POADERED METAL MULTI - LOBULAR TOOLI NG AND METHOD OF
FABRI CATI ON Background This invention generally
w0 edoatiexsse o nul ti-1 obular tooling for punchi ngPEI/mai00$/007040
| obul ar recess into, for exanple, the head of a
fastener. The invention nore specifically relates to
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tool. Multi-lobular tools, often referred to as "punch
Bac}kgi‘ﬁuﬁdare used to punch a nulti-Iobular recess into,

or exanple, the head of a fastener. Figure 1
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mul ti-1obular profile, is punched into a workpiece,
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mul ti-1obul'ar recess. Typically, punch pins are formed
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typically contains |arge, often
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
multi-lobular profile, is punched into a workpiece, such as the head of a fastener, to
form a multi-lobular recess.

Typically, punch pins are formed 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.



segregated carbides. Figure 2 provides an inage of a

punch pin fornmed of Mi2 tool steel, where the inmage
wor®stedsen with a m croscope at 400k, al ong a PCT/US2005/007040

transverse crosssection (i.e., along line 2 in Figure

1). Figure 3 is simlar, but is an inmage taken along a

| ongi tudi nal c¢ross-section (.i.e. long4line 0.
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the image), many of which are relatively large, can be
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in a punch pin formed of conventional tool steel,
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tends to produce a hard, brittle or weakened plane, .
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splinter. Generally speaking, it is undesirable for a
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segrega as carbides provide a point akness.
This is especially true if a fairly large carbjde . _.

the pribplamay 6aese the leboirychip mspmaBrely dHiIme usco B2 FAOWR ih Ehgure 4.
pin. In such case, the carbide may cause the | obe to
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Figure 4 provides an imge of a punch pin forned of
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punch pin was used in a nunber of cycles to punch

usedrid & nuhevbétysles espasch mubi-leldpt eeesses Mato wodkpieces. 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.
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carbide exists on a | obe of a punch pin, but the
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United States Patent No. 6,537,487 discloses a nethod

of nolding a powdered netal part using a netal

Obil nseg}' Ll jng ("M M) process. Such a process is
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powdered netal, thereby providing that the tool is
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mul ti-1obul ar powdered netal tool, where the nethod
methe® doshot equire anqy-tdadingrdépsg ejhepsrioriotdreurprg ontering.

or during sintering. Briefly, and in accordance wth

at Bjrfe%f t, andin %I:C(grﬁgncf:eoxgvef oait 5P BhE G e fHegoing 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



enbodi nent of the present invention provides a too

made of powdered netal, such as a nodified (in that
wodoghossum i s added) Tl 5 high speed steel (H3S§/UB2005/007040

powdered form and having a multi-Ilobular end profile

for punching mul ti -1 obul ar recesses I nto wor kpi eces,

such the of f e
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of fabrlcatlng a tool nade of powdered netal, where

predeterniined sizasnd lemgthj andpolishing bt pessfarghe tor HAesivesk fmigh.
i ncludes steps of: cutting a predeterm ned | ength from
a rod fornmed of powdered netal, such as a nodified TI
5 HSS (nodified in that nol ybdenumis added); applying
a 47745 chanfer to both ends; grinding the outside
dianeter to a predeterm ned size; applying oil and
extruding a nulti-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 dianmeter to a predeterm ned
size; facing to predeterm ned | ength; shaving a nose
angl e; heat treating to a predeterm ned hardness;
grinding the nose angle toachieve a desired finish and
l ength; grinding the outside dianeter step to a
predeterm ned size and | ength; and polishing the nose
angle to desired finish.Brief Description of the
Dr awi ngs



