esent '%%@&ﬁgﬁgaws- de a nmulti-lobular tool and tool blank which are
formed of powdered netal, thereby providing that the tool is very

honogenous ang\iCakfedt HarPBinbo8BhdHtTIhObreBn EXVERHBH ¥ SioRide MahuliSobliat
anot her obj ect of "an enbodi nent of the present invention is provide a

relatively sinple thod .of fahricatinhg a nmulti-lohul ar powdered netal tool,
Where t nidolzaehasl Baed srieh @Bﬁfﬂl}l@%&r@%@%ﬁm%@ e  Devidiag b to or
during sintering. Briefly, and in accordance with at |east one of the

f oregoi ngodlk Qélgshmﬁﬁ%erﬁjm%'d%lﬁtaiﬁi ohRecaphides B ah BXRBHIEPNsRERHatEE. @ t ool
made of powdered nmetal, such as a nodified (in that nol ybdenumis added)

T15 hi gh speeq, st ee] S) i owjer.ed . .. .
gh sp ({’et anotheg ) Je)ct of ah e\rl\l%odmlent of the present invention is provide a

relatively simple method of fabricating a multi-lobular powdered metal tool, where the
method does not require any de-binding steps, either prior to or during sintering.

Briefly, and in accordance with at least one of the foregoing objects, an
embodiment of the present invention provides a tool made of powdered metal, such as
a modified (in that molybdenum is added) T15 high speed steel (HSS) in powdered
form, and having a multi-lobular end profile for punching multi-lobular recesses into
workpieces, such as into the heads of fasteners. -

Another embodiment of the present invention provides a method of fabricating
a tool made of powdered metal, where the tool has a multi-lobular end profile. The
method includes steps of: cutting a predetermined length from a rod formed of
powdered metal, such as a modified T15 HSS (modified in that molybdenum is
added); applying a 47°/45° chamfer to both ends; grinding the outside diameter to a
predetermined size; applying oil and extruding a multi-lobular configuration on one
end of the cutoff in the extrusion die that is secured in a punch press; stress relieving
the part in a heat treat furnace; coining a trademark (if desired) onto the part; grinding
the outside diameter to a predetermined size; facing to predetermined length; shaving a

nose angle; heat treating to a predetermined hardness; grinding the nose angle to



form and having a nmulti-lobular end profile for punching multi-I|obular
recesses into workpieces, such as into the heads of’ fasteners. Another
enbodi nent of the present invention provides a nethod of fabricating a tool
made of POI8YYB3fet al , where the tool has a nulti-| obRGKUSNESHBM | e. The'
met hod i ncludes steps of- cutting a predeterm ned length froma rod forned

of powdered netal, such as a nodified TI 5 HSS (nodified in that nol ybdenum
is addggle j - AT ' aptieg; : ; etall t he outside

i amet e i e o B e R S i G ) b e’

mul ti-I obular configuration on one_  end of the cutoff_in the extrusion die

t hat | spredeterminadrsize pagiamngiheans podishingstheqiaseangly tordpsitedrdinisly a heat treat
furnace; coining a trademark (if desired) onto the part; grinding the :
outside diameter to a predeterm ned size; facing to predeterm ned | ength;
shaving a nose angle; heat treating to a predeterm ned hardness; grinding
the nose angle to 3 WD 2005/ 102559 PMUS200N0O07040 achieve a desired finish
and length; grinding the outside dianeter step to a predeterm ned size and
| engt h; and polishing the nose angle to desired finish. 4 WD 2005/ 102559
PCTI US2005/ 007040



