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1. 

3,298,060 
METHODS AND APPAEAUS FOR COMPACTNG 

POWDERED METAL TO FORMSTRPS 
Martin H. Michalak, 485 Main St., 

Westport, Conn. 06880 
Fied June 7, 1963, Ser. No. 286,391 

5 Claims. (C. 18-9) 
This invention relates to the art of converting powdered 

metal into ribbons or strips preparatory to sintering op 
erations. 

Heretofore it has been proposed to pass the particles of 
powdered metal from a hopper to predetermined spaces 
between a plurality of pairs of laterally spaced rolls with 
a view to simultaneously producing a plurality of rib 
bons or narrow strips which may be fed to a furnace in 
that form for sintering to produce a staple produce. 
However, the apparatus heretofore proposed for such pur 
pose has been inadequate to produce powdered metal 
strips for sintering in which the density of the strip of 
agglomerate is uniform throughout their transverse sec 
tions, the inequality being the reduced density in the area 
of the longitudinal marginal edges of the strip. 
An object of this invention is to provide methods and 

improved apparatus whereby the agglomerate of pow 
dered metal may be compacted to uniform density 
throughout the width of each strip to the extreme longi 
tudinal edges of the strip. For this purpose, according 
to the present invention, the powdered metal, while Sup 
plied from a single hopper, is guided by spaced individual 
chutes to axially spaced pairs of plan cylindrical com 
pacting rolls, the peripheral surfaces of the rolls of each 
pair being spaced to produce a strip of desired thickness 
according to the spaces between the rolls of a pair and 
the ends of the rolls at and in the vicinity of the lines of 
contact of the rolls with the agglomerate being closed by 
means traveling with the rolls in the same general di 
rection and tangential to the lines of contact and having 
sufficient force and rigidity to resist the lateral movement 
of the particles at the desired edges of the strips. In this 
manner, at all points in the width of the strip including 
the longitudinal edge portions, the density of the agglom 
erate is maintained uniform and dragging of the particles 
from the edges of the strip is avoided. 
To this end traveling, but substantially unyielding, ele 

ments are brought to bear on the ends of the rolls to close 
the spaces between the rolls at the ends thereof. 
A feature of this invention is the provision of space 

closing means for the ends of the rolls in unit form which 
may be adjustably mounted to cooperate with the rolls of 
different widths (to compact strips of different widths) and 
having means whereby the units may be connected to 
adjacent units for adjacent pairs of rolls so that they can 
mutually resist movement away from their respective rolls 
and independently of their supporting or positioning 
healS. 
The advantageous result of this arrangement is that the 

position of the means for mounting the space-closing 
means is not critical, any inaccuracy in the positioning of 
the mounting means being compensated for by the ad 
justment of the adjacent space-closing means, the one 
relative to the other. 
Other features and advantages will hereinafter appear. 
In the accompanying drawings: 
FIGURE 1 is a vertical section of a compacting mill 

for powdered metal showing the present invention applied 
thereto. 

FIG. 2 is an exploded perspective view showing the 
edge compacting means of the present invention and the 
mounting means therefor. 

FIG. 3 is a vertical section taken on a line 3-3 of 
FIG. 4. 
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FIG. 3A is an elevation of the pressure plate. 
FIG. 3B is an elevation of a modified form of pressure plate. 
FIG. 4 is a front elevation of a compacting mill show 

ing the present invention applied thereto. 
FIG. 5 is a top plan view of the mill shown in FIG. 4 

with the hoppers removed. - 
FIG. 6 is a fragmentary sectional view of another form 

of coupling device. 
The compacting mill of this invention is the exemplifica 

tion shown in the accompanying drawings comprises a 
Suitable base 10, the upper portion of which is shown 
in FIG. 1 and side plates 11 in which there are mounted 
for rotation power driven parallel horizontally spaced and 
aligned shafts 12 and 13. 
According to this invention there are mounted on the 

shafts 12 and 13 respectively a plurality of pairs of com 
pacting rolls 15 and 16 axially spaced along the shaft and 
rotatably driven by the shafts by means of splines 17. 
The rolls 15 and 6 of each pair have the same lengths 

