woO 2009/070525 A1 |00 0 OO OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

lﬂfb A0 0 0

(10) International Publication Number

WO 2009/070525 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 June 2009 (04.06.2009)

(51) International Patent Classification: GUBANICH, Richard J [US/US]; 523 Monticello Drive,
B22F 3/03 (2006.01) B22F 3/00 (2006.01) Delmont, Pennsylvania 15626 (US).

(21) International Application Number: (74) Agents: MEENAN, Larry R. et al.; 1600 Technology

PCT/US2008/084500 Way, P.O. Box 231, Latrobe, Pennsylvania 15650-0231

(22) International Filing Date: (US).
24 November 2008 (24.11.2008) (81) Designated States (unless otherwise indicated, for every
- . . kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BIL, BR, BW, BY, BZ, CA,
(26) Publication Language: English CH, CN, CO, CR, CU,CZ, DE, DK, DM, DO, DZ, EC, EE,
(30) Priority Data: EG, ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

11/945,647 27 November 2007 (27.11.2007) US LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
(71) Applicant (for all designated States except US): KEN- MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
NAMETAL INC. [US/US]; 1600 Technology Way, P.O. RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
Box 231, Latrobe, Pennsylvania 15650-0231 (US). T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

ZW.
(72) Inventors; and
(75) Inventors/Applicants (for US only): MIZGALSKI, (84) Designated States (unless otherwise indicated, for every

Kent P [US/US]; 127 Fox Haven Drive, Stahlstown, kind of regional protection available): ARIPO (BW, GH,
Pennsylvania 15687 (US). DINCO, Edward M [US/US]; GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
4848 Route 982, Latrobe, Pennsylvania 15650 (US). 7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: METHOD AND APPARATUS USING A SPLIT CASE DIE TO PRESS A PART AND THE PART PRODUCED
THEREFROM

(57) Abstract: A split case die (60) is used to press
powder, wherein the die parts (61, 62) are moveable in
a direction non-parallel to the direction of the pressing
axis (77). The part produced by such a split case die
(60) has an external surface with parting line marks (30)
oriented in a direction non-perpendicular to the press-
ing axis (77).

FIG.3



WO 2009/070525 A1 | NI/ DA 000 0T 000010000 0 O

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES,FI, — before the expiration of the time limit for amending the
FR, GB, GR,HR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, claims and to be republished in the event of receipt of
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, amendments
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report



WO 2009/070525 PCT/US2008/084500

METHOD AND APPARATUS USING A SPLIT CASE DIE TO PRESS A
PART AND THE PART PRODUCED THEREFROM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention is directed to a metallurgical process for the consolidation of powder,
wherein the process involves the utilization of a split case die. The subject invention is also
directed to a part produced from such a process.

Description of Related Art

[0002] Fabrication of cutting inserts from sinterable powder, i.e. metallurgical cermets or
ceramic powders, involves compaction of the sinterable powder with or without a fugitive
binder into a pre-sintered green part. Subsequent sintering of the green part produces a
finished part which may be a cutting tool. Compaction takes place under high pressure
obtained through large opposing forces generated by top and bottom rams urged into a die
cavity formed in a die containing the sinterable powder.

[0003] United States Patent No. 6,986,866 is directed to a method and apparatus for cross-
hole pressing to produce cutting inserts, whereby a solid unified die having a die cavity
within is utilized to produce a green part. The green part is ejected through the unified die
cavity and, as a result, the shape of the green part is limited to a shape able to “slide” through
and out of the die cavity.

[0004] United States Patent Application Publication No. US 2006/0165828 is directed to a
method and apparatus for manufacturing a cutting insert, whereby a split case die is separable
in a direction parallel to the pressing axis to produce a green part that would not be able to
freely pass through the die cavity on either side of the green part. However, utilizing such an
arrangement, the features on the side of the green part must be configured such that the die
parts may slide over them to release the green part. Not only does this requirement dictate
limitations on the shape of the green part but, furthermore, the die parts sliding over the green
part introduce friction against the part that might damage the part.

[0005] A process and apparatus is needed for use in a pressing operation, whereby the
shape of the green part is not subjected to release from the die by sliding through the die or
by having die parts slide over the part.
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SUMMARY OF THE INVENTION

[0006] In one embodiment, a die for use with a uni-axial press for forming a compressed
part from powder has top and bottom outer surfaces and a cavity extending therethrough
along a pressing axis. The cavity is made up of a die chamber having walls with ends
defining the shape of the part in the compressed state and a pressing bore extending from
each end of the die chamber. The die is comprised of at least two separable die parts with
parting surfaces and, a substantial portion of the parting surfaces is non-perpendicular to the
pressing axis.

[0007] In another embodiment, a die for use with a uni-axial press for forming a
compressed part from powder has top and bottom outer surfaces and a cavity extending
therethrough along a pressing axis. The cavity is made up of a die chamber having walls with
ends defining the shape of the part in the compressed state. The die is comprised of at least
two separable die parts, wherein each die part is adapted to move only in a direction other
than parallel to the pressing axis. Each die part has a chamber segment which, together with
the other chamber segment(s), define the die chamber and parting line surfaces within the
chamber segment which, in the assembled die, contact adjacent parting line surfaces within
the chamber segment of the one or more other die parts to surround and define the die
chamber. The chamber wall has at least one portion that forms a positive angle with the
pressing axis and at least one other portion that forms a negative angle with the pressing axis.
[0008] In yet another embodiment, a die for use with a uni-axial press for forming a
compressed part from powder has a pressing bore extending therethrough along a pressing
axis. The die is comprised of at least two separable die parts. Each die part has: a) a chamber
segment which together with the other chamber segment(s) define a die chamber having a
chamber wall; b) a pressing bore segment which together with the other pressing bore
segment(s) define the pressing bore extending from opposing ends of the chamber through
the die outer surfaces; and ¢) parting line surfaces adjacent to the chamber segment which, in
the assembled die, contact parting line surfaces of other chamber surface(s) to assemble the
die. The chamber wall has at least one of either a concave or convex surface along a plane
non-perpendicular with the pressing axis and, wherein at least one point along the surface
between the ends of the surface has a tangent parallel to the pressing axis.

[0009] In still another embodiment, a uni-axial press for forming a part from compressed

powder is comprised of a) a die having at least two separable die parts that in the assembled
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state define a die chamber therein and a pressing bore along a pressing axis extending from
opposing ends of the chamber through the die outer surface and b) at least one top ram and at
least one bottom ram movable relative to one another along the pressing axis proximate to the
ends of the chamber. The at least two separable die parts each have a chamber part which
together define the die chamber and, wherein the die parts are movable between an assembled
state and a separated state in directions that are non-parallel to the pressing axis.