Brief Description of the Drawi ngs The organi zati on and manner of the
structure and operation of the invention, together with further objects and
advant ages thereof, may best be understood by reference to the follow ng
descri pti oo 2doahe3ss n connection with the acconpanying graWRgSepRer € n

| i ke reference nunerals identify |ike elenments in which: Figure ? I's a
perspective view of a nulti-I|obular punch pin; Figure 2 provides an inmage of
a punch pin formed of M42 tool steel, where the image was taken with a

micr osco&lﬁrp_@mﬂgﬂ%ﬁh@ﬁwﬂnr se cross-section (i.e., along line 2 in
Figure 1); Figure 3 is simlar to Figure 2, but where the i mage has been

taken al ong aThk@Rgadiaticiahnd hReHesChe@BuChire -and@#:@ﬂﬁidﬂ &ethd ihPedtigure 1);
Figure 4 provides an inage of a punch pin formed of M42 tool steel, where

the imge s taken with a scanning el ectron _m croscaope (SE t 35x, after
the puncFOSeH&E %u%léfa' Q%B%S ﬁH&ﬁéYafBFg%%ﬁi?P@@ﬂtI@ab%ﬁ\%‘}bw%f%o@a&}’ar
recesses into workpieces; Figure 5 provides an inmage of a punch pin formed
of a nodidferaicd td thd B8 owling RIRYEISH RS, 4l iniBnAcSRIHANGEhYIaESordBagRedI Ment

of the present invention, Where the  inmage was taken with a m Croscope at

400x, along a transverse cross-section (i.e,, .along line 2 in Figure 1);
drawings, wherein Iike reference numerals identify like elements 1n which:

Figure 1 is a perspective view of a multi-lobular punch pin;

Figure 2 provides an image of a punch pin formed of M42 tool steel, where the
image was taken with a microscope at 400x, along a transverse cross-section (i.e.,
along line 2 in Figure 1);

Figure 3 is similar to Figure 2 , but where the image has been taken along a
longitudinal cross-section (i.e., along line 3 in Figure 1);

Figure 4 provides an image of a punch pin formed of M42 tool steel, where the
image was taken with a scanning electron microscope (SEM) at 35x, after the punch
pin was used in a number of cycles to punch multi-lobular recesses into workpieces;

Figure 5 provides an image of a punch pin formed of a modified T15 HSS in
powdered form, in accordance with an embodiment of the present invention, where the
image was taken with a microscope at 400x, along a transverse cross-section (i.e.,
along line 2 in Figure 1);

Figure 6 is similar to Figure 5 , but where the image has been taken along a

longitudinal cross-section (i.e., along line 3 in Figure 1),



Figure 6 is simlar to Figure 5, but where the imge has been taken along a
| ongi t udi nal cross-sectiion (i.e., along line 3 in Figure 1); 5 WO

2005/ 10 9 PCT/1JS2005/ 007040 Figure 7 provides an i h pin

f or med (2)\;36120%??3 ed T 15 HSS in powdered form wher e%&lﬁéﬁ@é&\?\@é t aken
with a SEM at 50x, after the punch pin was used in a nunber of cycles to
punch multi-I| obul ar recesses into workpieces; and Figure 8 provides a flow
chart of a n¥igwe 7gfrofales iandtriagg o amirch-pindotraed bHeimodified Takd HSSumch pi n,
where the method is in accordance with an enbodi nent of the present

| nvent | BRABP n8n Ty SRERY TR ZIAES IR S RERFR DR APl EplF P EET

shown in the drawings, and herein will be described in detail, enbodinents
t her eof was tiked frea nnodbes binyélng ta punch maltpiesdat redesses iiptoi workjsetas; bad
consi dered an exenplification of the principles of the invention and is not
| ntended to gl 0§ 86 ded e, Wat Dt BENBY If fabbARALLY nANE BP0 RS

her ei n.

such as a punch pin, where the method is in accordance with an embodiment of the

present invention.