(equal to the width of the powdered metal strip to be 
formed) and are arranged in pairs with the end faces 18 
of each pair aligned in the same vertical plane. The rolls 
15 and 6 preferably have the same diameters and are 
driven in opposite directions so that the upper peripheral 
Surfaces move toward each other and at the same pe 
ripheral speeds. As shown in FIG. 1 the diameters of 
the rolls and the spacing of the shafts 12 and 13 are such 
that there is a space or gap between the peripheries of 
the rolls of determinate width depending on the thickness 
of the strip to be formed. 
The powdered metal is supplied to the mill from a 

hopper 20 through a plurality of tapering chutes 21 one 
leading to the gap 19 between each pair of compacting 
rolls and having bottom opening 22 for discharging the 
powdered metal into the converging space between the 
upper portions of the rolls 15 and 16. The ends of the 
converging space between each pair of rolls is closed by 
means described below. 
Movement of the upper surfaces of the rolls toward 

each other causes the particles of the powdered metal 
lying thereon to be compacted as they are drawn into the 
gap 19 between the rolls and thus form the compacted 
strip 23 which is guided or carried by suitable means to 
a sintering furnace or other material treating means not 
shown. 

In order to insure the production of a strip of pow 
dered metal which has uniform density throughout its 
width even to the longitudinal edge portions, the present 
invention provides means which engages the end faces 18 
of the aligned ends of each pair of rolls 15 and 16 with 
rigid unyielding means which not only closes the sides 
of the gap 19 between the rolls and the sides of the con 
verging Space between the rolls which receives the pow 
der against escaping laterally from the gap and space, 
but also travels with the powder and compacted strip in 
a straight line and in the same direction as the strip 
thereby assisting the rolls in dragging the powder par 
ticles down into the gap at the sides thereof. 

For this purpose a gap closing device such as shown 
in FIG. 2 is provided at each end of each pair of rolls 
15 and 16. This device in the form shown comprises a 
mounting bracket 24 having a base 25 adapted to be 
adjustably mounted on and secured to supporting rails 
26, extending between and carried by the side plates 11, 
by bolts 27 extending through longitudinal slots 28 in 
the supporting rails 26. 
The bracket 24 has a plate 30 secured thereto by screws 

31 extending through elongate slots 32 and threaded in 
holes in the bracket so that the plate may be adjusted 
vertically. The plate 30 has a pair of upstanding arms 
33, the ends of which have semi-cylindrical journals 34 
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to receive a pair of trunnions 35 on a pressure plate 36. 
The pressure plate 36 at each end has a U-shaped re 

cess 37 in which there is rotatably mounted a pulley 38 
on a shaft 39, the shaft for the lower pulley 38 extending 
beyond the sides of the plate 36 and forming the trun 
nions 35 by which the pressure plate is mounted on the 
supporting plate 30. 
A continuous belt 40 which may be made of canvas 

or rubbery material or a combination of both surrounds 
the pressure plate 36 and rides on the pulleys 38. When 
the plate 36 is forced toward the end faces 18 of the 
rolls 15 and 16, the belt will engage the rolls and be 
caused thereby to travel in a straight line in the same 
direction as the formed strip of metal and at substantially 
the same speed. 

In order to apply sufficient thrust to the pressure plate 
36 to force the belt 40 against the rolls, each pressure 
plate 36 has a U-shaped yoke 41, the legs 42 of which 
are attached to the sides of the plate 36 by screws 43 
after the belt 40 has been placed around plate 36 and 
pulleys 38. 
The base of the yoke carries a threaded stud 45 which 

extends perpendicular to the base and which may be 
Welded to the yoke or be otherwise fixed thereto against 
rotation and it is by means of this threaded stud that the 
pressure plate 36 may be pressed against the ends of the 
rolls with a variable force as will be pointed out below. 

In the form of the invention shown herein the pairs 
of rolls 15 and 16 are axially spaced on the shafts 2 
and 13 Sufficiently to permit the gap closing devices for 
adjacent pairs of rolls to be inserted in the spaces be 
tween the rolls. 
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In assembling the mill, the brackets 25 are secured 
to the rails 26 in such position that the belts 40 will lie 
against the end faces 18 of the rolls 15 and 16. Before 
being assembled in the machine the adjacent pressure 
plates 36 are then brought together so that their threaded 
studs 45 are axially aligned with each other, one of the 
Studs having thereon a coupling 46 with right- and left 
hand female threaded ends. The other stud is then 
screwed into the coupling until the pressure plates are 
spaced approximately the distance between the ends of 
the adjacent pairs of rolls. The connected pressure plates 
are then placed between the pairs of rolls and are mount 
ed respectively on the adjacent supporting plates 30 with 
the trunnions 35 resting in the journals 34. The vertically 
adjustable plates 30 at opposite ends of each pair of rolls 
is then adjusted vertically, if necessary, to place the 
pressure plates 36 and belts 40 in desired position relative 
to the nip of the rolls. The coupling 46 is then rotated 
to force the belt against the end faces 18 of the rolls 
with a predetermined amount of thrust. 
The same procedure is followed in assembling the ap 

