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A clamp (11) for holding a flexible sheet (12) on a rotary carrier (10) tightens the grip on, and pulls, the sheet upon rota-
tion of the carrier, as a result of centrifugal forces generated on two weights (28, 29) attached to two cooperating arms (21,22) wi-
thin the clamp. The magnitude of the grip-tightening force is dependent upon the mass of a grip-tightening weight (28) attached
to the clamp. The magnitude of the sheet-pulling force is dependent upon the mass of a sheet-pulling weight (29) attached to the
clamp. The clamp faces (18, 19) are mounted (23) for concurrent movement along the periphery of the carrier to prevent tearing
or other damage to the sheet when it is pulled as the carrier is rotated.
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Description

Centrifugal Clamp On a High Speed Print Drum

Technical Field

This invention relates to sheet holding clamps on a

5 rotary carrier or drum generally, and more particularly
to clamps having independently variable, centrifugally
generated, sheet-pulling and grip-tightening forces.

Various machines require a flexible sheet to be

held snugly on a rotary carrier. Examples include, but

10 are not limited to, facsimile machines, copiers, text
printing machines and textile printing machines. Generally,
a clamp or series of clamps is used to hold the leading
edge, the trailing edge or both edges of the sheet on
the carrier.

15 It is desirable for these clamps to tighten the
grip of the clamp faces on the edge of the sheet as the
carrier rotates, in order to prevent slippage of the
sheet with respect to the clamp faces. It is additionally
desirable for these clamps to pull the sheet tighter

20 around the carrier as the carrier rotates, to take-up
any stretch in the sheet. This sheet stretch may be
caused by the rapid rotation of the drum, or by the
absorption of fluids (e.g., ink), as the information or
pattern is printed on the sheet during rotation.

25 Background Art
In the past, as described in U. S. Patent 3,203,074,

a flexible sheet has been held on a rotary carrier by
clamping the edge of the sheet between the outer ends of
a plurality of leaf springs and a fixed clamping strip.
30 The inner ends of the leaf springs are mounted on a
support. In response to the centrifugal force generated
by rotation of the carrier, the support moves radially

outward. This movement causes the inner ends of the

‘ BUREA Y
OMPI

LAy TWIEe

WirQ N



WO 81/00827 PCT/US80/01211

10

15

20

25

30

35

leaf springs to tighten their grip on the edge of the
sheet, and to also pull the edge of the sheet along the
fixed clamping strip, so as to thereby stretch the sheet
on the carrier.

A problem with the prior art clamp is that inde-
pendent variation of the magnitude of the centrifugally
generated grip-tightening force and the sheet-pulling
force is not possible. Independent variation of the
grip-tightening and sheet-pulling force is highly
desirable to accommodate different properties of sheets
to be clamped on the rotary carrier.

One type of sheet to be clamped on the carrier may
be relatively pliant. Such a sheet requires a small
grip-tightening force and a large sheet-pulling force.
The grip-tightening force must be small so that the
clamp faces will not exert excessive pressure on the
edge of the sheet. Excessive pressure can cause perma-
nent deformation of the pliant sheet at the point where
the clamp faces grip the sheet. However, the sheet-
pulling force must be large enough to take up the pliant
sheet's high degree of stretch. If the stretch is not
fully taken up, the sheet will not be held tightly as
the carrier rotates, and the machine employing the
carrier will not function properly. A small grip-
tightening force and a large sheet-pulling force is
therefore required for a pliant sheet.

Another type of sheet to be clamped on the carrier
may be thin and easily torn. Such a sheet requires a
large grip-tightening force and a small sheet-pulling
force. The grip-tightening force must be large enough
to prevent the thin sheet from slipping out of the
clamp's grip upon rotation of the carrier. However, the
sheet-pulling force must be so small as to prevent the
sheet from tearing. A large grip-tightening force and a
small sheet-pulling force is therefore required for a

thin, easily torn sheet.
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Other sheets may have still other properties that
require different proportions of grip-tightening and
sheet-pulling forces. The ability to independently vary
the magnitude of the grip-tightening force and the
sheet-pulling force is thus a highly desirable feature
to accommodate different properties of sheets.