As di scussed above, Figures 2-4 relate to a punch pin fornmed of M42 tool
steel. Figures 5-7 provide simlar views, but relating to-a multi-I obul ar
tool, ‘specifically a punch pin, formed of a nodified TI 5 HSS in powdered
f orm (nodwo smsieesshat  nol ybdenum i s added), in accor dasEeguobilo@hso

enbodi nent of the present invention. As a result of being forned of
powdered netal, the punch pin is much nore honbgenous and contains only
car bi des ((t he. Iti hter areas in the imges shown in Figures 5 and 6) which
are rela |1, conpared to carbides which are typically contained in
a punch pin fornmed of tool steel. As a result of being nore honbgenous and
cont ai ni ng onlWhileltlxt present innventiorc malyitesiscepible tmembpidimest metifferatiust and
not prone to chipping or otherwise failing during use (i.e., while being

2005/ 10222285 AT EoB ol e ERERPES o Ao dEtle Mok BRI ER Y e i n

where the inmage was taken with a mcroscope at 400x, along a transverse
cr oss- seenbmdiients. thembobd mgth theeindeistardigg tlet the prefengtdeschiptionds to bar t o
Figure 5, but where the image has been taken along a | ongitudinal

005 e A B b e PRI B P R 80,
to those limit the invention to that as illustrated and described herein.
As discussed above, Figures 2-4 relate to a punch pin formed of M42 tool steel.

Figures 5-7 provide similar views, but relating to a multi-lobular tool, specifically a
punch pin, formed of a modified T15 HSS in powdered form (modified in that
molybdenum is added), in accordance with an embodiment of the present invention.
As aresult of being formed of powdered metal, the punch pin is much more
homogenous; and contains only carbides (the lighter areas in the images shown in
Figures 5 and 6) which are relatively small, compared to carbides which are typically
contained in a punch pin formed of tool steel. As a result of being more homogenous
and containing only relatively small carbides, the punch pin is very robust and not

prone to chipping or otherwise failing during use (1.e., while being used to, for

example, punch recesses in the heads of fasteners).



present in the tool steel punch pin, as shown in Figures 2 and 3. ,
Specifically, while thé carbides present in a punch pin mad(, of taool steel

can be r or nore, providing that the punch pipn.i r of
powder Q%@%(@%&m a nodified Tl 5 HSS in powdered gg@%"%@\@? gs t hat

t he carbides can be as small as 1-4 mcrons. Figure 7 provides an i mage of
the punch pin, where the inmage was taken with a SEM at 50x, after the punch
pi n was usedFignres puetides ef impge of theopynahcpinpwiheie thebimage waetakenexith at o

wor kpi eces. Conparing Figure 7 to Figure 4, the powdered netal punch pin
(Figure.: Mo I eal. W n | AP ' t he t ool
st eel %‘Qﬁ%ﬁe&‘g’i‘eﬁ‘{t@pgﬁé@hg)ﬂg‘ﬁ? ﬁg SC?%%geng cgﬁlh g?'hglog% 1219 % ggré. eli?:lt}'se | ar ge
carbi des provi de a point of weakness, and the |obes of a nulti- |obular

t ool , skighrea§ imsipilacHo Higyrerss bt where thet imegethas beendakerdalongg i npact, it is

I mportant to provide or insure that |arge carbides do not exist at a | obe of

For mea BPECASPILeESP sort @) 6 ol Whb B MeBle DL A spa i TR L E>

mul ti-lobular tool is instead nade of powdered netal, such as a nodified TI
5 HSS ithe pertddeshé tighter mreasi iddke imhges) theredatavely smrallctamparetl tottboseart i s
much nore honbgenous. As such, there is less of a |ikelihood or even no

'2'0(‘33 33@%%&%%@8 gt:e)eggi}géngﬁﬁm W bho it Figlted B end £5PLeiABAIIY Wi

the carbides present in a punch pin made of tool steel can be 40 microns or more,

pfoviding that the punch pin is formed of powdered metal, sﬁch a modified T15 HSS
in powdered form, provides that the carbides can be as small as 1-4 microns.

Figure 7 provides an image of the punch pin, where the image was taken with a
SEM at 50x, after the punch pin was used in a number of cycles to punch multi-lobular
recesses into workpieces. Comparing Figure 7 to Figure 4, the powdered metal punch
pin (Figure 7) exhibits merely acceptable wear with no chipping, while the tool steel
punch pin (Figure 4) exhibits some chipping at a lobe.

