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57) ABSTRACT 

Powdered metal is continuously introduced into a die 
cavity in discrete quantities and compacted into bar 
segments to form a bar. The cavity has a fixed cross 
sectional area and is open at both ends, except during 
the initial compaction when one end is closed. After 
formation of a length of the bar, the frictional resis 
tance between the bar and the cavity wall is relied on 
so that the bar remaining in the cavity serves as a stop 
per for subsequent compactions of the discrete quanti 
ties of powdered metal to form the continuous bar. 
The bar is forced out of the cavity and may be passed 
through an induction furnace for sintering, and 
through a swager, all preferably in a continuous opera 
tion. Also provided is means for varying the compac 
tion so that the bar lengths formed from the discrete 
quantities of powdered metal are compacted and 
bonded into a bar of substantially uniform physical 
characteristics along its length. 

2 Claims, 11 Drawing Figures 
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which controls the jack 70, retracting the piston therein 
and lowering the down limit switch 62. This lengthens 
the extent of the travel of the press ram 32. On the 
other hand, if the pressure is less than a predetermined 
minimum value the low pressure switch 87 senses that 
pressure, and actuates the down solenoid 95 which ac 
tuates the jack 70 in the opposite direction. This results 
in raising the down limit switch 62 to shorten the travel 
of ram 32 (FIG. 2). 
Thus the force exerted by the punch in compacting 

the powder in the die against the previously formed 
length of bar remaining seated in the die is measured. 
This compacting force also equals the resisting fric 
tional force between the previously formed length of 
bar remaining in the die and the die wall. As heretofore 
mentioned, the frictional force between the previously 
compacted slug and the cavity wall serve to retain the 
bar within the die to provide a stop means against 
which the powdered metal is compacted. The compact 
ing and the corresponding ejecting force must there 
fore be greater than the frictional force existing at the 
cavity wall. At the same time the force must not be of 
a magnitude that causes compacted powder to be 
wedged within the cavity so that it cannot be extracted 
without either damaging the bar or the die. On the 
other hand, the force applied must be such that the 
powdered metal is compacted and bonded to the previ 
ously formed length of bar. In establishing the 
prerequisite force, the initial pressing force or pressure 
is critical in order to produce a bar having the desired 
green compact characteristics, primarily density. Pref 
erably, such green compact bar should have about a 70 
percent density so as to be self-supporting and capable 
of withstanding the handling forces imposed thereon 
during transfer to a sintering or swaging station or the 
like. 
Further factors in the carrying out of the method of 

the present invention are die design, surface area of the 
formed bar remaining in the die, powder properties, 
and lubrication. 
The die is made from a material having a hardness 

and surface finish which minimizes galling. Preferably, 
the die surface or cavity wall is ground in the direction 
in which the rod is pressed or forced through the die. 
The die is also provided with a radius 76a at the punch 
entrance end thereof to serve as a punch guide. A short 
distance at the exit end 76b of the cavity 76 is tapered 
or flared outwardly to the extent that the compacted 
rod is permitted to expand gradually. The gradual taper 
allows the rod to expand as the compacted material at 
tempts to relieve itself of the stresses developed during 
compaction. In the absence of taper the rod may crack 
due to a sudden or abrupt expansion. 
The powder properties such as particle size, hard 

ness, and particle size distribution may affect the fric 
tion developed at the cavity wall during compaction. 
These properties will affect the pressing pressures and 
the slug length. 
The metal powder mix also includes a lubricant. The 

lubricant will affect the frictional characteristics along 
the cavity during compaction. 
The above factors are all considered for producing a 

rod of substantially constant density along its length. 
However, because of variations in the metal powder 
properties, lubrication and the like, it is not possible to 
precisely predict the total length of the bar which re 
mains in the die after each compaction. The total area 
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of the rod remaining in the die directly determines the 
frictional resisting force and the compacting force 
which must be applied to eject the rod from the die. 
When the die is filled to the end of the cavity an in 
crease or decrease of the volume remaining in the die 
results in corresponding decrease or increase in the vol 
ume of metal powders to be compacted. Under these 
conditions there is also coresponding increase or de 
crease in the compacting force sensed by the high pres 
sure switch 86 and low pressure switch 87. This causes 
the stroke adjustment ram 70 to be adjusted as above 
explained to achieve the desired uniform physical char 
acteristics. This measurement and adjustment is not 
only made during the initial formation of the bar, but 
is also made whenever the physical characteristics of 
the bar deviate from the desired characteristics. 
In carrying out the method, powder of the material 

desired, e.g., iron, stainless steel composition, etc. of a 
size of less than 500 microns is generally utilized. A lu 
bricant which may for example be --Acrawax 'C'-- 
made by Glyco Chemical Co., or any of various other 
kinds of prior art lubricants, is thoroughly admixed 
with the powder. 

