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(57) Abstract

duplicate links (26, 29) at opposite sides of the crankshaft.

A coining press has a toggle linkage (25) for transmitting motion to a die carrier
(19) from a connecting rod (24) driven by a crank (16). As the connecting rod moves in
one direction, the die carrier moves in an opposite direction. The toggle linkage includes
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Title:  "Press and method of working material "

Description of the Invention

From one aspect, the present invention relates to a press which
comprises a frame, a crank mounted for turning relative to the frame
about a crank axis, a first die carrier guided by the frame for
reciprocation along a rectilinear path and means for transmitting motion
to the first die carrier from the crank. The invention has been devised
primarily for use in a coining press which comprises a second die carrier
and a collar within which respective dies mounted on the die carriers
engage a workpiece. Generally, the first die carrier is advanced towards
the second die carrier to effect the coining operation. The first die
carrier is then retracted and the second die carrier is advanced so that
the die thereon ejects the workpiece from the collar. The workpieces
are fed to and from a position between the dies across a feed surface.
It is desirable that the die on the first carrier should be held with its
coining face co-planar with the feed surface during feeding of each
workpiece onto and from that die.

In GB 1,476,757, there is disclosed a coining press having a
toggle linkage for transmitting motion from a crank-driven connecting rod
to a first die carrier. The connecting rod moves with simple harmonic
motion but this motion is modified by the toggle linkage. Abutments
are provided for arresting travel of the first die carrier with a member
of the toggle linkage in a direction away from the other die carrier so
that the first die will remain in a position with its coining face co-
planar with a feed surface, whilst the member of the toggle linkage
continues to move away from the other die carrier and then returns.
This arrangement provides a satisfactory dwell of the die on the first die
carrier but each cycle of operation of the machine involves impact of the
member of the toggle linkage with the first die carrier as the clearance
between these is eliminated.  This - contributes to vibration of the
machine. A further factor contributing to vibration is the vertical
acceleration and deceleration of the first die carrier and of the adjacent
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member of the toggle linkage. These components necessarily have a
considerable mass.

According to the first aspect of the present invention, there is
provided a press comprising a frame, a crank mounted for turning
relative to the frame about a crank axis, a first die carrier gunided by
the frame for reciprocation along a rectilinear path which, if produced,
would intersect the crank axis, a linkage for transmitting motion to the
first die carrier and a connecting rod for transmitting motion from the
crank to the linkage, wherein the linkage is arranged to move the first
die carrier in one direction when an end of the connecting rod remote
from the crank moves substantially in an opposite direction.

It will be understood that the centre of gravity of the
connecting rod moves along a curved path. However, in a press in
accordance with the first aspect of the invention, this path is so arranged
that this path extends generally in a direction of movement of the first
die carrier. Movement of the connecting rod in a direction which is
substantially opposite to that in which the first die carrier is moving
reduces the effect of acceleration of the first die carrier, in particular
the vibration which results from acceleration of the first die carrier.

It will be appreciated that the problem of vibration becomes
more severe as the operating speed of a press is increased. The present
invention enables a press to be operated at a higher speed than can a
comparable press as disclosed in GB 1,476,757.

The linkage of a press embodying the first aspect of the present
invention preferably includes a pair of corresponding links between which
the crank axis lies. The preferred linkage is so arranged that these
links move towards and away from the crank axis in unison. If the
links have substantially the same mass and are arranged in a
corresponding manner, the forces required to produce this movement will
balance.

According to a second aspect of the invention, there is provided
a method of working material between a pair of dies wherein movement
is transmitted to a first of the dies from a rotating crank via a
connecting rod and linkage and wherein, as the first die moves in one
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direction towards the other die, an end portion of the connecting rod
remote from the crank moves in a substantially opposite direction.

In the preferred method, there is no lost motion as occurs
in operation of the press described in GB 1,476,757.