Because large carbides provide a point of weakness, and the lobes of a multi-
lobular tool, such as a punch pin, receive a lot of the stress during impact, it is
important to provide or insure that large carbides do not exist at a lobe of a multi-
lobular tool. Tvnicallv. multi-lobular fools. such ag nunch nins, are formed of tool
steel which is very non-homogenous. Providing that the multi-lobular tool is instead
made of powdered metal, such as a modified TlS HSS in powdered form, provides
that the grai structure of the part is much more homogenous. As such, there is less of

a likelihood or even no likelihood, that large carbides will exist in the area of, or on



one of the lobes. As a result, the punch pin is nore robust and has inproved
colum strength and i npact resistance, and will have a | onger useful
service life. Figure 8 illustrates a nethod of fabricating a powdered netal
mul ti -1 obwbaves/feexsk, such as a punch pin as shown in Fi gagras2&sidoiosner e t he
method is in accordance wth an enbodi nent of the present invention. As
shown, the nethod provides the follow ng steps: cutting a predeterm ned

moat 11 ot o5 HeBbeh o teathHE R TER, Baenfe P e B B Bt 47 a5

chan-ifer to both ends; grinding the outside dianeter to a predeternm ned
si ze; appirsngih aodlimpadt wgistandengndwallihave b dmgeansesegueatifon on one end
of the cutoff in the extiusion die that is secured in a punch press; stress

relieving the: -} t e CcOolDnj I if
desired) ont oﬁ%@gé tgalpp ?ﬁ%@?%érlléntégatoﬁg%&u gl':ﬁ & @é‘gﬁé}?gﬁ%%?gﬁgﬁglé‘g@g; m ned
size; facing to predeterm ned | ength; shaving a nose angle; heat treating
to a pr et gsuichiasedpumhdriass shgwnndifigueh 8- hogkerarthe mdthod achi acerdantesi r ed
finish and I ength; grinding the outside dianeter step to a predetennined

or ocoes FAT 8] ey ARl Bkl ERET s Shh P BB Bt W ops, s

opposed to a netal injection nolding process, where a binder nust be

renoved thllowiggsieyserqutigng e pregetemnined levigth €onmg rod ffimibanstbchdotmeddé wi t h

such an injection nmetal nolding process
powdered metal, such as a modified T15 HSS (modified in that molybdenum is
added); applying a 47°/45° chamfer to both ends; grinding the outside diameter to a
predetermined size; applying oil and extruding a multi-lobular configuration on one
end of the cutoff in the extrusion die that is secured in a punch press; stress relieving
the part in a heat treat furnace; coining a trademark (if desired) onto the part; grinding
the outside diameter to a predetermined size; facing to predetermined length; shaving a
nose angle; heat treating to a predetermined hardness; grinding the nose angle to
achieve a desired finish and lehgth; gﬁﬁding the outside diameter step to a
predetermined size and length; and polishing the nose angle to desired finish. The
proceés is relatively simple, and does not require any de-binding steps, as opposed to a
metal injection molding process, where a binder must be removed during sintering, or
prior to sintering. A finished part made with such an injection metal molding process
typically is only 95 to 98% dense. In contrast, a finished part fabricated with the

above-described method is theoretically 100% dense, and has improved column

strength, impact resistance, and too] life.



typically is only 95 to 98% dense. In contrast, a finished part fabricated
with the above-describéd nethod is theoretically 100% dense, and has

i nprove <Strength, inpact resistance, and tool '
2005/103@@8&%@?F622005/007040 To provi de the powdered gFgéﬁnB§%¥9%gfore
performng the fabricating steps described above, the follow ng process may
be used: 1. Mlten netal, of the proper conposition, is atomzed in an inert
at nosphere. 2o proadedke powdgresostes] darnkafare perfemaingdhe dabricatingestspeel " can”
which is a steel pipe 5to 6 feet long and 10 to 12 inches in dianeter. 3.