As discussed hereinabove with respect to the prior

rt clamp, the sheet is stretched by leaf springs pushing
the inner surface of the sheet along a fixed clamping
strip. Pushing only the inner surface of the sheet may
cause the sheet to tear. This can be avoided by moving
cooperating clamp faces (on opposite surface sides of
the sheet) concurrently, when stretching the sheet.

Pushing only the inner surface of the sheet may
also cause the edge of the sheet to abut against a
support of the fixed clamping strip, thereby buckling
the sheet's edge. It is desirable to move both cooper-
ating clamp faces concurrently when stretching the sheet
to minimize the risk of sheet buckling.

Disclosure of Invention

It is an object of the invention to provide an
improved sheet holding clamp.

It is another object of the invention to provide a
clamp in which the magnitudes of the centrifugally
generated grip-tightening force and sheet-pulling force
are independently variable.

It is a further object of the invention to provide
a clamp which pulls both the outer and inner surfaces of
the sheet concurrently, to prevent tearing or buckling
of the sheet.

These objects are accomplished by a clamp having
faces for gripping the inner and outer surfaces of the
sheet mounted so that both faces can move concurrently

along the peripheral surface of the rotary carrier.
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Upon rotation of the carrier, a first centrifugal
force tightens the grip of the clamp on the sheet. A
second centrifugal force pulls the sheet by moving both
clamp faces concurrently in a direction to tighten the
sheet on the carrier.

In a first embodiment, a grip-tightening weight is
attached to that part of the clamp which grips the outer
surface of the sheet and a sheet-pulling weight is
attached to that part of the clamp which grips the inner
surface of the sheet. In a second embodiment, a grip-
tightening weight is attached to that part of the clamp
which grips the inner surface of the sheet and a sheet-
pulling weight is attached to that part of the clamp
which grips the outer surface of the sheet.

In either embodiment, upon rotation of the carrier,
a first centrifugal force, proportional to the mass of
the grip~tightening weight tightens the grip of the
clamp on the sheet. A second centrifugal force, pro-
portional to the mass of the sheet-pulling weight pulls
the sheet by moving both clamp faces concurrently in a
direction to tighten the sheet on the carrier.

Brief Description of the Drawings
Figure 1 is a view of a printing drum, having nine

leading edge centrifugal clamps on its periphery.

Figure 2 is a cross sectional view of a centrifugal
clamp of Figure 1.

Figure 3 is a cross sectional view of a second
embodiment of the centrifugal clamp.

Figure 4 is a section along line A-A of the cen-

trifugal clamp of Figure 3.
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Best Modes for Carrying Qut the Invention

The preferred embodiments of our invention are
described with reference to a facsimile machine having a
printing drum 10 (see Figure 1l). However, the cen-
trifugal clamp may be used in any machine requiring the
clambing of a flexible sheet on a rotary carrier.

Drum 10 is mounted on shaft 13 for rotation in the
direction of arrow 17 by a motor or oéher suitable means
(not shown). Rollers 20 guide paper 12 (not shown in
Figure 1) around the peripheral surface of drum 10 when
paper 12 is initially mounted on the carrier. Camshaft
14 extends the length of drum 10, and has a series of
cams 16 (see Figure 2) thereon. One cam is associated
with each centrifugal clamp 11, to open clamp 11 for
receipt of the edge of sheet 12, as described below.

In Figure 1, nine centrifugal clamps 1l are used as
leading edge clamps on printing drum 10. It should be
recognized that the centrifugal clamp of the present
invention may be used as a leading edge clamp, or as a
trailing edge clamp. Two sets of centrifugal clamps may
be used as both leading edge and trailing edge clamps on
a single printing drum. As an alternative to the nine
clamps shown in Figure 1, one clamp may be employed
along the entire length of the drum 10 to grip an entire
edge of sheet 12.

Figure 2 is a cross sectional view of one of the
centrifugal clamps of Figure 1. Sheet 12 is mounted on
drum 10 for rotation in the direction of arrow 17.
Centrifugal clamp 1l is shown gripping the leading edge
of sheet 12.