An example of a press embodying the first aspect of the
invention and which is used in a method according to the second aspect
will now be described, with reference to the accompanying drawings,

wherein:-

FIGURE 1 is a diagrammatic representation of the press, as
viewed in a direction along a crank axis of the press, and with a part
of a frame of the press omitted,

FIGURE 2 shows a digrammatic representation of the press,
as viewed in a direction towards the crank axis and with certain parts
shown in cross-section in a plane containing the crank axis, and;

FIGURE 3 is a graphical representation of the motion of a

movable die carrier of the press during one cycle of operation.

The press shown in the drawings comprises a frame which
includes a bed 11, a cross-head 13 disposed above the bed and pillars
12 connecting the cross-head with the bed. A crank shaft 14 is
supported for rotation relative to the frame about a horizontal crank axis
15 by means of suitable bearings. In the example illustrated, there is
provided a pair of bearings aﬁd the crank 16 is disposed between the
bearings. |

On one end portion of the crank shaft 14, there is provided
a brake and means for transmitting drive to the crank shaft from an
electric motor or other prime mover (not shown). A flywheel also may
be mounted on the crank shaft. The brake, flywheel and transmission
means may be constructed and arranged in a known manner.

There is incorporated in the frame 10 guide means 18 for
guiding a first die carrier 19 which, in the example illustrated, is a lower
die carrier, for reciprocation relative to the frame along a rectilinear,
vertical path which, if produced, would intersect the crank axis 15. In
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the example illustrated in the drawings, the die carrier 19 is disposed
above the crank shaft 14.

Above the die carrier 19, there is mounted in the frame 10
an upper die carrier 20 which is also guided for reciprocation along a
rectilinear, vertical path. For reciprocating the upper die carrier 20,
there is mounted on or in the cross head 13 ejector drive means 21
which is connected with the crank shaft 14 by a belt and pulley drive
22. The ejector drive means and the upper die carrier may be
constructed and arranged in a known manner.

The press includes a feed surface 23, across which workpieces
can be fed to and from a position between respective dies mounted on
the die carriers 19 and 20. Feed means is provided for feeding the
workpieces across the feed surface 23. The feed means may be a dial
plate or other known feed means and provision may be made for
transmitting drive in a known manner from the crankshaft 14 to the feed
means. There is supported in a position spaced above the feed surface
23 by a distance slightly greater than the thickness of workpieces
intended to be worked in the press a collar 24 or ring die.

For transmitting motion from the crank 16 to the lower die
carrier 19, there is provided a combination of a comnecting rod 24 and
a toggle linkage 25. During rotation of the crank shaft 14 at
substantially constant speed, the connecting rod 24 executes simple
harmonic motion. This motion is modified by the toggle linkage 25 so
that the lower die carrier 19 does not execute simple harmonic motion.
During a part of each cycle, the lower die carrier dwells in a position
such that a coining surface of a die mounted on the lower die carrier
is substantially flush with the feed surface 23. Whilst the coining surface
of the lower die is flush with this surface, a workpiece which has been
coined is moved from the lower die and a workpiece blank is moved
into a position directly above the lower die.

The toggle linkage 25 comprises a first link 26 and a second
link 27 which are pivotally connected to each other adjacent to first ends
of these links for relative movement about a pivot axis 32. The first
link 26 is also pivotally connected with the first die carrier 19. The
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second link 27 is pivotally connected adjacent to its end remote from the
link 26 with the frame 10 for movement relative to the frame about a
pivot axis 33 which is fixed with respect to the frame.

Means is provided for transmitting motion from the connecting
rod 24 to the links 26 and 27. In the example illustrated, this means
comprises a third link 28 connected adjacent to one of its ends with the
first and second links for pivoting relative thereto about the pivot axis
32 and connected adjacent to its opposite end with the connecting rod
24 for pivoting relative thereto about a pivot axis 34.

