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(54) Titlee METHOD AND DEVICE FOR TRIMMING AND END-ROUNDING BRISTLES

(57) Abstract

A method of trimming and end-rounding bristles and a device for
carrying out the method are provided. The method includes providing a group
of elongated continuous filaments arranged so that the longitudinal axis of
each of the filaments is substantially parallel to the longitudinal axes of the
other filaments and so that the ends of the filaments define a plane; advancing
the group of filaments to an end-rounding device; end-rounding the group
of filaments; and cutting the filaments to define a bundle of end-rounded

filaments having a predetermined length.
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METHOD AND DEVICE FOR TRIMMING AND END-ROUNDING BRISTLES

The present invention relates to methods and devices for trimming
and end-rounding bristles, e.g., bristles used in toothbrushes.

Brushes of many types are formed by mounting a plurality of bristles,
typically arranged in tufts, on a brush body so that the tips of the bristles together
define a brushing surface. In many applications it is necessary to trim the bristles to
a uniform length (or in some cases to different lengths to form a contoured brushing
surface). Some applications further require that the tips of the bristles be
"end-rounded", i.e., that the shape of the tips be altered from the typical blunt-cut
flat tip surface that is present after trimming to a smooth, relatively hemispherical
tip shape. End-rounding is particularly important when the bristles are to be used in
a toothbrush, as the sharp edges of blunt-cut bristle tips may contribute to gingival
abrasion and/or cause discomfort to the toothbrush user.

The present invention provides an improved process for end-rounding
and trimming filaments, and cutting the end-rounded filaments to length to form
bristles. The bristles are formed by providing continuous filaments of bristle stock,
gathering the filaments together to form a group of filaments arrangled so that the
longitudinal axis of each filament is substantially parallel to the longitudinal axes of
the other filaments and the ends of the filaments define a plane, end-rounding the
ends of the filaments as they are held in the group, and cutting off a length of the
grouped filaments to define a cut bundle. Advantageously, if desired the filaments
can be fed to the device from a spool or other packaging on which the continuous
filaments are wound or contained (e.g., an unwound hank), and the cut bundles can
be transferred easily to a magazine from which the bristles are fed to a tufting
machine.

In one aspect, the invention features a method of trimming and
end-rounding bristles. The method includes (a) providing a group of elongated
continuous filaments arranged so that the longitudinal axis of each of the filaments
is substantially parallel to the longitudinal axes of the other filaments and so that the
ends of the filaments define a plane; (b) providing a device for trimming and
end-rounding bristles that includes (i) a filament advancing device constructed to

receive the filament group from a guide structure and advance the group of
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filaments, comprising a pair of vertically movable jaws, being movable between an
open position in which the group of filaments is axially movable with respect to the
jaws and a closed position in which the jaws grasp the group of filaments; (ii) an
end-rounding device positioned to engage the ends of said elongated filaments when
delivered by said guide structure and to end-round said ends; and (iii) a cutter
constructed to cut said filaments at a predetermined distance from said end-rounded
ends to form a cut bundle of bristles of predetermined length; (c) closing the pair of
vertically moveable jaws to grasp the group of filaments; (d) moving the pair of
jaws vertically to advance the group of filaments to an end-rounding device; (e)
contacting the free ends of the filament group with the end-rounding device to
end-round the group of filaments; and (f) cutting the filaments with the cutting
device, to define a bundle of end-rounded bristles having a predetermined length;
wherein said filament advancing device further comprises a pair of jaws that is fixed
against vertical movement, the jaws being moveable between an open position in
which the group of filaments is axially moveable with respect to the jaws and a
closed position in which the jaws grasp the group of filaments.

In preferred embodiments, the cutting step is performed using a
guillotine cutter and the end-rounding is performed using a belt end-rounder. The
guide structure includes a guide tube constructed to gather the filaments into the
group, and an advancement gripper constructed to grasp the group of filaments and
move the group of filaments to a position in which their ends engage the end-
rounding device. Between steps (d) and (e), the fixed pair of jaws is closed to
grasp the groups of filaments and thereby restrict radial movement of the filaments.
Preferred devices further include a transfer gripper constructed to engage the cut
bundle and transfer the cut bundle to a predetermined location spaced from the
device. When the continuous filaments are provided in the form of a hank wound
on a spool, preferred devices further include a plurality of rollers over which said
continuous filaments are passed, when said device is in use, the rollers being
constructed to direct the filaments into the guide structure. The filament group
includes a sufficient number of filaments to manufacture a plurality of toothbrushes.
It is also preferred that the guide structure, filament advancing device, end-rounding

device, and cutting device be substantially vertically aligned.
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In a further aspect, the invention features a device for trimming and

end-rounding bristles.
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The method and device of the invention allow filaments to be
trimmed and end-rounded easily prior to attachment to a brush. By trimming and
end-rounding bristles prior to attaching the bristles to a brush, excellent
end-rounding can be achieved due to the expanded ability to select the desired
residence time and other parameters during end-rounding (if end-rounding is
performed after tufting, the residence time often is determined by the speed of the
tufting machine). Moreover, waste from trimming is reduced, and the efficiency of
the brush manufacturing process can be dramatically improved.