paratus with regard to the pressure plates for the outer 
ends of the end rolls 15 and 6, except that instead of 
these pressure plates cooperating with another pressure 
plate of the type illustrated in FIG. 2, the end pressure 
plates are each connected by a coupling 46a to the stud 45 
on a plate 47 which bears against the adjacent side plate 
11 of the mill. The plate 47 may be adjusted vertically 
to align its stud with the stud 45 of the adjacent plate 
with a screw 48 threaded in a lug 49 in engaging an ex 
tension 50 on the plate 47. 

After the powdered metal is fed to the chute and by 
the latter to the converging space above the nip of the 
rolls and is dragged to and through the nip of the rolls, 
the force applied to the ends of the rolls by the pressure 
plates 36 may be varied by adjusting the couplings 46 
and 46a to that needed to close the ends of the spaces. 
at the ends of the rolls against the escape of powder while 
yet permitting the belt 40 to travel with the rotation of 
the rolls. 
The belt 40 is positioned so that its longitudinal center 

line is approximately in line with the center of the nip 
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4. 
of the rolls and is of such width that there is only suffi 
cient contact of the belt with the end faces 18 of the rolls 
to close the powder collecting and compacting space and 
form a driving connection between the belt and the ends 
of the rolls. Since the thrust on the ends of the rolls 
and compacted Strip is not required after the compacted 
strip passes the nip of the rolls, the recess 37 in the lower 
end of the pressure plate 36 may be extended upwardly 
as shown in FIG. 3B. 
As shown, the threaded studs 45 are not only axially 

aligned but are in line with the gaps 19 between the rolls 
where the greatest contact of the belt with the rolls oc 
curs, thereby obviating any tendency of the pressure plates 
canting one way or the other. 
To permit variation of the thickness of the compacted 

strip, the shaft 13 for the rolls 16 is mounted in hori 
Zontally slidable bearings 51 shown in FIG. 1. 
A modification of the means for varying the thrust ap 

plied to the pressure plates and hence to the belts is shown 
in FIG. 6 in which a threaded stud 52 is rigidly secured 
to one of the yokes 41 while the opposite member (be it 
another yoke 41 or an end plate 47) is provided with a 
socket 53 which may be in the form of a hole. Carried 
by the stud 52 is a cup 54 having internal threads 55 in 
Screw-threaded engagement with the stud 52. The base 
56 of the cup has a pin 57 which rotatably fits in the 
hole 53 of the opposite member. It will be understood 
that when the cup 54 is rotated, it moves closer to or 
farther from the yoke 41 and thus produces or reduces 
the axial thrust on the yoke 4 or its opposite yoke 41 
or the plate 47. 

In order to avoid the necessity of assembling the adja 
cent pressure devices before they are placed on their sup 
porting structures, the stud 52 and the cup 54 are of such 
length and the thread 55 is extended to the base 56 of the 
cup 54 so that the cup can be screwed far enough toward 
the yoke 4 to permit the pin 57 to move out of the hole 
53 when installing the yoke 42 or the opposing yoke 41 or 
the plate 47. When the assembly is to be completed, the 
pin 57 is aligned with the hole 53 and the cup 54 is rotated 
to cause the base 56 of the cup to engage the opposing 
member 41 or 47. Thereafter, to control the pressure, the 
cup 54 is rotated in one direction or the other to increase 
or decrease the thrust between the opposing members. 

It should be understood that, in practicing the present 
invention, the rolls 15 and 16 need not all be of the same 
width since it is possible, according to the present inven 
tion, to simultaneously make strips of different widths. 
in changing the mill to simultaneously make widths of 
different strips, it is merely necessary to remove the shafts 
and the rolls from the shafts and substitute narrow or 
wide rolls and then adjust the brackets 24 longitudinally 
of the frame and substitute, in the case of the form of the 
invention shown in FIGS. 1 to 5, a longer coupling 46, or, 
in the case of the form shown in FIG. 6, a longer cup 54. 

