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METHOD OF PRODUCING SURFACE DENSIFIED METAL ARTICLES

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to the manufacture of powder metal

articles, and more particularly to articles having a densified outer surface.
2. Related Art

It 1s known 1n the art to surface densify compacted and sintered powdér
metal articles in order to develop a densified layer of the powdered metal material on a
surface of the érticle. Prior U.S. Patents 6,017,489 and 6,168,754, which are
commonly owned by the assignee of the present invention, disclose multi-stage
densifying/ tools having a series of linearly spaced, progressively sized forming portions
which, when forced across an outer or inner surface of the powder metal preform
develop a densified layer of the material at the surface.

A particular challenge comes when the surface to be densified is a blind
surface that 1s 1naccessible from both ends, such as the outer surface of a hub extending
from a radially larger base of a component or the inside wall of a closed or blocked end
sleeve. Prior U.S. Patent 5,540,883 teaches a process of densifying such blind surfaces
by meaﬁs of a roll forming operation in which a forming tool 1s forcibly rolled against
the blind surface in the direction of its perimeter to yield a densified layer. However,
depending ﬁpon the shape and accessibility of the particular surface, densification by
roll forming may not be practically or economically feasible.

It is an object of the present invention to advance the art by providing a
process which overcomes or greatly minimizes the foregoing limitations of the prior art
processes. :

SUMMARY OF THE INVENTION AND ADVANTAGES

A method of producing powder metal articles according to the invention
comprises compacting and sintering powder metal to produce a shaped powder metal
preform having at least one exposed surface to be surface densified extending parallel
to an axis of the preform between a free end and a blind end adjacent a transverse

portion of the preform. A shaped densifying tool is then forced axially along the
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exposed surface in a direction from the free end toward the blind end and then reversed
in direction toward the free end to densify a layer of the material at the surface.

This method has the advantage of providing a simple, yet effective way
of surface densifying blind and often difficult to access surfaces of powder metal
workpieces.

The mvention has the further advantage of being applicable to surface
densifying bqth outer and inner facing blind surfaces of a powder metal workpiece and,

in a preferred implementation of the method, enables the densification of multiple

surfaces 1n a single simultaneous operation. For example, a powder metal workpiece

having one or more inner blind surfaces and one or more outer blind surfaces can be
surface densified 1n a single operation which saves time and cost in the manufacture of
powder metal components having such features.

The invention has the further advantage of providing great flexibility to
selecting the shape of blind surfaces to be densified by the process. Whereas roll form
densification is limited by the shapes that can be rolled, with the axial densification,
surfaces of complex shape that would not be suitable for roll form densification can
nevertheless be densified according to the present invention in a very simple, cost
effective manner.

The invention has the further advantage of providing greater control

over the degree and uniformity of the surface densification as compared to roll forming.

THE DRAWINGS

These and other features and advantages of the present invention will
become more readily appreciated when considered in connection with the following
detailed description and appended drawings, wherein:

Figure 1 1s a schematic sectional view of a densifying tool shown in
position to densify an outer blind surface of a preform workpiece;

Figure 2 1s a view like Figure 1 showing the tool acting on the
workpiece;

Figure 3 is an enlarged fragmentary sectional view showing features of

the tool and workpiece of Figures 1 and 2;
Figures 4-6 are like Figures 1, 2 and 3, respectively, but of a second
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embodiment;
Figures 7 and 8 are like Figures 1 and 2, but of a third embodiment and
including a movable portion of the densifying tool;
Figure 9-11 are like Figures 1-3, but of a fourth embodiment of the
invention;
- Figures 12 and 13 are like Figures 1 and 2, but of a fifth embodiment;
and

Figures 14-16 are like Figures 1-3 but of a sixth embodiment.

DETAILED DESCRIPTION

Shown in the drawing figures are various embodiments of powder metal
articles that have been compacted and sintered to near full theoretical density and to
near-net shape to include at least one exposed, blind surface to be densified that
extends parallel to an axis of the article and has a free end of the surface and a blind
end. Some of the embodiments include one or more additional exposed surfaces that,
according to the method of the invention, can be densified along with the at least one
blind surface 1 a simultaneous densifying operation to yield a densified layer of the
powder metal material on the surfaces that have been worked by the densifying tool to
increase the density in the layer to essentially full density equal to or exceeding 99% of
tull theoretical density of the material. Detéils concerning each embodiment are
described below, and it will be appreciated from the various embodiments that the
method can be applied to any of a number of workpiece shapes with inner and/or outer
surtaces to be densified and, having in common, at least one such surface that is blind
in such manner as to block the passage of the workpiece completely past the forming
tool.