In one practical example of utilizing the method, a 
stainless steel powder was compacted in the die to 
about one-half its original volume. The stainless steel 
was a type 316 stainless steel having the following com 
position: 

Elements % By Weight 

Carbom O22 
Manganese 035 
Silicon 62 
Chromium 6.05 
Nickel 3.90 
Molydenum 2.5 

The above stainless steel composition was admixed 
with Acrawax “C” to about 1%% of the powder by 
weight. 
The powder was introduced into the die cavity filling 

a length of the latter of about 3 inches, and after com 
paction it formed a segment of the bar of about 1% 
inches. 
The adjacent segments were compacted and bonded 

together as mentioned above, forming a continuous in 
tegral bar, identified at 94, the segments being individ 
ually identified 96 (FIG. 10) and the bond therebe 
tween at 98. In actual practice, the line 98 was substan 
tially undiscernible. When the bar was subjected to 
bending stresses during test there was no greater ten 
diency for the bar to break at 98 than at any other loca 
tion stressed to the breaking point. 
As each new quantity of powder was introduced and 

a segment formed, the continuous integral bar was 
forced out of the lower end of the die and continuously 
through the furnace as noted above, and in the sinter 
ing operation, the lubricant was burned out of the bar. 

In the initial compacting step, when the closure plug 
79 was in place, a compaction pressure of about 20-25 
tons per square inch (tsi) was utilized. After the plug 
was removed, and a subsequent quantity of powdered 
metal was introduced into the die cavity, a greater com 
pacting pressure was utilized, such as between 30 and 
40 tsi, and at an average of about 35 tsi. 
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The continuous bar thus formed was sintered at a 
temperature of the order of about 2, 150°F., preferably 
for a period of about one-half minute. 
The bond 98 was along an irregular or non-planar 

conformation formed by a correspondingly shaped end 
surface of the punch, as shown in FIG. 9, the bond in 
cluding overlapping extensions or elements which en 
hances bonding. It has been found that the strength at 
the bond is substantially the same as in other portions 
of the bar 94 both after green compaction and after sin 
tering. 
The pressure utilized creates substantial green 

strength in the bar, i.e., strength after compacting but 
before sintering, so that the bar can be handled in its 
green state without disintegration particularly when 
forcing it out of the die and through the sintering fur 
aCe 

Metal powders of A.I.S.I. M-2 tool steel, Eatonite, 
Copper 100-RXN, aluminum type 601-AS (Alcoa), 
stellite-6B, and iron powder of A. O. Smith Inland 
300M were compacted in a manner generally similar to 
the method described above. The metal powders of 
each of the different ferrous and non-ferrous metals 
were continuously formed into a green rod of a desired 
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length and capable of being self-supporting and han 
dling. 
What is claimed is: 
1. A press for continuously forming continuous bar 

comprising a die having a cavity, means for introducing 
a selective amount of powdered metal into the die cav 
ity, a ram and punch reciprocable toward and from the 
die, lengthwise spaced limit means engaged by the ram 
for controlling and reversing the movement of the ram 
in response to engagement by a respective one of the 
limit means, the ram being operative on advance stroke 
to move the punch into the die cavity, the engagement 
of the punch with the powdered metal in the die cavity 
developing reaction pressure, and means for relocating 
one of said limit means and thereby adjusting the length 
of each advance stroke of the ram and punch in direct 
proportion to said reaction pressure during that stroke. 

2. A press according to claim 1 wherein the means 
for adjusting the length of the stroke is operative for in 
creasing that length in response to higher reaction pres 
sure than a predetermined value and reducing that 
length in response to a lower reaction pressure. 
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