Clamp 11 has two cooperating faces which grip sheet
12. Outer gripping face 18 grips the outer surface of
sheet 12. Inner gripping face 19 grips the inner
surface of sheet 12. The terms outer and inner do not
refer to the location of the faces relative to drum 10
but rather refer to that surface of sheet 12 which the

respective faces grip. -
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Connected to outer gripping face 18 is outer
mounting arm 21. Connected to inner gripping face 19 is
inner mounting arm 22. The terms outer and inner do not
refer to the location of the arms relative to drum 10
but rather refer to the face 18 or 19 to which the arm
21 or 22 is connected. '

Inner mounting arm 22 and outer mounting arm 21 are
mounted for movement about a common pivot 23. It should
be understood that each mounting arm may be mounted on a
separate pivot. Alternatively, no pivot at all may be
used if the mounting arms per se are flexible. The only
constructional requirement for mounting arms 21 and 22
and mounting means 23 is that limited concurrent move-
ment in a single direction be possible of inner and
outer gripping faces 19 and 18.

Clamp 11 further includes bias means 24, here a
wraparound spring, that is wrapped around common pivot
23. Spring 24 creates a biasing torque or force in a
counterclockwise direction for biasing outer gripping
face 18 against inner gripping face 189.

Camshaft 14 (see Figure 1) may be rotated counter-
clockwise from the position shown in Figure 2 to engage
cam 16 and outer mounting arm 21. Outer mounting arm 21
pivots in a clockwise direétion about pivot 23, against
the bias force developed by spring 24. This separates
outer gripping face 18 from inner gripping face 19, and
creates an opening for insertion or removal of sheet 12.
While the clamp is open, inner mounting arm 22 is held
in place against stop 26 by a spring 27.

To close the clamp, camshaft 14 is rotated clock-
wise to the position shown in Figure 2. Outer mounting
arm 21 moves counterclockwise about pivot 23 under the
bias force of spring 24, until inner gripping face 19
and outer gripping face 18 cooperatively grip opposite
sides of sheet 12.

-
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Attached to outer mounting arm 21 is grip-tightening
weight 28, and attached to inner mounting arm 22 is
sheet-pulling weight 29. Each weight may consisting of a
single discrete mass (e.g., weight 29 of Figure 2).
Alternatively, each weight may consist of a plurality of
discrete masses of material. Each discrete weight may
be mounted for simple removal from its mounting arm for
purposes of substitﬁting different weights (e.g., weight
49 of Figure 3, as described below). Alternatively,
each discrete weight may be embedded within its respec-
tive mounting arm (e.g., weight 29 of Fiéure 2). Each
weight may be formed as extensions of outer or inner
mounting arms 21 and 22, respectively, rather than as
discrete masses of material (e.g., weight 28 of Figure
2). The mass of such a weight is determined by the size
and shape of material added as an extension of mounting
arm 21 or 22.

The function of grip-tightening weight 28 will now
be described at a time when cam 16 does not engage
mounting arm 21. When drum 10 rotates in a clockwise
direction (as per arrow 17), grip-tightening weight 28
is subject to a centrifugal force that tends to propel
weight 28 radially outward. The centrifugal force on
grip-tightening weight 28 manifests itself on outer
mounting arm 21 and outer gripping face 18 as a counter-
clockwise grip-tightening force. This counterclockwise
grip-tightening force is additive with the counter-
clockwise bias force created by spring 24 on outer
mounting arm 21. Accordingly, outer gripping face 18
grips sheet 12 more tightly than it would, due to the
effect of the bias force alone. The tightening force is
only present upon rotation of the drum. The magnitude
of the tightening force is proportional to the mass of
grip-tightening weight 28.

The function of sheet-pulling weight 29 will now be
described. When drum 10 rotates clockwise, in the

direction of arrow 17, sheet-pulling weight 29 is
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subjeect to a centrifugal force that tends to propel
weight 29 radially outward. The centrifugal force on
sheet-pulling weight 29 manifests itself on inner
mounting arm 22 as a clockwise sheet-pulling force.

This clockwise sheet-pulling force pivots inner mounting
arm 22 in a clockwise direction, against the action of
spring 27. Inner mounting arm 22 pivots away from rest
stop 26 in a clockwise direction so that inner mounting
face 19 moves substantially along the peripheral surface
of drum 10 in a clockwise direction. Because of the
mounting arrangement of inner and outer mounting arms 22
and 21, respectively, outer gripping face 18 also moves
substantially along the peripheral surface of drum 10 in
a clockwise direction.