It will be understood that the belt 40 may be made of, 
or have on its back surface a coating of, slippery material 
such as tetrafluoroethylene or, in the alternative, the work 
ing face of the pressure plate 47 may have such a coating 
or insert to reduce the friction between the plate 47 and 
the belt 40 resulting from the pressure of the pressure 
plate against the belt. 

It will be seen from the above that the present inven 
tion provides a simple and efficient compacting means 
for producing a plurality of narrow powdered metal strips 
and that, by closing the ends of the compacting space and 
nip of the rolls by means traveling in a straight line in the 
direction of the rolls, the lateral edge portions of the strip 
may have the same density as the central portions. 

Variations and modifications may be made within the 
scope of the claims and portions of the improvements 
may be used without others. 

I claim: 
1. Apparatus for compacting powdered metal to form 

narrow strips or ribbons preparatory to sintering com 



3,298,060 
5 

prising a pair of shafts; a pair of coacting rolls mounted 
on said shafts, the peripheral surfaces of the rolls being 
spaced laterally to form a gap having a width depending 
on the thickness of the strip to be formed and the rolls 
each having a length equal to the width of the strip to be 
formed between them; means located at each side of said 
pair of rolls for applying opposing thrusts to the end faces 
of the rolls and the lateral edges of the metal powder and 
compacted strip as the metal powder approaches the gap 
between the cooperating rolls and passes through said 
gap, said means for applying thrusts to the ends of said 
pair of rolls comprising an endless belt engaging end faces 
of the rolls for closing the ends of the gaps between the 
rolls, and means for mounting the belt for traveling 
movement in a straight line in the same direction as the 
traveling movement of the compacted strip, said thrust 
applying means further comprising a rigid substantially 
unyielding pressure plate engaging the belt over an area 
thereof which is adjacent to the gap and for a substantial 
distance above the gap, means for supporting the pressure 
plates adjacent the end faces of the rolls, and means on 
the supporting means for pivotally supporting each pres 
sure plate for movement toward and from the ends of the 
rolls. 

2. Apparatus for compacting powdered metal accord 
ing to claim , in which there are means on the support 
ing means for pivotally supporting each pressure plate for 
movement toward and from the ends of the rolls. 

3. Apparatus for compacting powdered metal accord 
ing to claim 1, in which there are means on the support 
ing means vertically adjusting the position of the pres 
sure plates relative to the nip of the rolls. 

4. Apparatus for compacting powdered metal to form 
narrow strips or ribbons preparatory to sintering compris 
ing a pair of shafts; a plurality of axially spaced and sepa 
rated pairs of coacting pressure rolls mounted on said 
shafts, the peripheral surfaces of the rolls of each pair 
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6 
being spaced laterally to form a gap having a determinate 
width depending on the thickness of the strip to be formed, 
and the rolls of each pair having an overall length equal 
to the width of the strip to be formed between them; and 
means located at each side of each pair of rolls for apply 
ing opposing thrusts to the end faces of the rolls and the 
lateral edges of the metal powder and compacted strip 
as the metal powder approaches the gap between the co 
operating rolls and passes through said gap, said thrust 
applying means including axially aligned screw-threaded 
members aligned with the gaps between adjacent pairs of 
rolls, and coupling means between the axially aligned 
screw-threaded members whereby the thrust applied to 
the end faces of one pair of rolls and the thrust applied 
to the adjacent end faces of an adjacent pair of rolls may 
be simultaneously varied and equalized. 

5. Apparatus for compacting powdered metal accord 
ing to claim 4, in which the means for applying thrusts to 
each pair of pressure rolls includes screw-threaded means 
axially aligned with the first-named screw-threaded means 
and positioned to apply thrust to the end pairs of rolls. 

References Cited by the Examiner 
UNITED STATES PATENTS 

2.904,829 9/1959 Heck ----------------- 18-9 
3,010,148 11/1961 Dasher --------------- 18-9 
3,017,665 1/1962 Dasher et al. ----------- 18-9 
3,019,487. 2/1962. Naeser -------------- 264-11 
3,144,681 8/1964 Krantz et al. ----------- 18-9 
3,152,892 10/1964 Clark --------------- 264-11 
3,162,708 12/1964 Lund --------------- 264-11 
3,203,045 8/1965 Naeser et al. ----------- 18-9 

WILLIAM J. STEPHENSON, Primary Examiner. 
ROBERTF. WHITE, Examiner. 
J. R. HALL, Assistant Examiner. 