[0010] In yet another embodiment, a method for making a part from powder using a uni-
axial press comprises the steps of a) with a die having at least two separable die parts that, in
the assembled state, define a die cavity with a die chamber therein and a pressing bore along
a pressing axis extending from opposing sides of the chamber through the die outer surface,
positioning the die parts together in the assembled state and b) filling the die and the pressing
bores with powder. Furthermore, using at least one top ram and at least one bottom ram
movable relative to one another along the pressing axis proximate to the chamber;
compressing the powder to within the region of the chamber is compressed with each
separable die part having a chamber part which together define the die chamber, spacing
apart the top and bottom rams from each other and separating the die parts in a direction non-
parallel to the pressing axis to release the part.

[0011] In yet another embodiment, an article is formed using a uni-axial press motion
having a die with a cavity extending therethrough along a pressing axis, wherein the cavity is
made up of a chamber and a pressing bore on each side of the chamber with a top ram and a
bottom ram independently movable along the pressing axis within the cavity. The article is
formed by the steps of a) with a die having at least two separable die parts that in the
assembled state define a die chamber therein and a pressing bore along a pressing axis
extending from opposing sides of the chamber through the die outer surface, positioning the
die parts together in the assembled state; b) filling the die and the pressing bores with
powder; ¢) using at least one top ram and at least one bottom ram movable relative to one
another along the pressing axis proximate to the chamber; compressing the powder to within
the region of the chamber; and d) with each separable die part having a chamber part which
together define the die chamber, spacing apart the top and bottom rams from each other and
separating the die parts in a direction non-parallel to the pressing axis to release the part.
[0012] In yet another embodiment, an article is comprised of compacted powder, wherein
the article has a body with a primary axis extending therethrough, wherein the body is formed
through a pressing operation and, wherein the external surface of the body has parting lines in

a direction non-perpendicular to the pressing axis.

(W8]
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a perspective view of a part representing a cutting insert for use in
metalworking operations;
[0014] Fig. 2 illustrates a side view of the part illustrated in Fig. 1;
[0015] Fig. 3 is a schematic of a split case die with top and bottom rams which act in
concert with the split case die;
[0016] Fig. 4 is a schematic of the same elements in Fig. 3 but repositioned to show a “fill”
configuration;
[0017] Fig. 5 is a schematic with the same parts as Fig. 3, but in a configuration illustrating
compression of a part;
[0018] Fig. 6 is a schematic with parts similar to those in Fig. 3, but illustrating the top and
bottom rams slightly removed from the part to provide for decompression;
[0019] Fig. 7 is a schematic of the parts illustrated in Fig. 3, but with the die parts moving
away to illustrate separation;
[0020] Fig. 8 is a schematic of the die parts illustrated in Fig. 3, but configured to eject the
compressed part;
[0021] TFigs. 9 and 10 illustrate one split case die in the assembled state and in the
separated state, respectively, in accordance with the subject invention;
[0022] Fig. 11 illustrates the detail of a single die part from the die of Figs. 9 and 10;
[0023] Fig. 12 illustrates a perspective view of a base plate upon which die parts of a
different die are mounted, wherein the die parts are in the open position;
[0024] Fig. 13 illustrates the perspective view similar to that illustrated in Fig. 12, but with
the die parts in the closed position;
[0025] Figs. 14Aand 14B illustrate a schematic section view of the die in Figs. 12 and 13
in the separated position and in the assembled position.
[0026] TFig. 15 illustrates a perspective view of the underside of a base plate;
[0027] Figs. 16A, 16B and 16C illustrate a schematic of the top view of the base plate
showing different paths the die parts may travel;
[0028] Fig. 17 illustrates die parts in a separated state subsequent to fabricating a complex
part;
[0029] Fig. 18 is an enlarged view of the part shown in Fig. 18;
[0030] Fig. 19 illustrates the die parts in the assembled position to fabricate the complex

part shown in Figs. 17 and 18;
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[0031] Figs. 20A, 20B, 20C and 20D illustrate different internal die chamber shapes to
determine when the use of a split case die is most beneficial; and
[0032] Figs. 21A, 21B and 21C illustrate different arrangements, whereby a core pin may

be used in conjunction with a split case die.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Figs 1 and 2 illustrate a green part 10 that, after sintering, will be a cutting insert.
However, this green part 10 will be discussed as it applies to a split case die. Fig. 3 illustrates
an arrangement showing a die 60 having the die chamber 50 with a shape generally similar to
that of the side view of green part 10 illustrated in Fig. 2. In particular, the green part 10 has
a top surface 12 and a bottom surface 14 with side walls 16, 18, 20 and 22 therebetween.
Sidewall 16 has a generally vertical segment 17A extending from the top surface 12 and an
angled segment 17B extending to the bottom surface 14. Additionally, sidewall 20 has a
generally vertical segment 21A extending from the bottom surface 14 and an angled segment
21B extending to the top surface 12. The green part 10 is symmetric about a centerline 24. 1t
should be noted that the angled segments 17B, 21B of the side walls 16, 20 both overlap the
centerline 24. The green part 10 has an edge 26 and a diametrically opposing edge 28 that,
after sintering, will, be utilized as cutting edges.

[0034]  Attention will now be directed to Fig. 3 showing the die 60 for use with a uni-axial
press for forming a compressed part 10 (Fig. 2) from powder such as metallurgical powder.
As a brief overview, the die 60 has a die cavity 65 made up of a die chamber 50 in which the
compressed green part 10 (Fig. 2) is formed. A first pressing bore 68 is in the die cavity 65
on one side of the die chamber 50, while a second pressing bore 70 is in the die cavity 65 on
the opposite side of the die chamber 50. A top ram 72 is moveable within the first pressing
bore 68 along arrow 71A while a bottom ram 74 is moveable within the second pressing bore
70 along arrow 71B. Each ram is moveable to a compressed position to the edge 52, 54 of
the die chamber 50. With the top ram 72 and the bottom ram 74 extended into the respective
pressing bores 68, 70 the die chamber 50 has a configuration essentially identical to the
configuration of the green part 10.

[0035] It should be noted, however, with respect to Fig. 3, that once the green part 10 is
formed within the die chamber 50, it is essentially captured within the die chamber 50 and
cannot be removed intact without separating the die 60, even with the top ram 72 and the
bottom ram 74 fully withdrawn. However, in accordance with the subject invention, the die

60 is a split case die such that, for example, die part 61 is separate and distinct from die part
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62. The die parts 61, 62 are separated for purposes of this explanation along a parting line 75
aligned with the pressing axis 77. As a result, as illustrated in Fig.7, the die part 61 may be
separated from the die part 62 along, for example, the direction of arrows 58A, 58B, to
provide sufficient clearance for the green part 10 to be easily removed from the die 60.

[0036] While parting line 75 is illustrated as a straight line, the line may also have a non-
straight configuration, depending upon the shape of the desired part and the desire to separate
the die parts without interference.

[0037] Figs. 3-8 will now be discussed with attention directed to the method for making
the green part 10 from powder using a uni-axial press.