As face 18 and face 19 pivot concurrently (i.e.,
with no relative motion between them), edge of sheet 12
is pulled in a clockwise direction. This takes up any
sheet stretching that occurs upon rotation of drum 10.
Such pulling force is only present upon rotation of the
drum. The magnitude of the pulling force is propor-
tional to the mass of sheet-pulling weight 29.

The concurrent movement of cooperating faces 18 and
19 need not occur in a direction substantially along the
peripheral surface of drum 10. It may occur in any
specified direction consistent with the clockwise
pivoting of inner mounting arm 22 and outer mounting arm
21. The only requirement is that movement of the faces
be concurrent in a single direction, with no relative
motion between them, so as not to tear or damage sheet
12. The preferred direction of movement is substan-
tially along the peripheral surface of drum 10. This
direction minimizes the bending or creasing of sheet 12
as it is pulled.

The magnitude of the grip-tightening force is
proportional to the mass of grip-tightening weight 28.
The magnitude of the sheet-pulling force is proportional
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to the mass of sheet-pulling weight 29. Thus, the
tightening and pulling forces may be independently
varied by increasing or decreasing the mass of grip-
tightening weight 28 or sheet-pulling weight 29, respec-
tively.

A second embodiment of the centrifugal clamp is
shown in Figures 3 and 4. 1In this embodiment, a single
clamp is employed along the entire length of drum 10 to
grip the entire leading edge of sheet 12. As in the
first embodiment, outer mounting arm 41 is connected to
outer gripping face 38, and inner mounting arm 42 is
connected to inner gripping face 39. Inner mounting arm
42 and outer mounting arm 41 are mounted for pivotal
movement about common pivot 43.

In this embodiment, inner mounting arm 42 is a
radially extending member. Outer mounting arm 41 sub-
stantially encloses inner mounting arm 42 (see Figure
3). Outer mounting arm 41 is held by pivot 43 at both
ends of drum 10 (see Figure 4). Sufficient clearance 50
about pivot 43 must be provided in inner mounting arm
42. This clearance 50 enables radially inward retrac-
tion of inner mounting arm 42, by a suitable means not
shown, to open the clamp for receipt of the edge of
sheet 12. ' ,

Bias means 44, consists of a spring at each end of
drum 10, between inner mounting arm 42 and outer mounting
arm 41. These springs 44 create a bias force in the
radially outward direction to bias inner gripping face
39 against outer gripping face 38. A spring 47, at each
end of drum 10 holds outer mounting arm 41 in place when
drum 10 is stationary.

Grip~tightening weight 48 is attached to inner
mounting arm 42 by embedding discrete weight 48 within
inner mounting arm 42. Two sheet-pulling weights 49 are
attached to outer mounting arm 41, one at each end of

drum 10. Weights 49 are mounted on outer mounting arm




WO 81/00827

PCT/US80/01211

10

41 by means of threaded collar 51. This permits simple
removal by unscrewing weights 49 from outer mounting arm
41 for purposes of substituting different weights. Aany
other mounting means permitting simple removal may be

5 employed.

When drum 10 rotates in a clockwise direction (as
per arrow 17), grip-tightening weight 48 is subject to a
centrifugal force, tending to propel weight 48 radially
outward. This centifugal force manifests itself on

10 inner gripping face 39 as a radially outward grip-
tightening force. The grip-tightening force is additive
with the radially outward bias force created by spring
44 on inner'mounting arm 42. Accordingly, inner
gripping face 39 grips sheet 12 more tightly than it

15 would, due to the effect of the bias force alone.

When drum 10 rotates in a clockwise direction (as
per arrow 17), sheet-pulling weights 49 are subject to
centrifugal forces tending to propel weights 49 radially
outward. The centrifugal forces on sheet-pulling

20 weights 49 manifest themselves on outer mounting arm 41
as a clockwise sheet-pulling force. This clockwise
sheet-pulling force pivots outer mounting arm 41 in a
clockwise direction, against the action of springs 47.
Outer gripping face 38 moves substantially along the

25 peripheral surface of drum 10 in a clockwise direction.
Inner gripping face 39 also moves substantially along
the peripheral surface of drum 10 in a clockwise direc-
tion. Faces 38 and 39 pivot concurrently, i.e., there
is no relative motion between them. Edge of sheet 12

30 is pulled in a clockwise direction by the concurrent
movement of faces 38 and 39. This takes up any sheet
stretching that occurs upon rotation of drum 10.