The se , i I Wat | i r ess HP) which exerts a
pressu?%gsgPB%&Bé\é?’r%gg é‘?‘é"éﬁﬁl‘a%e%SZf%%%?’%l“‘é?‘g 2100(17. 4.)Aft|er the H P

process, the steel can is machined off of the now solid and 100% dense P. M
i ngot. 5. Thé Moltenimefal, af $he hropepcomposidivn, ikatomizethiresn inarhl | y pour ed
ingot. While enbodinents of the present invention are shown and descri bed,
it is d's}g]h&%ed that those skilled in the art may devi se vari ous
nmodi fi cat1 ohs of the present

2. The resulting powered metal is sealed in a large steel “can” which
is a steel pipe 5 to 6 feet long and 10 to 12 inches in diameter.
3. The sealed can is place& in a hot isostatic press ( HIP ) which
exerts a pressure of 1000 atmospheres at a temperature 2100F.
4. After the HIP process, the steel can is machined off of the now
solid and 100% dense P.M. ingot.
5. The P.M. ingot is then processed like a conventionally poured ingot.
While embodiments of the present invention are shown and described, it is
envisioned that those skilled in the art may devise various modifications of the present

invention without departing from the spirit and scope of the disclosure.
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i nvention wthout departing fromthe spirit and scope of the disclosure. 10
NA70 2005/ 10251~9 PCT/ US2005/ 007040 What is clained is: 1. A tool (10)
having a body and a nulti-Iobular end profile (12) for punching

mul ti - | obwlbaooymesoses i nto workpi eces, said tool (10) pcitarsacdsgwiaed by
sai d body being nade of powdered netal. 2. A tool (10) as recited in claim
1, characterized in that said tool (10) is mnade of high speed steel in
powder edf . Ast.gol (10) as recited in claim2, characterized in that
t he highV@%gg%Cﬁ%¥%gﬁgconprises T15 hi gh speed steel. 4. A tool (10) as

recited in claim2, characterized in that the high speed steel includes
nol ybdenum 51. A t dotool {89) kavingeibody and asnaltidulahendpradile £82) for t hat t he
T 15 high speed steel includes nolybdenum 6. A tool (10) as recited in

claim1l1, characteri i it ' : j [ punch
mul ti-|obular r ece? égghél%t&lo%hle&%!eégéé&ék es}{x{lﬁ% gr?zqu%ﬁe%sg@g@ﬁ !LE@QSQ
PCTI US2005/ 007040

characterized by said body being made of powdered metal.

2. A tool (10) as recited in claim 1, characterized in that said tool (10) is

made of high speed steel in powdered form.

3. A tool (10) as recited in claim 2, characterized in that the high speed

steel comprises T15 high speed steel.

4. A tool (10) as recited in claim 2, characterized in that the high speed

steel includes molybdenum.

5. A tool (10) as recited in claim 3, characterized in that the T15 high speed

steel includes molybdenum.

6. A tool (10) as recited in claim 1, characterized in that said tool (10) is

configured to punch multi-lobular recesses into the heads of fasteners.

11
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7. A method of fabricating a tool (10) nmade of powdered netal, where the
tool (10) has a nulti-Idbular end profile (12) for punching multi-I|obul ar

I ecessesyipfs/HekdPi eces, said method characterized by:PCW{\?é@O@/@goﬁ rod

formed of powdered netal; cutting a predeterm ned | ength fromthe rod, sai d
predeterm ned |l ength defining a part; applying a chanfer to at |east one
end of the part, g\rindin an_outside dianeter of the pal t to a

predet er mi ned- si zé mekhed e Fbrigating eitoobl @) madenff pajtidercianeteh whgsedhe  (12)

of the part; grinding an outside dianeter of the part to a predeterm ned

si ze:_and form 1044190 hks 4 BndiHbBURY SRITRGSIC @OIFS: pinctmghfiadopiatec ¢ ed

inclaim?7, further characterized by stress relievin the part in a heat
treat furnace. 9. A nethod as recited in claim?7, further characterized by
coining a traden&pdesestipia workpieees, sod methed kbarastenizeg BB PrPHASR AP,
further characterized by facing the part to a predeterm ned final |ength.