[0038] The die 60 has at least two separable die parts 61, 62 that, in the assembled state
(Fig. 3), define the die cavity 65 with the die chamber 50 therein. The first pressing bore 68
extends along the pressing axis 77 from the die chamber 50 through the die upper outer
surface 80. The second pressing bore 70 extends along the pressing axis 77 from the die
chamber 50 through the die lower outer surface 82. Fig. 3 illustrates the die part 61, 62
together in the assembled state. As illustrated in Fig. 4, the bottom ram 74 is moved
upwardly to occupy a portion of the second pressing bore 70. Thereafter, the die cavity 65 is
filled with the appropriate amount of powder 85, such that, when the top ram 72 and the
bottom ram 74 are brought toward one another to the edges 52, 5‘4 of the die chamber 50,
powder 85 is compressed into a configuration of the final green part 10 (Fig. 1).

[0039] It should be appreciated that the top ram 72 and the bottom ram 74 are moveable
relative to one another along the pressing axis 77 proximate to the die chamber 50 and
compress the powder 85 to the volume of the die chamber 50. It is possible to retain the
bottom ram 74 in a fixed position and, to move the die 60 and the top ram 72 downwardly to
produce the fully compressed green part 10.

[0040] Fig. 5 illustrates the top ram 72 and the bottom ram 74 in their fully compressed
position, thereby defining the green part 10.

[0041] Although after the green part 10 is sintered, the resulting part is essentially rigid,
prior to sintering the green part 10 the compressed powder does have some resiliency. As a
result, when the steps for removing the part 10 from the die 60 are initiated, the highly
compressed green part 10 resiliently expands to a neutral state. If this decompression were
permitted to occur in an unencumbered fashion, the green part 10 might become stressed and
cracked. As a result, the top ram 72 and the bottom ram 74, after the green part 10 is fully
compressed (Fig. 5), are moved slightly apart, as illustrated in Fig. 6, to permit the green part

10 to decompress but only to a predetermined amount, as illustrated by the top gap 87
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associated with the top ram 72 and the bottom gap 90 associated with the bottom ram 74.
These gaps 87, 90 provide partial volume relief to the part 10, thereby permitting controlled
decompression. The green part 10 expands to generally fill these newly generated gaps 87,
90. Thereafter, as illustrated in Fig. 7, the die parts 61, 62 are separated laterally from one
another to provide sufficient clearance for the green part 10 to be removed from what was the
die cavity 65. It should be noted that, as illustrated in Fig. 7, the die part 61 moves relative to
the die part 62 in a direction non-parallel to the pressing axis 77 to release the green part 10.
As illustrated in Fig. 8, the die parts 61, 62 displaced a sufficient amount relative to the part
10 such that the green part 10 is free from the die 60 and may be thereafter removed.

[0042] As illustrated in Fig. 5, the die parts 61, 62 are assembled together, to create a die
chamber 50 which captures the green part 10 so that it is immovable within the die cavity 65.

[0043] What has so far been described is the method of compressing powder 85, such as
metallurgical powder, to provide a compressed green part 10. However, the manner by
which the die parts 61, 62 (Fig.6) are compressed and assembled will now be illustrated.
Figs. 9-11 illustrate a circular die 60 made up of a first die part 61, second die part 62, third
die part 63 and fourth die part 64. For purposes of this discussion, each die part is identical
and is comprised of a 90 degree portion of the cylindrical die 60. However, as will be
discussed, one or more die parts may also be different to accommodate the desired shape of a
part. A top ram (not shown) and a bottom ram (not shown) travel within the die cavity 65
along the pressing axis 77. The die 60 has a top outer surface 80 and a bottom outer surface
82 and the die cavity 65 extending therethrough along the pressing axis 77. The cavity 65 is
made up of a die chamber 50 having walls with edges 52, 54 defining the shape of a green
part 10 in the compressed state. The die cavity 65 also has a first pressing bore 68 extending
from one edge 52 of the die chamber 50 to the upper outer surface 80 and a second pressing
bore 70 extending from one edge 44 of the die chamber 50 through the lower outer surface
82. Directing attention to Fig. 10, each of the die parts 61, 62, 63, 64 has a pair of parting
surfaces 61A, 61B, 62A, 62B, 63A, 63B, 64A, 64B. The parting surfaces of adjacent die
parts abut against one another to form the assembled cylindrical die 60, illustrated in Fig. 9.
It should be noted that the parting surfaces are not perpendicular to the pressing axis 77 so
that the die parts 61, 62, 63, 64 may move apart in a direction other than parallel to the
pressing axis 77, thereby avoiding damage to the green part 10 when the shape of the green
part 10 is such that the die parts 61, 62, 63, 64 could not be released with motion along the
pressing axis 77. As a result, the die parts 61, 62, 63, 64 must move in a direction non-

perpendicular to the pressing axis 77 to release the green part 10. Such a motion provides
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great flexibility in pressing a desired shape into a green part 10 and releasing the green part
10 from the die without sliding the die against the green part 10 or damaging any
overhanging or under hanging projection on the green part 10 that would result if the green
part 10 was ¢jected along the pressing axis 77.

[0044] Each die part 61, 62, 63, 64 has a die chamber portion with opposing pressing bore
portions. As an example, directing attention to die portion 62, which is representative of the
other die portions 61, 63, 64, a die chamber portion 50A is surrounded by a first pressing bore
portion 68A and a second pressing bore portion 70A. The chamber portions 50A, 50B, 50C,
50D together define the die chamber 50.

[0045]  Although, for illustrative purposes, Figs. 9-11 have illustrated four die parts 61, 62,
63, 64 essentially identical in shape with identical cavity portions 50A, it should be
appreciated that, depending upon the desired configuration of the green part 10, there may be
two or more die parts and the pressing bore portions and the cavity parts of each die portion
may be substantially different to accommodate not only the shape of the green part 10 but,
furthermore, to provide for the most efficient manner of loading the die cavity with powder
and, furthermore, for releasing the green part 10 from the die.

[0046] Figs. 9-11 have been presented to show the operation of the die parts 61, 62, 63, 64
and it should be appreciated that the cavity 50, the first pressing bore 68 and the second
pressing bore 70 have been drawn in schematic only to illustrate their operation. The shape of
the die cavity 50, the first pressing bore 68 and second pressing bore 70 may be any number
of different geometries intended to accommodate the shape of the green part 10 intended to
be produced. Also, while the die parts 61, 62, 63, 64 have been illustrated as four identical
pieces of a cylinder, depending upon the desired shape of the green part 10, there may be as
few as two die parts and each die part may have a completely different configuration limited
only by the fact that the die par{s must be able to move apart freely to release the compressed
green part 10.

[0047] Although the die parts 61, 62, 63, 64 fit together closely, as a result of
manufacturing tolerances, when the green part 10 is compressed, there will be parting line
marks imparted to the external surface of the green part 10. Figs. 5-8 show such a parting
line mark 30. While this mark 30 is shown as straight, the contour of this mark 30 is
dependent upon the mating pattern of the die parts. Additionally, depending upon the
manufacturing tolerances, the parting line mark may not be easily visible with the naked eye.

Additionally, the parting line mark 30 extends around the entire green part 10. However,
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when the parting line mark 30 is located along a corner or an edge of the green part 10, it may
be difficult to discern.