Whereas we have illustrated and described the
preferred embodiments of our invention, it is to be

35 understood that we do not limit ourselves to the precise
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constructions herein disclosed and the right is reserved
to all changes and modifications coming within the
scope of the invention as defined in the appended

claims.
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Claims

In a machine having a rotary carrier, apparatus
for tightening the grip on and pulling an edge
of a flexible sheet held on said rotary carrier

comprising;

a clamp, having outer gripping means for gripping
the outer surface of said flexible sheet, inner
gripping means for gripping the inner surface of
said flexible sheet, and means for biasing said
outer gripping means and said inner gripping
means against one another to grip said edge of

said flexible sheet on said rotary carrier,

means for mounting said clamp for limited concurrent
movement of said inner gripping means and said

outer gripping means in a single direction, and

means for rotating said rotary carrier to produce

a first centrifugal force between said inner and
outer gripping means and a second centrifugal force
on said clamp, said first centrifugal force producing
a grip-tightening force between said inner and outer
gripping means in a direction additive to the foxce
developed by said biasing means so as to tighten the
grip of said clamp on the edge of said flexible sheet,
and said second centrifugal force producing a sheet-~
pulling force on said clamp to cause said inner
gripping means and said outer gripping means to move
concurrently, so that said clamp pulls upon the edge
of said sheet so as to stretch said sheet tightly

on said rotary carrier.

In a machine having a rotary carrier, apparatus
for tightening the grip on and pulling an
edge of a flexible sheet held on said rotary

carrier comprising:
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a clamp, having outer gripping means for
gripping the outer surface of said flexible
sheet, inner gripping means for gripping the
inner surface of said flexible sheet, and
means for biasing said outer gripping means
and said inner gripping means against one
another to grip said edge of said flexible

sheet on said rotary carrier,

means for mounting said claim for limited
concurrent movement oOf said inner gripping
means and said outer gripping means in a
single direction,

a grip-tightening weight,
a sheet-pulling weight, and

means for rotating said rotary carrier to
produce a first centrifugal force on said
grip-tightening weight and a second centrifugal
force on said sheet-pulling weight, said
first centrifugal force producing a grip-
tightening force between said inner and outer
gripping means in a direction additive to the
force developed by said biasing means so as
to tighten the grip of said clamp on the edge
of said flexible sheet, and said second
centrifugal force producing a sheet-pulling
force on said clamp to cause said inner
gripping means and said outer gripping means

to move concurrently, so that said clamp

- pulls upon the edge of said sheet so as to

stretch said sheet tightly on said rotary

carrier.
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The apparatus of claim 2 where said grip-tightening
weight is a discrete mass of material attached to

said clamp.

The apparatus of claim 2 where said grip-tightening
weight is a plurality of discrete masses of material

attached to said clamp.

The apparatus of claim 3 or 4 further including
means for mounting said grip-tightening weight to
permit simple removal of said weight from said

clamp.

The apparatus of claim 2 where said sheet-pulling
weight is a discrete mass of material attached to said

clamp.

The apparatus of claim 2 where said sheet-pulling
weight is a plurality of discrete masses of material
attached to said clamp.

The apparatus of claim 6 or 7 further including
means for mounting said sheet-pulling weight to
permit simple removal of said weight from said

clamp.

The apparatus of claim 2 where said grip-tightening
weight is a discrete mass of material embedded

within said clamp.

The apparatus of claim 2 where said sheet-pulling
weight is a discrete mass of material embedded

within said clamp.
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The apparatus of claim 2 where said grip-tightening
weight is an extension of said clamp, the mass

of said grip-tightening weight depending upon

the size and shape of said extension.

The apparatus of claim 2 where said sheet-pulling
weight is an extension of said clamp, the mass of
said sheet-pulling weight dependent upon the size
and shape of said extension.

The apparatus of claim 2 further comprising opening
means, sald opening means moving said outer gripping
means and said inner gripping means away from each
other to form an opening for receiving said flexible

sheet.

