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1

This invention relates to an apparatus for
forming powder metallurgy parts of intricate de-
sign.

The invention has for an object to compress
metal powders into parts of various shapes so
that the parts will have substantially uniform
density throughout their mass and which will be
substantially free of cracks or laminations.

The invention has for a further object the
ejection of the formed and compressed metal
parts from the forming die while maintaining
the same under such pressure as will prevent any
substantial injury to the formed part.

T have illustrated the mechanical phase of my
invention as embodied in a mechanically oper-
ated press, but it is to.be understood that it is
not; limited to such a press for the press may he
operated by hydraulic or other pressure.

In the drawings; .

" Figures 1 through 6 are views, partly in sec-
tion and partly in elevation, illustrating the mech-
anism and successive steps of the operation of the
press; and

Figure 7 is a diagrammatic view of the driving
means for the cams. b

The press includes a base | having a table 2
with a cross head 3 and a die supporting portica
which is adapted to receive and support a die 5
of suitable form for the powdered metal part that
is-to be formed. This die is secured in place in
the table by a clamping ring 6 of conventional
design. T have illustrated the powdered metal
within the die in Figures 1 through 8 at 7, re~
gardless of its state of compression. A plunger 8
is mounted for vertical sliding movement in a
bearing 8 in the base and carries a lower punch 0
at-its. upper end which is in alignment with and
adapted to enter the opening of the die 5,

A plunger extension 1 is rigid with the plunger
8: and may have screw-threaded engagement
therewith. This plunger extension projects down-
wardly. therefrom and loosely into an opening 12
in.the base k. The extent of downward movement
of the plunger 8 and its punch 10 is limited by a
stop nut i3.

The upward and downward movement of the
plunger 8 and its punch 0 is caused and con-
trolled by a cam 4 which is driven by any suit-
able source of power such as a prime mover 15
through gears (6, {1 and {8 A cam roller 19
carried by a bell crank lever 20 rides upon the
face of the cam {4, and is held in contact thexe-
with by a spring. £9/ that is conventionally repre-
sented in the drawings. This bell crank lever 20

ig pivoted ab 21 to the ¢rosy head 3 and is piv-

wor

otally connected to. a link 22 which, in turn, is
pivoted at 23 to a rocker lever 24. This rocker
Jever 24 is pivoted at 25 to the base [. One arm
26 of the lever 24 is loosely connected to the
plunger extension tf as at 27 and is adapted to
operate against two adjustable abutments 28 and
29 on the plunger extension (1. I have shown

- these two. abutments in the form of adjustable
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nuts on the plunger extension and it will be un-
derstood that by adjustment of these nuts the
punch 18 witkbe moved either upwardly or down-
wardly in relation to the arm 26 of the lever 24,
wth the. result: that the stroke of the punch may
be varied.

Moreover the plunger 8:and its. punch f0.may-be
removed and replaced by another plunger and
lower punch as the.occasion requires.

An upper punch 30.is located above the lower
punch 10 and: the die opening and carried by a
slide 30" which is. mounted for upward and down-
ward sliding movements in a bearing 2f in the
cross head 3. This slide 30" is provided with a
chamber 32 which is closed at its upper end by a
plate 33 having an orifice 34 therein, which plate
is positively attached to the slide. A rod 35 hav-
ing a roller on ifts upper end which rides in a
groove in a cam 36: extends through the orifice
of the plate 33 into the chamber: 32. A collar 31,
rigid with the rod 35, is.located within the cham-
ber 32 and is provided with a boss 38. The. dis-
tance between the upper face of the collar. 31,
which is adapted to engage the lower face of the
plate 33, and the lower end of the. boss 38, which

is adapted to engage the lower end of the cham-

ber 82, is less than the distance between these
two portions.of the slide.

A spring 39 surrounds the boss 38 and, oper-
ating against. the lower face of the chamber 32
and the lower face of the collar 33, normally
urges: the rod 35 upwardly and the end of the boss
38 out of contact with the adjacent end of the
chamber 32:0of the slide 30

The. cam. 36 is mounted on a shaft 48 which is
connected to. the prime mover £5 and carries the
gear {6: By this arrangement the cam 35 is

the relationship of gear I8, the gear |7 carried
by the shaft 11~ and the gear {8 which is carried
by the.shaft 18" of the cam 4. :
Describing now: the operation of this embodi-
ment. of the mechanical phase of my invention,
angd referring to Figures 1 through 6, when the
parts. are in the. positions illustrated in Figure 1,
with. the. lower punch I8 closing the lower end

55, of the. die cavity, and the upber- punch 30 in its
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3
raised position, the die cavity is filled with the
metal powder indicated at . When the cams 14
and 36 are set in motion they both turn clock-
wise, as shown in the drawings, and because of
the fact that the roller 19 contacts a concentric
face during the initial part of the movement of
the cam, the lower punch remains stationary.
However, the upper slide with its punch 30 will
immediately start to move downwardly. Due to
the increasing distance of the cam track from
the center of rotation of the cam 36, the cams
are so timed in their rotation that as soon as
the upper punch 30 enters the die the lower
punch {0 begins to move upwardly. .