[0048] So far, schematics have been used to describe the subject invention. Figs. 12-14
illustrate actual hardware used to achieve one embodiment of the method and apparatus. For
purposes of distinction, similar parts of the apparatus will be incremented by 100 from the
reference numbers used to discuss the previous figures

[0049] Figs. 12-14 illustrate a uni-axial press 200 without the top and bottom rams
illustrated. The uni-axial press 200 is used for forming a green part (not shown) from
compressed powder. The press 200 is comprised of a base 205 having a floor 210 used to
support a die 160 made up of die parts 161, 162, 163, 164, which are shown in their separated
state in Fig. 12 and shown in their assembled state in Fig. 13. The method for producing a
green part 10 is the same as that method previously discussed using the schematic figures,
however, as can be seen in Figs. 12 and 13, the die cavity 165 has a substantially different
shape for the purposes of producing a differently shaped part.

[0050] Nevertheless, the die parts 161, 162, 163, 164 are secured to the base 205 but are
also permitted to slide upon the base 205 between the separated state (Fig. 12) and the
assembled state (Fig. 13).

[0051] Directing attention to Fig. 12, the die parts 161, 162, 163, 164 are biased to the
separated position. In particular, each die part 161, 162, 163, 164 has associated with it a
spring mechanism 215 and, for purposes of discussion, the spring mechanism 215 associated
with die part 161 will be discussed with the understanding that this spring mechanism and its
operation is identical for the remaining die parts 162, 163, 164.

[0052] The first end 217 of a cable 218 is attached to the die part 161, while a second end
219 of the cable 218 is connected to a tensioning bolt 220 slideably secured within a bracket
222. The bracket 222 is firmly secured to the base 205 using fasteners 225, such as bolts.
The bolt 220 is biased by a compression spring 227 to maintain the cable 218 in tension. In
particular, the bolt 220 has a bolt head 221 that is engaged by the compression spring 227,
whereby, as seen in Fig. 12, the bolt 220 is urged to the right. The cable 218 extends radially
from the die part 161 and wraps around a pivot pin 229. The second end 219 of the cable 218
is attached to the tensioning bolt 220. The spring mechanism 215 associated with each die
part 161, 162, 163, 164 acts to bias each die part to the separated position. While the spring
mechanism 215 has been discussed as one embodiment for separating the die parts, other

mechanisms, such as hydraulic cylinders, may also be used.
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[0053] Fig. 13 illustrates the die parts 161, 162, 163, 164 in the assembled position clearly
defining the die cavity 165 and compressing the compression spring 227 by pulling the cable
218 with the die part 161 into the assembled position. As clearly illustrated in Fig. 13, the
profile of the side surface 167 of the die 160 is conical, such that the side surface 167 of the
die parts 161, 162, 163, 164 in the assembled state form a die cone 173.

[0054] Fig. 14A illustrates the die 160 with the conical side surfaces 167 and, furthermore,
illustrates a retainer 270 having an interior surface 272 with a recessed cone 274, wherein the
recessed cone 274 has a shape corresponding to the die cone 173 such that the retainer 270
captures the conical die parts 161, 162, 163, 164 and secures them together in the assembled
state, as illustrated in Fig. 14B, and as illustrated without the retainer 270 in Fig. 13.

[0055] TFig. 14B illustrates a cone angle X between the centerline 275 of the die 160 and
the side surfaces 167 of the die cone 173 and between the centerline 275 of the die 160 and
the interior surface 272 of the recessed cone 274 of the retainer 270. The cone angle X
between each of the die cone 273 and the recessed cone 274 may form a Morse taper, which
is a low angle taper which results in a self-sticking friction connection between the die cone
173 and the recessed cone 274. A taper of approximately 5/8 inch/foot is considered to be a
Morse taper. The cone angle X, for each of the die cone 173 and the recessed cone 274, may
be between 10 and 20 degrees.

[0056] In order to move the retainer 270 down over the die 160 to position the die 160
from the separated state to the assembled state, the recessed cone 274 is placed over the die
cone 173, such that the interior surface 272 of the recessed cone 274 urges the side surfaces
167 of the die cone 173 radially inwardly. To achieve this, it is necessary for the retainer 270
to be moved against the die cone 173 with a force sufficient to overcome the bias of the
spring mechanism 215 (Fig. 12) associated with each of the die parts 161, 162, 163, 164. A
drive mechanism (not shown) displaces the retainer 270 to position the die parts 161, 162,
163, 164 from the separated position to the assembled position. The drive mechanism may
be one or more hydraulic cylinders (not shown).

[0057] Fig. 14A shows the retainer 270 spaced a significant vertical distance from the die
160. In actuality, however, the separation of the die parts 161, 162, 163, 164 need only be a
sufficient amount to permit the green part (not shown) to be released from the die cavity 165.
Any greater separation is unnecessary and may be undesirable. Therefore, in order to control
the degree of separation of the die parts 161, 162, 163, 164, the vertical motion of the retainer
270 is closely controlled. In particular, and with respect to Fig. 14B, restrictor bolts 280
extend through bores 282 and through the retainer 270. The restrictor bolts 280 extend into a

10
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foundation plate 284 which may be the base 205 (Fig. 13). Nuts 286 may be secured to the
ends of the restrictor bolts 282 to restrict the bolt motion relative to the foundation plate 284.
However, the restrictor bolts 280 are elongated and have a bolt head 281 slightly spaced from
the top surface 289 of the retainer 270. As a result, as the retainer 270 is moved upwardly,
the spring biased die parts 161, 162, 163, 164 (Fig. 13) are urged radially outwardly, but only
the amount permitted by the vertical motion of the retainer 270, which itself is limited by the
gap g between the top surface 289 of the retainer 270 and the bottom surface 288 of each bolt
head 281. Spacers 295 may be placed between the nuts 286 and the foundation plate 284 to
limit the degree to which the retainer 270 may move and, as a result, to limit the degree to
which the die parts 161, 162, 163, 164 may move laterally to a separated state.

[0058] When the die parts 161, 162, 163, 164 are assembled to form the die chamber 150,
the die parts will mate and form parting lines on the wall of the die chamber 150. These
parting lines produce a groove in the die chamber 150. The groove produced by these parting
lines will be imparted to the green part as parting line marks and, depending upon the
precision with which the die parts 161, 162, 163, 164 mate in the region of the die chamber
150, these parting line marks will be more prominent or less prominent. However, they will
always exist to some degree.

[0059] The green part 10 illustrated in Fig. 1 may be fabricated utilizing the uni-axial press
200 with the die cavity 165 illustrated in Figs. 12 and 13. As seen in Figs. 12 and 13, the die
parts 161, 162, 163, 164 move back and forth from the separated position to the assembled
position along a radial path, for example, path 287 associated with die part 161 illustrated in
Fig. 12. Die part 161, just as the remaining die parts 162, 163, 164, moves within the radial
path 287 (Fig. 12) along a bearing 285 defined by a guide slot 290 (Fig. 12) extending within
the base 205 of the uni-axial press 200. As illustrated in Fig. 12, the guide slot 290 is
oriented radial to pressing axis 277 through the base 205, just as the remaining guide slots
291, 292, 293 are radial to the pressing axis 277 to guide die parts 162, 163, 164,
respectively.