A device (10) for trimming and end-rounding bristles comprises:

a guide structure constructed to deliver a plurality of continuous
elongated filaments (14) in the form of a group arranged so that the longitudinal
axis of each of the filaments (14) is substantially parallel to the longitudinal axes of
the other filaments (14);

a filament advancing device constructed to receive the filament group
(14) from the guide structure and advance the group of filaments (14), comprising a
pair of vertically movable jaws (32), movable between an open position in which
the group of filaments (14) is axially movable with respect to the jaws (32) and a
closed position in which the jaws (32) grasp the group of filaments (14);

" an end-rounding device (40) positioned to engage the ends of said
elongated filaments (14) when delivered by said guide structure and to end-round
said ends; and

a cutter (48) constructed to cut said filaments (14) at a predetermined
distance from said end-rounded ends to form a cut bundle of bristles of
predetermined length; wherein said filament advancing device further comprises a
pair of jaws (30) that is fixed against vertical movement, said jaws (30) being
movable between an open position in which the group of filaments (14) is axially
movable with respect to the jaws (30) and a closed position in which the jaws (30)
grasp the group of filaments (14).

In a particularly preferred embodiment of the invention, the guide

structure, the filament advancing device, the end-rounding device and the cutting
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device are substantially vertically aligned.

In another aspect, the invention features a method of forming a
toothbrush. The method includes trimming and end-rounding a plurality of
filaments as described above to form bristles having a predetermined length,
providing a toothbrush head, and mounting a plurality of the bristles on the
toothbrush head.

The invention also features bristles having improved end-rounding
characteristics. The shape of the bristle ends can be predetermined, e.g., the bristle
ends can be shaped flat, half spherical, pencil point or any conical shape desired,
depending on how the machine is configured, as would be understood by one skilled
in the art.

The term "guillotine" as used herein refers to a blade that is
constructed to shear through a plurality of filaments without substantial tearing of
the filaments.

Other features and advantages of the invention will be apparent from
the description of the preferred embodiment thereof, and from the claims.

Fig. 1 is a schematic end view of a device according to one
embodiment of the invention. Fig. 1 a is a detailed view of a portion of the device
of Fig. 1 (for clarity, the cutter mechanism is omitted from Fig. 1 a). Fig. 1bisa
side view of the device of Fig. 1, showing the feed path for elongated filaments
wound on a spool. Fig. 1c is a detailed end view of the device, showing the feed
path from above.

Fig. 2 is a schematic top view of the cutter mechanism of the device
of Fig. 1. Fig. 2a is a side view of the cutter mechanism. Fig. 2b is an enlarged

detail view of a portion of the cutter mechanism.
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Fig. 3 is a top view of the advancement gripper used in the device of
Fig. 1, in its open position. Fig. 3a shows.the'advancément gripper in its closed
position. Fig. 3b is a perspective view of the advancement gripper in its closed
position.

Fig. 4 is a schematic side view illustrating the splaying out of the
filaments during contact with the end-rounding device.

Fig. 5 is a top view in the open position, Fig. 5a is a top view in the
closed position, and Fig. 5b is a side view, of the transfer gripper used in Fig. 1.

Referring to Figs. 1-1c, a preferred device 10 includes a spool 12
(Fig. 1b) from which a plurality of continuous filaments 14 are drawn. From the
spool 12, the filaments 14 pass through a series of guide rollers 16, 18, 20, 22. The
rollers have-a “bow-tie” shaped axial cross-section (see Fig. 1c), so that the
filaments are directed together toward the center of the roller surface, gathering
them together. To enhance this gathering effect it is preferred that the rollers
further from the spool have a more steeply pitched “bow-tie” shaped cross-section
than those that are closer to the reel, so as the filaments pass through the successive
rollers they are gradually gathered more and more closely together. This
arrangement has been found to effectively control "unruly" filaments as they are
unwound from the spool and pass through the process, inhibiting the tendency of
the filaments to bulk up and resist feeding.

Next, the gathered filaments 14 are fed into a guide tube 24 having a
funnel-shaped portion 26 at its upper end to help guide and further gather the
filaments as they enter the guide tube 24. To start the process, the filaments are fed
through the guide tube until their gathered ends exit the lower end 28 of the guide
tube and pass through hold grippers 30 and advancement grippers 32.