In the embodiment illustrated the die 5 is of
such form that the flange of the part T that is
being formed of the powdered meta) is less deep
than the lower shank of the part. Because of
this the upper punch 30 will travel more slowly
into its portion of the die cavity than will the
lower punch 10 as soon as the upper punch en-
ters the die. . ‘

As the upper punch meets the resistance of
the powdered metal within the die cavity, the
continued rotation of the cam 36 will COmpress
the spring 39 so that the lower end of the boss
38 will engage the lower face of the chamber
32 and there will be a positive connection be-~
tween the rod 35 and the upper slide with its
punch 30. : :

The parts in this relationship are illustrated
in Figure 3 of the drawing.

The relative movements of the upper and lower
punches described above are such that both
punches will reach their maximum pressure si-
multaneously in the position shown in Figure 3
of the drawings and the powdered metal will be
completely compressed into a part having a flange
and a shank as illustrated in this figure.

As soon as both of the upper and lower punches
reach the maximum pressure positions shown in
Figure 3, the cam 36 will have rotated to a
position such that the rod 35 will move upwardly
under the influence of the spring 39, while the
upper punch remains in its lowered position.
This upward movement of the slide creates a
space between the boss 38 and the adjacent face
of the chamber 32 of the upper slide so that
upward movement of the upper punch 30 is re-
sisted by the spring pressure.

During the upward movement of the upper
slide with. its punch 38 under the action of the
cam 36 and the rod 35 the lower slide 8 with its
punch 12 moves upwardly under the.influence of
the cam (4 and during this movement of the two
punches the metal part 7 will be moved upwardly
initially under the lateral pressure of the die and
under the longitudinal yielding pressure created
by the spring 39.

As the punches continue their upward move-
ment with the metal part T thug clamped be-
tween them, the pressure is maintained constant
until the upper face of the lower punch 10 is
flush with the surface of the die and the metal

part no longer receives the latera] pressure of-

the die 5.

The relative positions of the parts when the
lower punch reaches the uppermost end of its
sfroke is illustrated in Figure 4 of the drawings.

When the parts reach this position the cam 36
moves: the upper slide upwardly, while the cam
{4 permits the lower punch {0 on the plunger 8
to remain in its uppermest position with the
metal part supported on the upper end of the
lower punch, as shown. in Figure 5, so that it
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‘part will not be fractured or weakened.

4

may be removed by hand or automatic means.

The continued movement of the cam 4 per-
mits the lower plunger 8, with its punch 10, to
move back into its lowermost position, as illus-
trated in Figure 6 of the drawings, where it will
close the lower end of the die cavity and the
cavity may be filled for the second cycle of oper-
ations.

It is to be noted that the groove of the cam
36 is so formed that when the upper slide is be-
ing moved upwardly by the cam and the spring
39 provides a yielding connection between the
slide and the rod 35 there will be a gradual drop
in pressure on the compressed metal part by the
upper and. lower plungers until the metal part is
completely ejected from the die and ready for
removal.

Thus it will be seen that the metal powder. is
first compressed within the die cavity by pres-
sures exerted from above and below, and when
the die cavity is of the form illustrated in the
drawings, with a thin flange zone and a deeper
shank zone, the maximum pressure on the flange
zone will be reached simultaneously with the
reaching of the maximum pressure on the shank
zone. The result of this will be the production
of a powdered metal part having a substantially
uniform density. )

After this compression the positive pressure
exerted on one end of the powdered metal part
will 'be transformed into a yielding pressure.
Fowever, the pressure exerted on both ends of
the powdered metal part will continue to exist
during the removal of the part from the die
cavity at which time the pressure on the part

‘will be relieved, but the part will remain sup-

ported by one of the pressure creating forces
until it has been removed for the sintering opera-
tion. ’

This method insures the production of pow-
dered metal parts which will have substantially
uniform density and which will be relieved of
the compressive forces in such manner that the
The
method insures the substantially uniform density
of the powdered metal part irrespective of the
differences in the depth of the various zones of
the part. N )

I have illustrated the upper and lower punches
as being operated by mechanical cams and gear-
ing, and as having a yielding connection between
the upper punch and its cam mechanism, but
it is to be understood that this mechanical opera-
tion may be supplanted by a hydraulic system
which is the equivalent of the mechanical Sys-
tem here shown. o

Moreover it will be realized that certain of
the parts may be hydraulically operated while
thie obhers are mechanically opersted.

While I have illustrated and described the
particular embodiment of the structural phase
of my invention, I do not wish to be limited to
the details thereof or to the particular structure
of the embodiment except in so far as this is
made necessary by the claim.

What I claim is:

In an apparatus for forming powder metal
parts, a die having a powdered metal receiving
cavity, a lower punch constructed and arranged
to move within said cavity, an upper punch con-
structed and arranged to move to, away from and
within said eavity, means for moving said lower
punch within said cavity, the upper punch hav-
ing a chamber therein closed at both of its ends,
a rod extending into said chamber and freely
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movable therein and having a collar thereon
adapted to engage a wall at one end of said
chamber, the distance between said collar and
the other wall of sald chamber being greater
than the length of the rod from said collar to
its adjacent end, & coil spring within said cham-
ber interposed between said collar and the last
mentioned wall of said chamber to normally hold
the adjacent end of said rod spaced from said
wall and said collar in contact with the wall of
the chamber adjacent to the collar, and means
for reciprocating said rod.
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