[0060] It should be noted that the base 205 is a stand-alone part having guide pins 294A,
294B, 294C, 294D that fit within predefined bores within the uni-axial press 200. The base
205 is interchangeable with other bases that may contain other dies so that the same uni-axial
press 200, depending upon the base mounted upon that uni-axial press 200, may be used to
fabricate different parts for a variety of different cutting tools.

[0061] Fig. 15 illustrates the bottom of the base 205 with evacuation slots 296A, 296B,
296C, 296D through which residual powder may fall to keep the base 205, the spring

11
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mechanism 215, the bearings 285 and the external surfaces of the die parts 161, 162, 163, 164
free of excess powder that may detract from the proper opening and closing of the die parts
161, 162, 163, 164.

[0062] A primary goal in the design of the path a particular die part follows from the
assembled state to the separated state, is to separate the die part from the green part after
compression in a manner that does not disturb the green part. In particular, using the split
case die in accordance with the subject invention, a multitude of shapes may be imparted to a
part, even shapes with undercuts and an appropriate die part configuration for that die part
may be established to eliminate interference between the die part and the part during
separation. A term of art used to describe this interference is backdraft.

[0063] Figs. 16A, 16B, 16C illustrate different paths that a die part might follow when
being separated from a part to avoid backdraft. In particular, with respect to Fig. 16A, guide
slots 297A, 297B, 297C, 297D are positioned to define an offset radial straight path. These
configurations would be imparted to the guide slots 290, 291, 292, 293, illustrated in Fig. 15,
for a particular base.

[0064] Directing attention to Fig. 16B, guide slots 298A, 298B, 298C, 298D illustrate a
non-linear curved path that the die parts might follow to release a green part. Finally,
directing attention to Fig. 16C, it is not necessary for the path of one guide slot, such as
299A, to resemble that path for another guide slot, such as 299B. Fig. 16C illustrates the
variety of different paths with guide slots 299A, 299B, 299C, 299D that may be selected to
release a die portion from a green part without imparting backdraft to the green part.

[0065] The split case die in accordance with the subject invention comprises die parts
which move in a direction different than that from the pressing axis and, by doing so, allows
a part to be shaped into geometries not previously available through a pressing operation. In
the past, injection molding ‘techniques were utilized or pressing techniques were utilized
where, after the initial pressing operation, the part required extensive grinding to arrive at the
final shape. Through the split case die used with the uni-axial press described herein, part
shapes not previously available by a pressing operation, may now be produced.

[0066] What has so far been described is the hardware associated with the fabrication of
the green part 10 illustrated in Figs. 1 and 2, utilizing the split case die uni-axial press in
accordance with the subject invention.

[0067] It is possible with such a split case die to fabricate green parts having complex
surfaces on any side. Directing attention to Figs. 17 and 18, a die 360 is comprised of die

parts 361, 362, 363, 364, which in the instance illustrated in Figs. 17 and 18, are moveable in
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a direction radial to the pressing axis 377. A top ram 372 represented only by the end of the
top ram and a bottom ram 374 move relative to one another along the pressing axis 377. In
the assembled state (Fig. 20), the die parts 361, 362, 363, 364, the top ram 372 and the
bottom ram 374 define the die chamber 350 which has a shape identical to the green part 310
formed during the pressing operation. Green part 310, better illustrated in Fig. 18, is made up
of a top surface 312, a bottom surface 314 and side walls 316, 318, 320, 322 therebetween. A
typical side wall 322 is comprised of a pair of primary cutting edges 380A, 384A and
secondary cutting edges 382A, 386A adjacent thereto. For this particular green part 310,
each side has such a cutting edge arrangement and, as a result, the primary cutting edge 380B
and secondary cutting edge 382B, associated with sidewall 316, provide a projection 388
extending from a recessed plateau or seating pad 390, which is the innermost portion of side
wall 322. Diametrically opposed to projection 388 is another projection 392 associated with
cutting edges on the opposite side of the green part 310. This combination of recessed
surfaces and projections provides a geometry that is ideally suited for the split case die uni-
axial press in accordance with the subject invention. In particular, returning to Fig. 17 and
directing attention to die part 364, the face 395 of the die part 364 has a contour essentially
identical to the contour of the side wall 322. For purposes of explaining, the die face 396
associated with die part 363, will be utilized with the understanding that these two faces 395,
396 are identical.

[0068] For purposes of explanation, die face 396 (Fig. 17) will be discussed in conjunction
with side wall 322 (Fig. 18) of the green part 310. For at least green part 310, all four sides
are identical and the view of side 322 is more revealing than the view of side 320. The die
face 396 (Fig. 17) has a seating pad projection 399 used to form the seating pad 390 (Fig. 18)
and has additional surfaces that are reflected from examination of the side wall 322. Fig. 20
illustrates the green part 310 with the side walls 316, 322 within the die chamber 350 to form
the green part 310. The face 395 of die part 364 and the face 398 of die part 361, define the
contour of the side wall 322, 316 of the green part 310. It can be appreciated with respect to
Fig. 19, that the green part 310 is immovable along pressing axis 377 within the die chamber
350 even with the top ram 372 and bottom ram 374 removed because it is captured by the die
parts 361, 362, 363, 364 (Fig. 17) and may only be released by a motion of each die part 361,
362, 363, 364 that is nonparallel to the pressing axis 377. The green part 310 would not
tolerate any relative motion that is entirely parallel to pressing axis 377. Fig. 17 illustrates

the direction of the displacement required to release the part during this pressing operation.
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[0069] Depending upon the geometry of the die chamber, a split case die may be required
to press a certain green part. Directing attention to Fig. 20A, a die chamber 450 having an
open end 452 with no restrictions would not require a split case die because the green part
may be urged in the direction of arrow 454 along the pressing axis 477 to eject the green part
410 from the die 460. Fig. 20B, although relatively simple, illustrates a configuration ideal
for a split case die pressing operation. The wall 553 of the die chamber 550 has at least one
portion 554 that forms a positive angle Y with the pressing axis 577 and at least one other
portion 555 that forms a negative angle Z with the pressing axis 577. The combination of
surfaces with these angles defines a green part that is captured by the die chamber 550 and
cannot be safely removed from the die chamber 550 without laterally displacing the die parts
of the split case die.

[0070] While the arrangement illustrated in Fig. 20B is a fairly simple configuration, the
features illustrated may be applied to much more complex arrangements suitable for
fabrication using a split case die pressing operation.

[0071] In Fig. 20B, the die chamber 550 includes a restriction 552 that would prevent the
green part 510 from being axially displaced along the pressing axis 577 to displace the green
part 510. Therefore, a die having a die chamber 550 is ideal for the split case die in
accordance with the subject invention.