The frame 10 incorporates guide means 35 for guiding that
end portion of the connecting rod 24 which is adjacent to the pivot
axis 34 along a rectilinear path, the centre line 36 of which coincides
with the centre line of the path of travel of the lower die carrier 19
and which passes through the centres of respective coining faces of the
dies. When the crank shaft 14 turns, the axis 34 is reciprocated along
this path and the axis 32 is moved towards and away from the path.
Accordingly, the upper end portion of the link 26 is caused to move
upwardly and downwardly by rotation of the shaft. It would be within
the scope of the invention to pivotally connect the link 26 adjacent to
its upper end directly with the lower die carrier 19. In this case, the
pivot connection would be intersected by the centre line 36.

In the example illustrated, the toggle linkage comprises fourth,
fifth and sixth links 29, 30 and 31 which correspond respectively to the
first, second and third links but which are disposed at a side of the
centreline 36 opposite to that at which the first, second and third links
are disposed. The first and fourth links may be pivotally connected with
the lower die carrier 19 for movement relative thereto about a common
pivot axis which lies on the centreline 36. In the example illustrated,
there is provided a beam 37 which is interposed between the lower die
carrier, on the one hand, and the links 27 and 29, on the other hand.

At a mid-portion of the beam 37, the beam is connected with
the lower die carrier 19 for pivoting relative thereto about a pivot axis
38 which intersects the centreline 36. Since the lower die carrier is
guided by the frame for reciprocation along a path parallel to the
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centreline 36, the axis 38 is constrained also to move along the
centreline 36 and always intersects that centreline. The first link 26 is
connected adjacent to its upper end with the beam 37 adjacent to one
end of the beam for relative pivoting about a pivot axis 39. The fourth
link 29 is connected adjacent to its upper end with the beam adjacent
to an opposite end of the beam for relative pivoting about a pivot axis
40.

The fourth link 29 is pivotally connected adjacent to its lower
end with the fifth link 30 and the sixth link 31 for relative pivoting of
these links about a pivot axis 41. Adjacent to an end remote from the
pivot axis 41, the fifth link 30 is connected with the frame 10 for
pivoting about a pivot axis 42 which is fixed with respect to the frame.
Adjacent to an end portion of the sixth link 31 which is remote from
the pivot axis 41, this link is connected with the third link 28 and with
the connecting rod 24 for pivoting relative thereto about the pivot axis
34. 'The pivot axes 32, 33, 34 and 38 to 42 are all parallel to the
crank axis 15 and are distributed around that axis.

The linkage 25 is represented in Figure 1 in the condition
which corresponds to a T.D.C. position of the crank 16 and a B.D.C.
position of the lower die carrier 19. In this configuration of the linkage,
the third and sixth links 28 and 31 are substantially co-linear. The pivot
axes 32,34 and 41 may lie on a rectilinear line which is perpendicular
to the centreline 36. As the crankshaft 14 turns and the crank 16
descends, the connecting rod 24 and the pivot axis 34 descend along the
centreline 36. This causes the links 28 and 31 to depart from a co-
linear relation, so drawing towards the centreline 36 the pivot axes 32
and 41. This tends to move the links 26 and 27 from the mutually
inclined configuration illustrated in Figure 1 towards a co-linear relation
and also tends to move the links 29 and 30 from the mutually inclined
relation illustrated in Figure 1 towards a co-linear relation. According,
the beam 37 and the lower die carrier 19 are driven upwardly whilst the
connecting rod is driven downwardly. The vertical movement of the
centre of gravity of the lower die carrier, the linkage 25, the connecting
rod 24 and the crank 16, considered collectively, is through a relatively
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small distance, as compared with the vertical movement of this centre
of gravity which would occur in a case where, as disclosed in GB
1,476,757, the connecting rod moves in a direction which is primarily at
right angles to the direction of movement of the tool carrier. It will be
appreciated that the centre of gravity of the connecting rod 24 moves
along a curved path which departs somewhat from the centreline 36 and
that the centre of gravity of the crank 16 moves along a circular path.
Accordingly, the movement of the crank, connecting rod and links 28 and
31 does not compensate precisely for the movement of the lower die
carrier 19 and the beam 37. Counterweights (not shown) may be
provided on the crankshaft 14 to balance the mass of the crank 16 and,
possibly, partially to counter balance the mass of the connecting rod 24.
Such arrangements of counterweights in association with a crank shaft are
well known.