With particular reference to a first embodiment of the invention
1llustrated in Figures 1-3, the compacted and sintered powder metal preform article is
shown at 20 having an exposed blind surface 22 formed on the outer surface of a hub
portion 24 which extends from a radially larger transverse portion 26 of the preform 20
such that the surface 22 extends parallel to an axis A of the preform 20 between a free
end 28 of the hub portion 24 and a blind end 30 adjacent the transverse portion 26. The

end 30 is blind because the transverse portion 26 crosses the path of the blind surface
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22 and blocks the extension of a fonningl tool past the blind end 30.

Figures 1-3 turther show a densifying tool 32 that has shape closely
complimenting that of the near-net compacted and sintered shape of the blind surface 22, but
sized such that when the tool 32 is passed over the blind surface 22, it further compacts and
densifies the surface 22 to develop a densified layer 34 of the powder material at the blind
surface 22 that is essentially fully dense (at or exceeding 99% of full theoretical density of the
powder). The tool 32 includes an inside forming feature with a radially protruding forming
surface 38 that engages the blind surface 22. The forming surface 38 is dimensioned slightly
less than that of the blind surface 22, such that when the tool 32 1s moved from the position
shown in Figure 1 to the position shown in Figure 2 along the axis A, the protruding forming
surface 38 of the tool 32 1s caused to be forced axially along the blind surface 22 from the
tfree end 28 toward the blind end 30. As the tool 32 moves along the blind surface 22, the
torming surface 38 compresses and densifies the layer 34. This 1s illustrated best in Figure 3,
where the densified layer 34 is shown to have a greater localized density at and below the
surface 22 than that of the bulk or core of the compact and sintered article 20.

As represented 1n Figure 2, the surface 22 is densified by advancing the tool
32 axially over the surface 22 in one direction from the free end 28 toward the blind end 30,
and then 1s reversed from the position of Figure 2 back to the position of Figure 1 to withdraw
the tool 32 from the surface 22. As also shown in Figure 2, the tool 32 can be advanced
toward the blind end 30 to the point where the tool 32 encounters the transverse portion 26,
after which the direction of the tool can be reversed and withdrawn from the surface 22.

According to a further aspect in the inVention, one or more additional

forming tools can be used to further densify the blind surface 22 and advanced in the same

manner as the first tool 32 across the blind surface 22 to achieve further densification. Of
course, the one or more subsequent densifying tools will be dimensioned to impart the desired
successive compaction and densification of the blind surface 22 at each stage of denstfication.
In the case of the outside blind surface 22 illustrated in Figures 1-3, the second and any
subsequent tools will have a progressively smaller sized forming feature and forming surface

than that of the first densifying tool 32.

Figure 3 shows a forming feature 36. As shown best in Figure 3, the
radially protruding forming surface 38 of the densifying tool 32 has a tapered leading edge 40
as well as a tapered trailing edge 42 with respect to the movement of the tool in the axial

direction toward the blind end 30. The edges 40, 42 serve to guide and constrict the powder
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metal materal at the surface 22 as the tool 32 is moved across the surface in the axial
directions of movement so as to compact and densify the material of the layer 34 without
removing any material from the surface 22. As the densifying tool 1s moved over the blind
surface 22 toward the blind end 30, both plastic and elastic deformation of the surface 22
occurs to densify the layer 34. Accordingly, as the fanning surface 38 passes over a portion
of the blind surface 22 toward its movement to the blind end 30, the material on the trailing
side of the fanning surface 38 will recover its elastic deformation and thus will bulge radially
outwardly beyond the inwardmost point of the fanning surface 38. The tapered trailing edge
42 enables the fanning tool to be withdrawn back over the blind surface 22 which, in the
return movement, compresses the powder material at least elastically on the return stroke of
the densitying tool 32.