[0072] Directing attention to Fig. 20C, the die chamber 650 includes a bellows shaped wall
652 that captures the green part 610 and does not permit movement of the part along the
pressing axis 677. Fig. 20C illustrates another configuration ideal for a split case die pressing
operation. The wall 662 of the die chamber 650 has a concave surface 663 along a plane
non-perpendicular to the pressing axis 677. At least one point 665 along the surface 663
between the ends 666, 668 of the surface 663 have a tangent parallel to the pressing axis 677.

[0073] In the alternative, the wall 662 of the die chamber 650 may have a convex surface
683 along a plane non-perpendicular to the pressing axis 677. At least one point 685 along
the surface 683 between the ends 686, 688 of the surface 663 have a tangent parallel to the
pressing axis 677.

[0074]  Fig. 20D illustrates yet another die chamber 750, which is capable of imparting to
the green part 710 threads of a spiral flute 712. This arrangement also is ideally suited for the
split case die in accordance with the subject invention.

[0075] What has so far been discussed, is the fabrication of a green part having unique
surface features which are most efficiently formed utilizing a uni-axial press and a split case

die as described herein.
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[0076] United States Patent No. US 6,986,866 assigned to the Assignee of the present
application, entitled “Method and Apparatus for Cross-Hole Pressing To Produce Cutting
Inserts” is hereby incorporated by reference and describes a method and apparatus for
imparting to a green part, a cross-hole extending through the part in a direction nonparallel to
the pressing axis. However, this patent describes the use of a solid unified die for producing
such a cross-hole.

[0077] In another embodiment of the subject invention, a cross-hole may be imparted to a
green part in conjunction with the use of a split case die to provide not only the unique
surface features available using a split case die but, furthermore, to provide a hole extending
through the green part along an axis different from the pressing axis.

[0078] Fig. 21A illustrates a die 860 having a die part 861 and an opposing die part 862. A
bore 890 extending through the die parts 861, 862 is suitable to accept a cross pin 8§92 within
the die part 861 and a cross pin 893 within the die part 862. In the assembled state, these
cross pins 892, 893 contact each other within the die chamber 850, such that when the die
parts 861, 862 are assembled and the cross pins 892, 893 are contacting one another, the die
cavity 860 may be filled with powder and, upon pressing, the green part (not shown) will
have a bore extending therethrough in a direction nonparallel to the pressing axis 877, which
as illustrated in Fig. 21A is into the page. In the arrangement illustrated in Fig. 21A, the die
part 861 and the die part 862 are moveable along arrows 894, 895, which is the same
direction the cross pins 892, 893 move. Note the cross pins 892, 893 are not limited to
motion parallel with the die parts 861, 862.

[0079] Directing attention to Fig. 21B, die parts 961, 962, 963, 964 of die 960 are
moveable in a radial direction indicated by arrows 994, 995, 996, 997 which extend radially
from the pressing axis 977 which is into the page. Cross pins 992, 993 may be positioned
within indentations 970, 971, 972, 973 found in die parts 970, 971, 972, 973, respectively,
which would accommodate cross pins 992, 993 when the die 960 is in the assembled state.
The cross pins 992, 993 contact within the die chamber 950. Thereafter, when the die
chamber 950 is filled with powder and that powder is compressed to form a green part, the
green part will have the cross bore imparted by the cross pins 992, 993. It should be noted
that in Fig. 21B, the cross pins 992, 993 move in a direction along arrows 998 and 999, which
is different than the direction of the die parts specified by arrows 994, 995, 996, 997.

[0080] Directing attention to Fig. 21C, unlike Fig. 21B, where indentations 970, 971, 972,
973 were placed within the wall of each die part 961, 962, 963, 964, die 1060 is comprised of
die parts 1061, 1062, 1063, 1064 moveable along arrows 1094, 1095, 1096, 1097. However,
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the cross pins 1092, 1093 which move together to mate within the die chamber 1050 radial to
the pressing axis 1077, which is into the page, extend through bores 1080, 1082 within die
part 1063, 1064 in a direction along arrows 1098, 1099 different from the direction specified
by arrows 1094, 1095, 1096, 1097. Once again, in the assembled state, the die chamber 1050
is filled with powder and compressed such that the green part has a bore extending
therethrough along an axis different from the pressing axis 1077.

[0081] While specific embodiments of the invention have been described in detail, it will
be appreciated by those skilled in the art that various modifications and alternatives to those
details could be developed in light of the overall teachings of the disclosure. The presently
preferred embodiments described herein are meant to be illustrative only and not limiting as
to the scope of the invention which is to be given the full breadth of the appended claims and

any and all equivalents thereof.
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THE INVENTION CLAIMED IS

1. A die for use with a uni-axial press for forming a compressed part from
powder, wherein the die has top and bottom outer surfaces and a cavity extending
therethrough along a pressing axis, wherein the cavity is made up of a die chamber having
walls with ends defining the shape of the part in the compressed state and a pressing bore
extending from each end of the die chamber and wherein the die is comprised of at least two
separable die parts with parting surfaces and, wherein a substantial portion of the parting

surfaces is non-perpendicular to the pressing axis.

2. The die according to claim 1, wherein at least two of the parting lines
of opposing die parts, when viewed along the pressing axis, are parallel to but not collinear

with one another.

3. The die according to claim 1, wherein when viewed along the pressing

axis, the chamber walls of at least two die parts have different profiles.

4. The die according to claim 1, further comprising a removable core rod
insertable within the die chambers in a direction non-parallel to the pressing axis to define a

core bore through the chamber.

5. The die according to claim 1, wherein the side wall of the die has a

conical shape.

6. A die for use with a uni-axial press for formfhg a compressed part from
powder, wherein the die has top and bottom outer surfaces and a cavity extending
therethrough along a pressing axis, wherein the cavity is made up of a die chamber having
walls with ends defining the shape of the part in the compressed state and, wherein the die is
comprised of at least two separable die parts, wherein each die part is adapted to move only
in a direction other than parallel to the pressing axis and, wherein each die part has:

a) a chamber segment which together with the other chamber segment(s)

define the die chamber;
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b) parting line surfaces within the chamber segment which, in the
assembled die, contact adjacent parting line surfaces within the chamber segment of the one
or more other die parts to surround and define the die chamber; and

c) wherein the chamber wall has at least one portion that forms a positive
angle with the pressing axis and at least one other portion that forms a negative angle with the

pressing axis.

7. The die according to claim 6, wherein at least two of the parting lines
of opposing die parts, when viewed along the pressing axis, segments are parallel to but not

collinear with one another.

8. The die according to claim 6, wherein when viewed along the pressing

axis, the chamber walls of at least two die parts have different profiles.

9. The die according to claim 6, further comprising a removable core rod
insertable within the die chamber in a direction non-parallel to the pressing axis to define a

core bore through the chamber.

10.  The die according to claim 6, wherein the top outer surface of the die

has a conical shape.

11.  The die according to claim 6, wherein the chamber further includes
two opposing ends and, wherein the cavity has a first pressing bore and a second pressing
bore, each pressing bore extending along the pressing axis from opposite ends of the die

chamber and extending through the top and bottom outer surfaces.