The organi zati on and manner of the structure and
operation of the invention, together with further
wokjeaexssand advant ages t hereof, may best be upPciEDS10080D7040
by reference to the follow ng description, taken in
connection with the acconpanyi ng draw ngs, wherein
: msraIS|dent|fyI|ke el enments in
pet spective view of a
nultl-lobular punch pin; Figure 2 provides an inage of
a fllechgmination med numnkmof theitrustuselandwipsratiathel thmgéenﬁon
was taken with a m croscope at 400, along a
I [
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I mage has been taken al ong a | ongitudi nal
referamssdo e fallswing. descriptiemdakemia conngetoy Yt the,acepgippaying
4 prow des an imge of a punch pin fornmed of M42 t ool
drav%:&lg@ whiheh Bkt herctsmgS M alsaleni B 1ilke defeatinnghich:
tron m croscope (SEM at 35x, "after the punch pin
was used in a nunmber of cycles t? nch |-I obul ar
r eddgues isrﬁlﬁef\?@?%}yeé’é@é’ of g s @f‘lg?fd?}%f%? Bn i mage
of a punch pin fornmed of a nodified TI 5 HSS in

powEgied HRividesl dh mrgwf@gmh pif fanmedio6 4@ tuol steel hwehere the
pr esent 1 nventlon, 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);



i mage was taken with a mcroscope at 400«, along a
transverse cross-section (i.e., along line 2 in Figure
WAR0sHIZFeY e 6 is simlar to Figure 5, but whePE€r/UR®05/007040

i mage has been taken along a | ongitudina
cross-section (i.e., along line 3 in Figure 1);Figure
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was taken with a SEM at 50x, after the punch pin wa

povydssed iferna, Woersdhe snagy wias sakes with@rSEM at 2% Bifen the punch pin
recesses into workpieces; and Figure 8 provides a fl ow
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be susceptible to embodinent in different forms, there
sucBh8 agiieen pifl, wheredhawdiBsd istinchdaerdinbe With abembodiment of the
described in detail, enbodi nents thereof with the
%%ﬁerst ndi ng t hat the present description is to be
pre §¢H3 ¥4 an exenplification of the principles of the
invention and is not intended to |limt the invention
to that as illustrated and descri bed herein. As
di scussed above, Figures 2-4 relate to a punch pin
formed of M42 tool steel



Figures 5-7 provide simlar views, but relating to a
mul ti-I| obular tool, specifically a punch pin, forned
woood/10a569 fied TI 5 HSS in powdered form (nodi PCEUS2005/007040
t hat nol ybdenum i s added), in accordance with an
enbodi nent of the present invention. As a result of
i ornmed of powdered netal, the punch pin is nuch
De&ﬁ;ggﬁgnngenous and contains only carbides (the
hter areas in the inmges shown in Figures 5 an
ilgrthe pegsant W?tl@ﬁﬁrﬁl%}y begisapiddiers Yehadigent wﬁléﬁrent
are typically contained in a punch pin formed of too
forBk afkre £% shoh@Sitl the dtawiRigh SarDlh& e OWHY BO deScrittd in detail,
contalnlng only relatlve y snall carbldes t he punch
v robust. and, not
ermibparcissGefent iy the e radng thas e froBt Bicfiptigudsto be
to, for exanple, punch recesses in the heads of
confristenat sxefipificgtidn of theiptamiples offdgeinobntidre apd tehot intended to
pin, where the image was taken with a m croscope at
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but where the inmage has been taken along a
| ongs tlisdissell above sFigendsi # relateto a phoedypin foem@diaf M42 tool steel.
Figure 1). As shown in Figures 5 and 6, the carbides
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as shovvn in Figures 2 and 3. Specifically,
punch pin, formed of a modified T15 HSS in powdered form (modlﬁed in that

molybdenum is added), in accordance with an embodiment of the present invention.
As a result 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 (i.e., while being used to, for

example, punch recesses in the heads of fasteners).



the carbides present in a punch pin nmade of tool steel

can be 40 mcrons or nore, providing that the punch
w@rwsie2sfor ned of powdered netal, such a nodi f P€riUI2005007040