The displacement of the lower die carrier 19 from its B.D.C.
position during one cycle is represented in Figure 3 where the
displacement of the lower die carrier is plotted against the angular
position of the crankshaft 14.

It will be noted that each of the links 26 to 31 and the
connecting rod 24 are subjected during operation to tensile and
compressive stresses but are not subjected to any bcnding load. During
parts of each cycle of operation, the length of the connecting rod 24
departs from a parallel relation with the centreline 36. Accordingly,
tensile and compressive forces in the connecting rod exert on the pivot
which defines the pivot axis 34 forces having both a vertical component
and a horizontal component. These horizontal components are borne by
the guide means 35 and are transmitted directly to the frame.

It will noted that the first and second links 26 and 27 move
in unison respectively with the fourth and fifth links 29 and 30. The
horizontal component of acceleration of the pivot axis 32 is exactly equal
and opposite to the horizontal component of acceleration of the pivot
axis 41. Accordingly, these horizontal components of acceleration do not
contribute significantly to vibration of the press.

The linkage 25 illustrated in the accompanying drawings is
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arranged for use with a connecting rod 24 which extends from the crank
axis 15 in a direction away from the first die carrier 19. This
arrangement leads to a relatively compact structure. Alternatively, the
connecting rod may be arranged to extend upwardly from the crank. In
this case, the third and sixth links would be arranged to drive the
pivotal connection between the first and second links away from the
pivotal connection between the fourth and fifth links as the connecting
rod is driven upwardly, so that the first die carrier would move
downwardly during upward movement of the connecting rod. In both
this modified arrangement and in the arrangement illustrated in Figure
1, the mass which moves downwardly when the first die carrier moves
upwardly is constituted by the crank, connecting rod and by the linkage.
These parts are all integral elements of the means for transmitting
motion from the crankshaft to the first die carrier. There is not
associated with the linkage any counterweight which serves solely to
compensate for movement of the mass represented by the first die
carrier. It will be appreciated that the driving of such counterweights
would detract from the force which could be applied by the first die
carrier to the first die, for working the workpiece.

It will be noted that the linkage 25 provides two, corresponding
paths for the transmission of force from the connecting rod 24 to the
lower die carrier 19.  Accordingly, the magnitude of the force
transmitted by each link of the.linkage 25 is approximately half of that
force which would be transmitted by the links of a press having the
same duty but only a single pair of links, corresponding to the first and
second links 26 and 27 of the
illustrated arrangement. Accordingly, the links can be relatively light and
the aggregate mass of the linkage 25 is not excessive.

The mass of the connecting rod 24 is considerably less than is
the mass of the first die carrier 19. Even the aggregate of the mass
of the connecting rod, the mass of the link 28 and the mass of the link
31 and associated parts which move with the axis 34, may be
considerably less than the aggregate of the mass of the first die carrier,
the beam 37 and other parts which move with the axis 38. The
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distance through which the axis 34 moves vertically is considerably
greater than is the distance which the axis 38 moves vertically.
Accordingly, the movement of the smaller mass represented by the parts
which move with the axis 34 is able to compensate for the movement
of the larger mass of the parts which move the axis 38.

The centre of mass of the asembly comprising the crank and
any associated counterweights, the connecting rod, the linkage 25, the
beam 37 and the lower die carrier 19 is maintained almost stationary
during each cycle 19 of operation of the press. The position of this
centre of mass does not move more than 30 mm and preferably not
more than 10 mm.

The features disclosed in the foregoing description, or the
accompanying drawings, expressed in their specific forms or in terms of
a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately or in
any combination of such features, be utilised for realising the invention

in diverse forms thereof.
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CLAIMS:-

1. A press comprising a frame, a crank mounted for turning relative
to the frame about a crank axis, a first die carrier guided by the frame
for reciprocation along a rectilinear path which, if produced, would
intersect the crank axis, a linkage for transmitting motion to the first die
carrier and a connecting rod for transmitting motion from the crank to
the linkage, wherein the linkage is arranged to move the first die carrier
in one direction when a portion of the connecting rod which is remote

from the crank moves substantially in an opposite direction.