12. A die for use with a uni-axial press for forming a compressed part from
powder, wherein the die has a pressing bore extending therethrough along a pressing axis
and, wherein the die is comprised of at least two separable die parts, wherein each die part
has:

a) a chamber segment which together with the other chamber segment(s)

define a die chamber having a chamber wall;
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b) a pressing bore segment which together with the other pressing bore
segment(s) define the pressing bore extending from opposing ends of the chamber through
the die outer surfaces;

c) parting line surfaces adjacent to the chamber segment which, in the
assembled die, contact parting line surfaces of other chamber surface(s) to assemble the die;
and

d) wherein the chamber wall has at least one of either a concave or
convex surface along a plane non-perpendicular with the pressing axis or, wherein at least
one point along the surface between the ends of the surface has a tangent paralle]l to the

pressing axis.

13.  The die according to claim 12, wherein at least two of the parting lines
of opposing die parts, when viewed along the pressing axis, are parallel to but not collinear

with one another.

14.  The die according to claim 12, wherein when viewed along the

pressing axis, the chamber walls of at least two die parts have different profiles.

15. The die according to claim 12, further comprising a removable
core rod insertable within the die chambers in a direction non-parallel to the pressing axis to

define a core bore through the chamber.

16.  The die according to claim 12 wherein the top outer surface of the die

has a conical shape.

17.  The die according to claim 12, wherein the chamber further includes
two opposing ends and, wherein the cavity has a first pressing bore and a second pressing
bore, each pressing bore extending along the pressing axis from opposite ends of the die

chamber and extending through the top and bottom outer surfaces.

18. A uni-axial press for forming a part from compressed powder, wherein

the press is comprised of:
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a) a die having at least two separable die parts that in the assembled state
define a die chamber therein and a pressing bore along a pressing axis extending from
opposing ends of the chamber through the die outer surface;

b) at least one top ram and at least one bottom ram movable relative to
one another along the pressing axis proximate to the ends of the chamber; and

c) wherein the at least two separable die parts each have a chamber part
which together define the die chamber and, wherein the die parts are movable between an

assembled state and a separated state in directions that are non-parallel to the pressing axis.

19.  The uni-axial press according to claim 18, wherein the die moves in a

direction that is radial to the pressing axis.

20.  The uni-axial press according to claim 18, wherein the die moves in a

direction along a path offset from the pressing axis.

21.  The uni-axial press according to claim 18, wherein the die moves in a

direction that is linear.

22.  The uni-axial press according to claim 18, wherein the die moves in a

direction that is non-linear.

23.  The uni-axial press according to claiml8, wherein the die has a
chamber wall that defines a volume having a shape that captures a formed part so that it is
immovable within the assembled die.

24, The uni-axial press according to claim 23, wherein parting line surface
adjacent to the chamber part, in the assembled die, contact adjacent parting line surfaces of
other chamber part(s) to surround the chamber and wherein the parting line surfaces are

oriented to form a non-perpendicular angle with the pressing axis.
25. The uni-axial press according to claim 23, wherein the chamber wall

has a portion that forms a positive angle with the pressing axis and another portion that forms

a negative angle with the pressing axis.
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26.  The uni-axial press according to claim 23, wherein the chamber wall
has at least one of either a concave or convex surface along a plane non-perpendicular with
the pressing axis or, wherein at least one point along the surface between the ends of the

surface has a tangent parallel to the pressing axis.

27.  The uni-axial press according to claim 18, wherein the side surfaces of

the dies parts in the assembled state form a die cone.

28.  The uni-axial press according to claim 27, further comprising a retainer
having an interior surface with a recessed cone having a shape corresponding to the die cone,
such that the retainer captures the conical die parts and secures them together in the

assembled state.

29.  The uni-axial press according to claim 28, wherein the cone angle

between each of the die cones and the recessed cone forms a Morse taper.

30.  The uni-axial press according to claim 28, wherein the cone angle for

each of the die cones and the recessed cone is between 10-20 degrees.

31.  The uni-axial press according to claim 18, further including a base
which supports the die parts and permits sliding motion of the dies parts between the

assembled and the separated states.

32.  The uni-axial press according to claim 31, wherein the base containing
the die parts is interchangeable with other bases such that the press may be utilized to
fabricate parts of different shape by changing the base.

33.  The uni-axial press according to claim 31, further including a drive

mechanism for moving the die parts between the assembled state and the separated state.
34,  The uni-axial press according to claim 33, wherein the drive

mechanism for moving the dies parts to the assembled state is one or more hydraulic

cylinders.
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35. The uni-axial press according to claim 33, wherein the drive
mechanism for moving the die parts to the separated state is a set of springs to bias the die

parts to the separated position.

36.  The uni-axial press according to claim 33, further including spacers to

limit the degree to which the die parts may move to the separated state.

37.  The uni-axial press according to claim 18, further comprising a
removable core rod insertable to define a core bore through the chamber in a direction non-

parallel to the pressing axis.

38.  The uni-axial press according to claim 18, wherein the uni-axial press

is a multi-platen press.

39. A method for making a part from powder using a uni-axial press,
wherein the method comprises the steps of:

a) with a die having at least two separable die parts that in the assembled
state define a die cavity with a die chamber therein and a pressing bore along a pressing axis
extending from opposing sides of the chamber through the die outer surface, positioning the
die parts together in the assembled state;

b) filling the die and the pressing bores with powder;

c) using at least one top ram and at least one bottom ram movable relative
to one another along the pressing axis proximate to the chamber; compressing the powder to
within the region of the chamber; and

d) with each separable die part having a chamber part which together
defines the die chamber, spacing apart the top and bottom rams from each other and

separating the die parts in a direction non-parallel to the pressing axis to release the part.
40. The method of making a part according to claim 39, wherein after the

powder is compressed and before part is released, compression on the part is relieved to

provide partial volume relief to the part.
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4]1.  The method of making a part according to claim 40, wherein the partial
volume relief to the part is provided by spacing apart by a small amount the top and bottom

rams to decompress the part prior to release of the part.

42.  The method of making a part according to claim 40, wherein the

distance the die parts can travel is limited.

43, The method according to claim 39, wherein the die moves in a

direction that is radial to the pressing axis.

44, The method according to claim 39, wherein the die moves in a

direction that is offset from the pressing axis.

45.  The method according to claim 39, wherein the die moves in a

direction that is linear.

46. The method according to claim 39, wherein the die moves in a

direction that is non-linear.

47.  The method according to claim 39, wherein the assembled die captures

the part so that it is immovable within the die cavity.
48.  The method according to claim 39, wherein a retainer having an
interior with a recessed cone having a shape corresponding to the die cone is urged over the

conical die parts of the die cone to secure the conical die parts together in an assembled state.

49.  The method according to claim 48, wherein the step of urging the die

cone over the conical die parts is performed using hydraulic cylinders.

50.  The method according to claim 49, further including the step of urging

the die parts apart after the part has been formed to release the part.
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51.  The method according to claim 39, wherein the steps of positioning the
die parts in the assembled and separated states are performed by sliding the die parts along a

predetermined path in a base plate.