HSS i n powdered form provides that the carbi des can

be as small as 1-4 mcrons. Figure 7 provides an inage
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_cycles to punch nulti-Ilobular recesses into o
micyRsciope et 480X, Gapa ritrgsFge ceosp-seetien Gt calongding 2 in Figure 1).
powdered netal punch pin (Figure 7) exhibits nerely
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Because | arge carbi des provide a.point of weakness,
longiferlipplecrpepsection @.emaleng bpeiP an Fige 1) s dtshosvmipliiguges 5 and 6,

pin, receive a lot of the stress during inpact, it is

the bARAAS lighter avdaden g iﬂi‘éﬁ%éf af@lathIPSmERCBhARSedIR th
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mul ti-1obular tools, .such . as punch pins, are forned. of )
preqtih i THedop! SRFRIE RBr §° SNk LRt Ao RRCHEEALl): while
that the nmulti-lobular tool is instead nade of
the paxbildssastesait ah a Rimeh pas nevdeaditbolededllcah HdSH iicrons or more,

powdered form provides that the grain structure of
pfo{figiilﬁﬁ{a% tﬂespﬁrﬁjc%hpi%% %orrr]rcl)erg)gfe Iglgvl\%aéreésmescle{ﬁ %udtl g%rlgdiiﬁséd 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. Typically, multi-lobular tools, such as punch pins, 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 T15 HSS in powdered form, provides

that the grain 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



a likelihood or even no likelihood, that |arge

carbides will exist in the area of, or onone of the
WO owe402586 a result, the punch pin is nore robRPST/USIS/007040

has i nproved colum strength and inpact resistance,

and wi |l have a | onger useful service life. Figure 8
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igures 5-7, where the nmethod is_in accordance with an
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nmet hod provides the follow ng steps: cutting a

pr epighes grhlm@éirdt@m bleho@8t abiRding arepoka@derga fgdtal AURbbular

of powdered net al such as a nodi

fied in that de umis d); .appl
tOOﬁ?m ag RAVLER Py ab <h PRI & 18P ﬁgf Pﬁal@{fﬁ ﬁ}%ﬂls in accordance
di aneter to a predeterm ned size; applying oil and

with ahresmtbottin@ntof the prebetanveanivhl oAs sidwen, e nsthod pdowtes the
the cutoff in the extrusion die that is secured |n a

unch press: stress evi art in.a h
fol B SBSE St Bk e Rpsit B8 ¢ s 3 B a6l Brmed of
part; grinding the outside dianeter to a predeterm ned
povsale;red nietali, sgch as pnadified M15ddSH émgidifiedsmathatimodybhden@em is
angl e; heat treating to a predeterm ned hardness;
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predeterm ned size and Iength and polishing the nose
predetgimeined suzes iapplyifg nilsind emdmg 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 length; gﬂﬁding the outside diameter step to a
predetermined size and length; and polishing the nose angle to desired finish. The
procéss 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 tool life.



process is relatively sinple, and does not require any
de- bi ndi ng steps, as opposed to a netal injection
worRloditmgspr ocess, where a binder nust be renovedI/Uus200510p7040
sintering, or prior to sintering. A finished part nade
with such an injection nmetal nolding process typically

is 0, i ni .
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theoretically 100% dense, and has inproved col um
desetibechgbaowe, i tllowiagipsoeass enaybriusasbl |ife. To provide

t he powdered steel bar, before performng the

f abr iNgalibR ehethIeBE t}gée}%%bkli’/b%nﬁgﬁﬁgn, fshgorhPAddaWiandnert

process may be used: [ten netal, of the proper

conposition, is atomzed in an inert atnosphere. 2.
atmppRGTEs | t | ng powered netal is sealed in a | arge steel

"can" which is a steel pipe 5to 6 feet long and 10 to

12 J.mukessilbingipywedred medal i$Realsé ah adagentdd “philtathidn
a hot isostatic press ( HHP ) which exerts a pressure

. of 1000 heres a t erature,.2100F. 4. After
is afrel B Hiopabe oppand (0 TCHARe UARRET of f of the
now solid and 100% dense P.M i ngot.
3. The sealed can is placed 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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5. The P.M ingot is then processed |like a

conventionally poured ingot. Wile enbodi nents of the
wEe@samsse nventi on are shown and descri bed, i tPECBHUS2005/007040

envi sioned that those skilled in the art may devi se

various nodifications of the present invention w thout

Ratbiey fskom the spirit and scope of the
Wh?sclolsure{SV%at is clainmed is: 1. Atool (10) having a

body and a nulti-I|obular end profile glz) faor punchin
mul ki - | obupal (108 be¥miesa bednangp kmiliclosulas gnd nreble Qli’d)%or
characterized by said body being nmade of powdered

netal . Zpushie@hnfid Qdbdsr feRebdes ntony6Hgided, said tool (10)
characterized in that said tool (10) iS nmade of high

speed steel in.poywdered. form .3. Ato 1 S
Botted CRIIEHERGDY Sh ey e madk et dared fogh
speed steel conprises Tl 5 high speed steel. 4. A tool