In the embodiment illustrated in Figures 4-6, the same reference numbers
are used to represent like features as that of the embodiment of Figures 1 and 2, but are offset
by 100. Accordingly, Figures 4 and 6 show a transverse portion 126, a free end 128, and a
blind end 130. Figure 6 shows edges 140 and 142. Figures 4-6 show a similar arrangement
as that of Figures 1-3, except as applied to densifying an inside or inner blind surface of a
powder metal article. As such, the same reference numerals as used in connection with
describing the first embodiment of Figures 1-3, but are increased by 100. The principal
difference is that the forming feature 136 of the densifying tool 132 projects radially
outwardly of the tool 132 so as to densify the layer 134 of the radially inner blind surface 122
of the article 120. The remaining descriptions and principals described above are applicable

to the second embodiment and thus are incorporated herein by reference.

Figures 7 and 8 illustrate a third embodiment of the invention, wherein the
same reference numerals are used to represent like features as that of the first embodiment of
Figures 1-3, but are offset by 200. Accordingly, Figure 7 shows a transverse portion 226, a
free end 228, and a blind end 230. In this embodiment, the article 220 has an outer blind
surface 222 to be densified in the manner described above and, in addition, includes a radially
inwardly facing surface 44 that is also to be densified according to the method of the
invention. In addition to the densifying tool 232 used to densify the outer blind surface 222,
an inner densifying tool 46 is provided having a similarly shaped forming feature 48 as that
described above in relation to the forming feature 136 of the second embodiment which 1s
used to densify the radially inwardly facing surface 44 preferably simultaneously with the
densification of the outer blind surface 222. Still further, the article 220 of the third
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embodiment has an additional outer surface 50 that 1s to be densified 1n the same manner

described above in connection with the outer blind surtace 222. For this purpose, a third
densifying tool 52 is provided having an associated forming feature 54 which preterably
corresponds to that of the forming feature 236 of the first densitying tool 232.

According to a further preferred aspect of the invention, the various
densifying tools 232, 46 and 52 may be supported for relative axital movement with respect to
one another in order to achieve densification of surfaces 222, 44 and 50 1n a single,
simultaneous operation. As illustrated by a comparison of Figures 7 and 8, 1t will be seen that
the inner 46 and outer 52 densifying tools move axially in relation to the first densifying tool
232 during the densifying stroke in both axial directions. This enables the relatively longer
inner and outer surfaces 44, 50 to be densified simultaneously with the densification of the
relatively shorter blind surface 222. The relative movement of the densifying tools can thus
be adjusted accordingly to meet the requirements of a given application based on the relative
links of the surfaces to be densified. In each case, a densified layer 1s formed at the densitfied
surface like that of the densified layer 34 described above 1n connection with the first
embodiment. Moreover, the various densifying tools can be formed with whatever shape
corresponds to the shape of the surfaces to be densified (e.g., cylindrical, gear form, oval,
rectangular, etc.) and thus can be different from one another if called for by a given
application. Also, as described above in connection with the first embodiment, multiple sets
of densifying tools can be employed, each having slightly larger or smaller sized forming
features as required, to achieve multi-step progressive densification of the surface being

treated.

[n the embodiment illustrated in Figures 9-11, the same reference numbers
are used to represent like features as that of the embodiment of Figures 1-3, but are offset by
300 (Figures 9-10) and 500 (Figure 11), respectively. Accordingly, Figure 11 shows a blind
surface 322, a transverse portion 326, a free end 328, a blind end 330, a densified layer 334, a
forming feature 336, a radially protruding forming surface 338, a tapered leading edge 340,
and a tapered trailing edge 342. The powder metal article 320 includes, i addition to the
outer blind surface 322, another outer surface 56 which 1s densified in the same manner using
a second densifying tool having a similar forming feature 60 as that of the feature 36 of the
first embodiment, and developing a corresponding densified layer 62 at the outer surface 56

1n the same manner as that used to develop the layer 34 of the first embodiment. In this
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fourth embodiment, the tools 332 and 58 are¢ formed as a single piece, although they could
be separately movable as described in relation to the third embodiment of Figures 7-8.