52.  The method according to claim 51, further comprising the step, prior to
the step of filling the die chamber, of placing within the uni-axial press any particular base
plate with a particular die set to permit the fabrication of different parts using the same uni-

axial press.

53.  The method according to claim 39, further comprising the step of
inserting a removable core rod within the chamber to define a core bore through the chamber

in a direction non-parallel to the pressing axis.

54.  An article formed using a uni-axial press motion having a die with a
cavity extending therethrough along a pressing axis, wherein the cavity is made up of a
chamber and a pressing bore on each side of the chamber with a top ram and a bottom ram
independently movable along the pressing axis within the cavity, wherein the article is
formed by the steps of:

a) with a die having at least two separable die parts that in the assembled
state define a die chamber therein and a pressing bore along a pressing axis extending from
opposing sides of the chamber through the die outer surface, positioning the die parts together
in the assembled state;

b) filling the die and the pressing bores with powder;

c) using at least one top ram and at least one bottom ram movable relative
to one another aloné the pressing axis proximate to the chamber; compressing the powder to
within the region of the chamber; and

d) with each separable die part having a chamber part which together
defines the die chamber, spacing apart the top and bottom rams from each other and

separating the die parts in a direction non-parallel to the pressing axis to release the part.

55.  The article according to claim 54, wherein after the powder is
compressed and before the part is released, compression on the part is relieved to provide

partial volume relief to the part.
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56.  The article according to claim 54, wherein the assembled die captures

the part so that it is immovable within the die.

57.  The method according to claim 54, wherein the steps of positioning the
die parts in the assembled and separated states are performed by sliding the die parts along a

predetermined path in a base plate.

58.  The method according to claim 54, further comprising the step of
inserting a removable core rod within the chamber to define a core bore through the chamber

at the compression region in a direction perpendicular to the pressing axis.

59.  An article comprised of compacted powder, wherein the article has a
body with a primary axis extending therethrough, wherein the body is formed through a
pressing operation and, wherein the external surface of the body has parting line marks
representing mating lines of split case die parts assembled to form a die chamber for forming

the part in a direction non-perpendicular to the pressing axis.

60.  The article according to claim 59, wherein the article is a cutting insert

that has been sintered from the part.

25



WO 2009/070525 PCT/US2008/084500
1/19




WO 2009/070525 PCT/US2008/084500
2/19

FIG. 3



WO 2009/070525 PCT/US2008/084500
3/19

61 7

50

FIG. 4



WO 2009/070525 PCT/US2008/084500
4/19

60/_\

50 —

FIG. 5



WO 2009/070525 PCT/US2008/084500
5/19

FIG. 6



WO 2009/070525 PCT/US2008/084500
6/19

FIG. 7



WO 2009/070525 PCT/US2008/084500
7/19

FIG. §



62

WO 2009/070525

80

77

-

8/19

63

o

61

PCT/US2008/084500
<t
o)
N
=
o~
0



WO 2009/070525 PCT/US2008/084500
9/19

64A

64

{
I ‘
61A
648

618

61

FIG. 10



WO 2009/070525 PCT/US2008/084500
10/19

80

68A
688 \/
< >f50A

FIG. 11



WO 2009/070525 PCT/US2008/084500

291

215

217

160
287

229 —
290

285

11/19
/ 277 200
165
\ 163
215
162 ,
| 292
]
—— 205
1
= D:?ﬁ s 215
|
&
|
e e
@5 161 164 e
— A ®
2 z Q 210
/
OB S O 293
218
221
219 215 225
322 220 227

FIG. 12



WO 2009/070525 PCT/US2008/084500
12/19




WO 2009/070525

FIC. 144

13/19

PCT/US2008/084500

x5
N
=

\

1

>

)




PCT/US2008/084500

WO 2009/070525

14/19

D91 OIA

266(

866¢

J86¢

91 OI4

8867

46T

VoI OId

446t



WO 2009/070525 PCT/US2008/084500
15/19




WO 2009/070525 PCT/US2008/084500
16/19




WO 2009/070525 PCT/US2008/084500
17/19




WO 2009/070525 PCT/US2008/084500
18/19

110 454 A77

452 \< , T/ 450

FIG. 204

FIG. 20B

FIG. 20C

FIG. 20D




PCT/US2008/084500

WO 2009/070525

19/19

DIT OIH

5601
LL01
o
0s0L -
5901 ¥601
Nmo_\
& _ 1901
o] O
NId 7601
6601 L
0901

qIC OI4 Vic OI4

SUHIA dOL

966 566

NId

s68

€96 98

(443

T T—— /8

\\ 058
ASVD
198

268

(=

O
o
- Nid

098




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2008/084500

A. CLASSIFICATION OF SUBJECT MATTER

B22F 3/03(2006.01)i, B22F 3/00(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC B22F 3/00, B22F 3/02, B22F 3/03, B22F 3/035, B22F 5/00, B23B 27/16, B30B 11/00, B30B 11/02, B23P 15/28

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean Utility models and applications for Utility models since 1975
Japanese Utility models and applications for Utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKIPASS (KIPO internal) & keywords: separable die parts, uni-axial press, and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 10-071497 A (MITSUBISHI MATERIALS CORP. etal.) 17 March 1998 1-60
See the abstract; figures 1-6; and paragraphs 27-53

X JP 2005-177836 A (MITSUBISHI MATERIALS CORP.) 7 July 2005 1-60
See the abstract; figures 1-18; and paragraphs 2-26

A US 6986866 B2 (RICHARD J. GUBANICH et al.) 17 January 2006 1-60
See the abstract; and figures 1-12

A US 2006-0165828 A1 (CAROL SMILOVICI et al.) 27 July 2006 1-60
See the abstract; and figures 1-13

A JP 2003-193106 A (NGK SPARK PLUG CO. LTD.) 9 July 2003 1-60
See the abstract; and figures 1-5

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

than the priority date claimed

* Special categories of cited documents: "

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

later document published after the international filing date or priority

Date of the actual completion of the international search

23 APRIL 2009 (23.04.2009)

Date of mailing of the international search report

23 APRIL 2009 (23.04.2009)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

LEE, SUNG JOON

82-42-481-5530

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEFARCH REPORT International application No.
PCT/US2008/084500

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group [, claims 1-17, drawn to a die for forming a compressed part from powder.

Group I1, claims 18-38, drawn to a uni-axial press forming a compressed part from powder.
Group 11, claims 39-53, drawn to a method for making a part from powder.

Group IV, claims 54-60, drawn to an article formed using a pressing motion

The common technical feature among independent claims 1, 6, 12, 18, 39, 54 and 59 is a die having at least two separable die
parts. This feature is not considered the "special technical feature” because it lacks an inventive step with respect to documents
JP 10-071497 A and JP 2005-177836 A cited in the ISR. Hence, there is a lack of unity "a posteriori” (PCT Rules 13.1 and
13.2).

1. l:l As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. g As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. l:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
I:I No protest accompanied the payment of additional search fees.
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