(10) as recited in claim?2, characterized in that the
hi gh speed steel includes nolybdenum 5. A tool (10)

A A Lfszggoé{‘g@b W %ﬁ@&@ﬁ%ﬁ@ﬁ@ bR hD&idod (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.
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6. Atool (10) as recited in claim1, characterized in
that said tool (10) is configured to punch

woreiositedsebul ar recesses into the heads of fastReEDS2085/007040
A nethod of fabricating a tool (10) nmade of powdered
nmetal, where the tool (10) has a nulti-Iobular end

projile A%ﬁéthgag?%%%ﬂ%]ﬁm i(Id)m%lgé‘gff)S%x%?&%?lh’ghlgwhere the

wor Kpi eces, sal aracterized by. provi
rod forned. of powdered netal; cutting a predetermn

| ; : d.
[ engt b Tioak{tHchas gcmulid byl BoRH 6L for grRching multi-lobular

defining a part; applying a chanfer to at |east one

end of theedas intoGhbMPidids aaiPHethstEcltirasetieed bl ploeiding a rod
part to a predeterm ned size; extruding a

par | griRHEEHE AR E] Bt SHEngR BPOFREnHMSR lspgizfrom the rod

predeterm ned size; and formng the part to a

pr edet ergsid peedegrgiibed fength defitiod aasart;eppl@dgianciahefento at least
7, further characterized by stress relieving the part

in a heat treat.furnace.. 9. A netho s recit i n

ol ai m o i e Grining e ByCEls ARRlTE ¢l el e 2

onto the part. 10. A nethod as recited in claim?7,

f urt her jedeteemérddzaze; extdudaiganitie-lpbular 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.
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to a predetermned final length. 11. A nethod as

recited in claim?7, further characterized by shaving a
woows/ 182569 € on the part.12. A nmethod as recit eBCT/nS2005/007040

claim?7, further characterized by heat treating the

part to a predetermned hardness. 13. A nethod as

recis ed AfnEihduhs ]réelté L d1%fm Qhﬁflﬂfér%hhlza%@erpz)lég by heat treating the

pol i'shi ng the nose ang e to desired finish

method as recited in claim characterized in that
the stepp®t teapredeieraniped Béﬁ@@ﬁﬁ ned | ength fromthe
rod conprises cutting a predetermned length froma
rod fornmed of high speed steel. 15. A nethod as
recited in claim?7, characterized in that the step of

cutfjng r term.ne rod conprises, .
cutH'ng grg?@‘& taérrﬁ?lFFéﬂml C@?f&%ﬂ fﬁgmeéc cgeggqggoyd?o%ﬁpmg the
5 high speed steel. 16. A nmethod as recited in claim

7, char agéserdnpdelto desifedtfinible step of cutting a

predeterm ned | ength fromthe rod conprises cutting a
predeterm ned length froma rod fornmed of high speed

steel which includes

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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nol ybdenum 17. A nmethod as recited in claim?7,
characterized in that the step of cutting a

w@e@davssari ned | ength fromthe rod conprises CRCT/URZPOR007040
predeterm ned length froma rod fornmed of TI 5 high
speed steel which includes nol ybdenum 18. A nethod as

reci4 ed j i . r . HZ i . . .
ol 1 g B Fer RS 1 AR i B R g
conprises applying a 47745 chanfer to poth ends of the .
part. 19predetesmingd lasgthaomethe rpd epmipsisgs cutting a predetermined
characterized in that the step of extruding a

mul ti -1 oRULAY frE6RMY F & dheAb oM PRZh&PEe@btcNehidH includes
further conprises applying oil tothe part and

extruding the nmulti-I|obular configuration in an
ext rusi OROBLEICAREY | s secured in a punch press.

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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