In the embodiment illustrated in Figures 12 and 13, the same reference
numbers are used to represent like features as that of the embodiment of Figures 1-2, but are
offset by 400. Figures 12 and 13 1illustrate a fifth embodiment of the invention in which the
same reference numerals are used to indicate like features to those of the first embodiment of
Figures 1-3, but are ottset by 400. Accordingly, Figure 12 shows a transverse portion 426, a
free end 428, a blind end 430, a forming feature 436, a radially protruding forming surface
438, a tapered leading edge 440, and a tapered trailling edge 442. Figure 13 shows a
densifying tool 432. In this case, the powder metal article 420 has an inner blind surféce 4272
that 1s densified by densifying tool 432, and a second inner surface 64 that 1s densified
simultaneously in the same manner by a second densitying tool 66 having a torming feature
68 like that of forming feature 48 of the second embodiment. The tools 432 and 66 cooperate
to densify the surfaces simultancously and, as with previous embodiment, multiple sets of
tools can be provided to achieve densification in multiple progressive steps 1f needed.

Finally, Figures 14-16 illustrate a sixth embodiment of the invention
wherein like reference numerals are used to indicate like teatures to that of the first
embodiment, but are offset by 500. Accordingly, Figures 14-16 show a transverse portion
526, and Figure 16 also shows a free end 528, a blind end 530, a forming feature 536, a
radially protruding forming surface 538, a tapered leading edge 540, and a tapered trailing
edge 542. The powder metal article 520 has, 1n addition to the blind surtace 522, an inner

surface 70 and an outer surface 72 that is densified simultaneously with the blind surface 522

in the same operation. The inner and outer surfaces 70, 72 are densified by corresponding
densifying tools 74, 76 each having an associated forming feature 76, 80 like that of the
feature 36 of the first embodiment. The tools 532, 74 and 76 may be formed as one unit, as
illustrated, or may be provided as relatively movable portions of a densifying die as
described above 1n connection with the third embodiment of Figures 7 and 8. The article 520
has densified layers 534, 82 and 84 on 1its blind surface 522 and inner and outer surfaces 70,
72, respectively, of the character described above 1n connection with the previous
embodiments.

Accordingly, the embodiments illustrate various combinations of surfaces to
be densified on a given powder metal preform article, all of which have in common, at least

one such surface that i1s blind and processed by the method according to the invention.
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Obviously, many modifications and variation of the present invention are
possible in light of the above teachings. It is, therefore, to be understood that within the scope
of the appended claims, the invention may be practiced otherwise than as specifically

described. The invention is defined by the claims.
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What 1s claimed 1s:
1. A method of producing powder metal articles comprising:
compacting and sintering powder metal to produce a shaped powder
metal preform having at least one exposed surface to be surface densified extending
parallel to an axis of the preform between a free end and a blind end adjacent a
transverse portion of the preform; and
cold working the at least one exposed surface by forcing a radially
protruding forming surface of a shaped densifying tool axially along the at least one
exposed surface in a direction from the free end toward the blind end to densify a
layer of the material at the at least one exposed surface and then reversing the

direction of the tool toward the free end.

2. The method of claim 1 wherein the at least one exposed surtace

comprises a radially outwardly faéing surface.

3. The method of claim 1 wherein the at least one exposed surface

comprises a radially inwardly facing surface.

4, The method of claim 1 wherein the preform includes at least one

additional surface to be densified.

J. The method of claim 4 including forcing the densifying tool axially
along the at least one additional surface to densify a layer of the material at the at

least one additional surface.

6. The method of claim 5 wherein the surfaces are densified
simultaneously.
7. The method of claim 6 wherein the surfaces comprise radially

inwardly facing and radially outwardly facing surfaces of the preform.

8. The method of claim 6 wherein the surfaces comprise at least two
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separate radially inwardly facing surfaces of the preform.

9. The method of claim 6 wherein the surfaces comprise at least two

separate radially outwardly facing surfaces.

10. The method of claim 6 including fixing the densifying tools against

relative axial movement.

11. The method of claim 6 including supporting the densifying tools for

axial movement relative to one another.

12. The method of claim 4 wherein the preform includes at least two
additional surfaces to be densified and including forcing associated densifying tools
axially along the at least two additional surfaces to density a layer of the material at

the at least two additional surfaces.

13. - The method of claim 12 wherein the surfaces comprise radially

inwardly and radially outwardly facing surfaces of the preform.

14. The method of claim 12 wherein the surfaces are densified
simultaneously.
15. The method of claim 1 wherein the shaped radially protruding

working surface further comprises a tapered leading edge portion and a tapered

trailing edge portion.

16. The method of claim 1 wherein the exposed surface is additionally
cold worked by forcing at least a second subsequent forming tool along the exposed

surface from the free end toward the blind end and then reversing the direction of the

at least second tool toward the free end.
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