11. A nethod as 1 ggnt&Hof Powtigledmetal; Butti€s a Phédedbintined2en Y FHA'the god NOSE
angl e on the part?lZ of fo e hetal; 2P & Yod,
said predetermined length defining a part; applying a chamfer to at least
one end of the part; grinding an outside diameter of the part to a
predetermined size; extruding a multi-lobular configuration on one end

(12) of the part; grinding an outside diameter of the part to a

predetermined size; and forming the part to a predetermined length.

8. A method as recited in claim 7, further characterized 'by stress relieving

the part in a heat treat furnace.

0. A method as recited in claim 7, further characterized by coining a

trademark onto the part.

10. A method as recited in claim 7, further characterized by facing the part

to a predetermined final length.

11. A method as recited in claim 7, further characterized by shaving a nose

angle on the part.

12



WO 2005/ 102559 PCT/ US2005/ 007040 12. A method as recited in claim7, further
characterized by heat treating the part to a predeterm ned hardness. 13. A
nmet hod as recited in claim 11, further characterized by polishing the nose
angl e to d@si00&2639ni sh. 14. A nmethod as recited in claipoT/us2éssiaeheri zed
in that the step of cutting a predetermned |length fromthe rod conprises
cutting a predetermined length froma rod formed of high speed steel. 15. A

met hod as recijped ![ % H?étﬁb@hg re c(f{%a ACIGH 7 8By %]%?fﬁctteﬁ‘ie 9 ugé@%é ﬂﬁ%engt h

predet er mi ned Téng i—omthe rod conpri’ses cu erm

froma rod formed of T15 W%h speed steel. 16. A rrethod as reC|ted inclaim
7, characterized i partiata piedetcrmpmesk ardn@SSng a predetei Tained length from
the rod conprises cutting a predetermned length froma rod formed of high
speed steel which includes nolybdenum 13 WO 2005/ 102559

PCT/ US200- - s/ 007040 17. A nethod as recited in claim7, characterized in

that the step of cutting a
13. A method as recited in claim 11, further characterized by polishing the

nose angle to desired finish.

14. A method as recited in claim 7, characterized in that the step of cutting a
predetermined length from the rod comprises cutting a predetermined

length from a rod formed of high speed steel.

15. A method as recited in claim 7, characterized in that the step of cutting a
predetermined length from the rod comprises cutting a predetermined

length from a rod formed of T15 high speed steel.

16. A method as recited in claim 7, characterized in that the step of cutting a
predetermined length from the rod comprises cutting a predetermined
length from a rod formed of high speed steel which includes

molybdenum.
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predetermned length fromthe rod conprises cutting a predetermned |ength
froma rod formed of T15 hi gh speed steel which includes nolybdenum 18. A

met hod Orze(‘»?%/PoezgsJ n claim?7, characterized in that thf}}‘#j‘?&ogﬂ)oﬁg&l ying a

chanfer to at [éast one end of the part conprises appl chanf er
to both ends of the part. 19. A nethod as recited in claim7, characterized
inthat the step of extruding a multi-Iobular configuration on one end of

the part furtfller Aorethodesrenppd yi obpimiT, charadterizedantthatiheestep afl cwthingree
multi-lobular configuration in an extrusion die that is secured in a punch
press. 14 predetermined length from the rod comprises cutting a predetermined

length from a rod formed of T15 high speed steel which includes

molybdenum.

18. A method as recited in claim 7, characterized in that the step of applying
a chamfer to at least one end of the part comprises applying a 47°/45°

chamfer to both ends of the part.

19. A method as recited in claim 7, characterized in that the step of
extruding a multi-lobular configuration on one end of the part further
comprises applying oil to the part and extruding the multi-lobular

configuration in an extrusion die that is secured in a punch press.
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