The ends of the filaments are then grasped and held in this position

by hold grippers 30 (Figs. 1 and la). The advancement grippers 32 and hold

- grippers 30 are substantially identical and are shown in detail in Figs. 3 and 3a and

described below. The hold grippers 30 are mounted in a stationary position, and do
not move in the vertical plane. The jaws of the hold grippers open and close, as
shown in Figs. 3 and 3a, respectively, to grasp or release the filament group.

At this point, the device has been prepared for use, and the filament
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group can now be cut into end-rounded lengths on a substantially continuous basis,
1.e., without repeating the above initial feeding process.
The filament group 14 is next grasped by advancement grippers 32,
and released by hold grippers 30. Advancement grippers 32, like hold grippers 30,
are movable between the open and closed positions shown in Figs. 3 and 3a.
Advancement grippers 32 are also moveable between a plurality of positions in the

vertical plane, e.g., a raised position (shown in Figs. 1 and la) and several lowered

_ positions, by a linear actuator. Preferably, the linear actuator includes a ball

carriage 34 driven by an actuator 36 such as a servomotor or stepper motor. To
continue feeding the filament group 14 through the device, advancement grippers 32
are next moved, still grasping the group, from the raised position to a lowered
position. This feeds the filament group through the bottom guide 38. The bottom
guide includes an aperture slightly larger than the diameter of the group, through
which the group extends. Bottom guide 38 is movable between a raised, normal
position, in which it is out of the way of the cutting device, and a lowered, guide
position, in which it guides the filament group during end-rounding. The bottom
guide 38 is biased, e.g., spring-biased towards its raised position (Figs. 1 and 1a),
and is pushed towards its lowered position by the driven advancement grippers 32.
In its lowered position, bottom guide 38 is positioned at a predetermined height
above the end-rounding device, selected to optimize the degree of “splay” of the
bristles during end-rounding, as will be discussed below.

7 Immediately prior to, or during, the lowerihg of the filament group
by the advancement grippers, belt end-rounder 40 is actuated, i.e., the two motors
44, 46 (Fig. 1) that drive the rotation of the belts of the end-rounder are turned on.
It is preferred that the end-rounder be actuated prior to any contact with the
filament ends, otherwise the filaments may tend to bend in an undesirable manner,

e.g., kink, or to be forced back through the advancement gripper as the actuator

~advances the ball screw. If desired, the end-rounder may be operated continuously

so that it is not necessary to coordinate turning the end-rounder on with lowering of

‘the filament group.

Preferably, the hold gripper 30 is closed prior to engagement of the

ends of the filament group with the belt end-rounder, to stabilize the filament group




10

15

20

25

30

WO 98/44824 . PCT/US98/04261

during end-rounding. _

| When the ends of the filament group are brought into contact with
belt 42 of the end-rounder, the ends splay out as shown in Fig. 4. The extent to
which they splay outwardly will be at least to some degree determinative of the
degree of end-rounding that can be achieved in a given amount of time. The extent
of splay will be determined by several factors: (a) the length of the filament group
that extends below the bottom guide 38, (b) the diameter of the group, as well as
the diameter of the individual filaments, (d) the "interference distance" between the
filament group and the belt, i.e., the amount by which the filament group would
extend below the end-rounder belt if there were an aperture in the belt through
which the group could extend (the filaments being instead deflected outwardly by
pressure exerted against the belt), (e) the driven speed of the end-rounding belts,
and (f) the surface roughness of the end-rounding belts. The driven speed will often
be dictated by the speed required to keep pace with other steps in the brush
manufacturing process. To obtain good end-rounding, it is desirable to have the
filament ends “walk around in a circle” on the belt surface during end-rounding. If
the filament ends do not move around the belt surface at all, generally the ends of
the filaments will just be sanded flat, rather than end-rounded. The above factors
can be adjusted empirically to obtain the desired degree of end-rounding by
observing the resulting condition of the filament ends after completion of the
process and varying any or all of these parameters as needed, as would be
understood by one skilled in the art.:

Preferably, a vacuum shroud is provided adjacent the end-rounding
device, to remove the dust generated during end-rounding, as is well known in the
art.

After the ends of the filament group 14 have been end-rounded, the

filament group is raised to a predetermined position relative to the cutting device 48

by thie advancement grippers 32 in preparation for cutting a length of the

end-rounded filaments for use as bristles. The predetermined position is determined
by the length of bristle that is desired.
When the filament group is in the desired position, it is grasped by

the advance and hold grippers above the cutting device, and by a transfer gripper 70
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(shown in detail in Figs. 5, 5a and 5b) below the cutting device. Holding the
filament group above the cutting device insures an accurate cut at the desired length;‘
Additionally, the hold grippers maintain the desired filament position after cutoff. "
Grasping the filament group below the cutting device allows the cut portion of the
group to be held together and transferred to another location, for example, to a
filament magazine. In a toothbrush manufacturing process, the cut portion would be
transferred to a filament magazine at a tufting station.