In a machine having a rotary carrier, apparétus for
tightening the grip on and pulling the edge of a

flexible sheet held on said rotary carrier comprising:

an outer gripping face for gripping the outer

surface of said flexible sheet,

an inner gripping face for gripping the inner

surface of said flexible sheet,

an outer mounting arm connected at one end to said
outer gripping face,

an inner mounting arm connected at one end to

said inner gripping face,

means for mounting said outer mounting arm and
said inner mounting arm for limited concurrent
movement of said outer gripping face-and said
inner gripping face substantially along the

peripheral surface of said rotary carrier,
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means for biasing said outer mounting arm towards
said inner mounting arm to thereby bias said outer
gripping face against said inner gripping face
to form a clamp for gripping an edge of said

5 flexible sheet on said rotary carrier,

a grip-tightening weight attached to said outer

mounting arm,

a sheet-pulling weight attached to said inner

mounting arm,

10 means for rotating said rotary carrier to produce
a first centrifugal force on said grip-tightening
weight, and a second centrifugal force on said
sheet-pulling weight, said first centrifugal force
producing a grip-tightening force on said inner

15 gripping face in a direction additive to the force
developed by said biasing means so as to tighten
the grip of said inner gripping face and said outer
gripping face on the edge of said flexible sheet,
and said second centrifugal force producing a sheet-

20 pulling force on said inner mounting arm in a
direction to cause said inner mounting arm to
pivot, and thereby cause said inner gripping face
and said outer gripping face to move concurrently
in a direction substantially along the peripheral

25 surface of said rotary carrier so as to pull said
edge to stretch said sheet tightly on said carrier.

15. The apparatus of claim 14 where said grip-
tightening weight is an extension of said outer
mounting arm, the mass of said grip-tightening

30 weight dependent upon the size and shape of said

extension.
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The apparatus of claim 14 where said sheet-pulling
weight is a discrete mass of material embedded

within said inner mounting arm.

The apparatus of claim 14 further comprising a
stop and means to hold said inner mounting arm

against said stop.

The apparatus of claim 14 further comprising
opening means, said opening means pivoting said
outer mounting arm so that said outer gripping
face moves away from said inner gripping face to

form an opening for receiving said- flexible sheet.

In a machine having a rotary carrier, apparatus
for tightening the grip on and pulling the edge
of a flexible sheet held on said rotary carrier

comprising:

an outer gripping face for gripping the outer

surface of said flexible sheet,

an inner gripping face for gripping the inner

surface of said flexible sheet,

an outer mounting arm c¢onnected at one end to

said outer gripping face,

an inner mounting arm connected at one end to

said inner gripping face,

means for mounting said outer mounting arm and
said inner mounting arm for limited concurrent
movement of said outer gripping face and said
inner gripping face substantially along the

peripheral surface of said rotary carrier,
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means for biasing said inner mounting arm
towards said outer mounting arm to thereby bias
said inner gripping face against said outer
gripping face to form a clamp for gripping an
edge of said flexible sheet on the periphery of
said rotary carrier,

a grip-tightening weight attached to said inner
mounting arm,

a sheet-pulling weight attached to said outer
mounting arm,

means for rotating said rotary carrier to
produce a first centrifugal force on said grip-
tightening weight, and a second centrifugal
force on said sheet-pulling weight, said first
centrifugal force producing a grip-tightening
force on said inner gripping face in a direction
additive to the force developed by said biasing
means so as to tighten the grip of said inner
gripping face and said outer gripping face on
the edge of said flexible sheet, and said
second centrifugal force producing a sheet-
pulling force on said outer mounting arm in a
direction to cause said outer mounting arm to
pivot, and thereby cause said outer gripping
face and said inner gripping face biased to
move concurrently in a direction substantially
along the peripheral surface of said rotary
carrier so as to pull said edge to stretch said

sheet tightly on said carrier.

The apparatus of claim 19 where said grip-
tightening weight is a discrete mass of material

embedded within said inner mounting arm.
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The apparatus of claim 19 where said sheet-
pulling weight is a plurality of discrete
masses of material attached to said outer
mounting arm.

The apparatus of claim 21 further including
means for mounting said sheet-pulling weight to
permit simple removal of said weight from said

clamp.

The apparatus of claim 14 or 19 wherein said
clamp mounting means comprises a single common
pivot for said inner and said outer mounting

arms.
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