2. A press according to Claim 1 wherein the connecting rod extends
from the crank in a direction away from the first die carrier.

3. A press according to Claim 1 or Claim 2 wherein the linkage
comprises first and second links pivotally connected to each other
adjacent to first ends of those links, wherein a second end of the first
link is pivotally connected with the first die carrier and wherein a
second end of the second link is pivotally connected with the frame.

4. A press according to Claim 1 or Claim 2 wherein the linkage
includes a pair of corresponding links and the crank axis lies between
the corresponding links.

S. A press according to Claim 4 wherein the linkage comprises a
further pair of corresponding links, the links of one of said pairs are
connected with the frame for pivoting relative thereto about respective
axes, the links of the other of said pairs are connected with the first die
carrier for pivoting relative thereto about respective pivot axes which
move with the second die carrier relative to the frame, each link of the
one pair is pivotally connected with a respective link of the other pair
and wherein there is provided means for transmitting drive from the
connecting rod to the links of both pairs.
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6. A press according to Claim 1 or Claim 2 wherein the linkage
includes first, second and third links connected together adjacent to
respective first ends for relative pivoting about a pivot axis which is
parallel to the crank axis, the linkage further includes fourth, fifth and
sixth links which are connected together adjacent to respective first ends
for relative pivoting about a further pivot axis which is parallel to the
crank axis, wherein the third and sixth links are pivotally connected to
each other and to the connecting rod adjacent to second ends of the
third and sixth links, wherein the second and fifth links are pivotally
connected with the frame adjacent to second ends of the second and
fifth links and wherein the first and fourth links are pivotally connected
with the first die carrier adjacent to second ends of the first and fourth
links.

7. A press according to Claim 6 wherein the linkage further
comprises a beam, opposite end portions of the beam are pivotally
connected with respective ones of the first and fourth links adjacent to
the second ends thereof and a mid-portion of the beam is pivotally
connected with the first die carrier.

8. A press according to Claim 3 wherein the linkage comprises a
further pair of links which are pivotally connected to each other adjacent
to respective first ends of the further pair of links, one link of the
further pair is pivotally connected with the first die carrier and
corresponds to said first link and the other link of the further pair is
pivotally connected with the frame and corresponds to said second link.

9. A press comprising a frame, a first die carrier guided by the
frame for reciprocation along a rectilinear path, a crank mounted for
turning relative to the frame about a crank axis and a linkage for
converting the simple harmonic motion produced by rotation of the crank
at uniform speed to a converted the motion which is other than simple
harmonic motion and applying the converted motion to the first die
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carrier, wherein the linkage is arranged to move a substantial mass in
one direction when the first die carrier is moved in an opposite
direction.

10. A method of working material between a pair of dies wherein
a crank is rotated at substantially uniform speed and reciprocates a first
member with simple harmonic motion, the motion of the first member
is converted to a converted motion other than simple harmonic motion
and the converted motion is applied to one of the dies to reciprocate
the one die, wherein movement of the mass of the one die and of parts
which reciprocate with the one die in one direction is substantially
compensated for by movement of a further mass in a substantially
opposite direction.

11. A method of working material between a pair of dies wherein
movement is transmitted to a first of the dies from a rotating crank
via a connecting rod and a linkage and wherein, as the first die moves
in one direction towards the other die, the centre of gravity of the

connecting rod moves away from the other die.

12. A method according to Claim 11 wherein there is no substantial
movement of the centre of gravity of the linkage in a direction
transverse to said one direction.

13. A press comprising a die carrier, a crank shaft and means
substantially as herein described with reference to the accompanying
drawings for transmitting motion from the crank shaft to the carrier.

14, Any novel feature or novel combination of features disclosed

herein or in the accompanying drawings.
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