The cutting device, shown in Figs. 2-2b, is then actuated. Cutting
device 48 includes a plate 50 having a cutting aperture 52 for receiving the filament
group. Cutting aperture 52 includes a chamfer 54 which is angled to direct the
filament ends into the aperture. Guillotine blade 56 reciprocates between a normal
position (shown in solid lines in Fig. 2) and a cutting position (shown in phantom
lines in Fig. 2) in the manner of a guillotine. The inventors have found that, by
cutting the filaments in this manner, uniform flat ends are obtained without tearing
of the filaments. This result remains relatively consistent even after minor blade
wear occurs. Guillotine blade 56 includes an angled cutting edge 58 (Fig. 2b), to
further ensure that the filaments will be sheared cleanly rather than torn.

The reciprocation of the guillotine blade is actuated by rotation of
crankshaft 59 (Fig. 2), displacing eccentric cam 60 from the position shown in solid
lines through the positions shown in phantom lines in Fig. 2. The eccentric cam, in
turn, displaces bearing 62 against biasing spring 64 (which biases the guillotine
blade 56 towards its normal position), forcing the guillotine blade forward through
the filament group.

As noted above, the advancement gripper 32 and the hold gripper 30
are substantially identical. Accordingly, both are shown in Figs. 3-3b. These
figures will be described with reference to the advancement gripper, for
convenience; the following description, however, applies to both grippers.

Advancement gripper 32 includes a pair of jaws 66a, 66b, that are
moved between open (Fig. 3) and closed (Figs. 3a, 3b) positions by a pneumatic
gripper 68. Jaws 66a, 66b include arcuate portions 70a, 70b that together define an
aperture 72 of variable diameter. When the advancement gripper is in its open

position (Fig. 3), the diameter of aperture 72 is significantly greater than that of the
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filament group, allowing the gripper to be moved axially up and down the length of
the filament group. When the advancement gripper is in its closed position ‘(Figs'.'
3a, 3b), the diameter of aperture 72 is substantially equal to the outer diameter o%
the filament group (in a compressed state), allowing the gripper to grasp the
filament group securely. As shown in Fig. 3b, jaws 66a, 66b preferably include
interlocking fingers 74 to enable the jaws to be moved between their positions in a
controlled manner without less of filament containment.

The transfer grippers 70, shown in Figs. 5-5b, include a pair of jaws
76a, 76b that include arcuate portions 78a, 78b, and an actuator 80 that moves the
jaws between an open position (Fig. 5) and a closed position (Fig. 5a). In the open
position, the arcuate portions 78a, 78b are completely separated, i.e., do not define
an aperture. In the closed position, the arcuate portions 78a, 78b define an aperture
82 having a diameter that is substantially equal to the outer diameter of the cut
bundle, allowing the grippers 70 to firmly grasp the cut bundle.

The following example is intended to be illustrative and not limiting
in effect.

EXAMPLE

Continuous filaments of 7 mil diameter nylon, wound on a spool,
were fed through the device shown in Fig. | in the manner described above. The
interference distance was approximately 0.090 inch. The abrasive medium
(end-rounder belt) was 280 grit silicon carbide. The speed of the abrasive medium
was approximately 70 inches/second, and the orbital speed of the end-rounder head
(speed of rotation in the plane parallel to the plane defined by the ends of the
filaments) was approximately 1000 rpm. The duration of contact of the filament
end contact with the abrasive medium was approximately 8 seconds.

The ends of the filaments were examined after this procedure was
completed, and the ends consistently exhibited the desired shape. In this case a half
Spherical end was desired.

Other embodiments are within the claims.

For example the end-rounding device need not be a belt end-rounder,
as shown, but could instead be any other device that will produce end-rounding of

the filaments chosen. Examples of other suitable end-rounding devices include but
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are not limited to belt end-rounders, drum end-rounders, chemical end-rounders
(e.g., an acid bath), heat end-rounders and ultrasonic end-rounders.

Many types of filaments can be used, provided the filament has
sufficient structural integrity to withstand the process, which can be easily
determined empirically. When the bristles are to be used in toothbrush manufacture,
the filaments would be selected to be suitable for such use. Suitable toothbrush
bristle materials are well known to those skilled in the art.

In addition, although the filaments have been illustrated as being
wound on a spool, the filaments could be provided in any desired manner, e.g., as
an unwound hank. If the filaments were provided in a different manner, the feed
path used would change (would no longer be the rollers illustrated in Figs. 1-1c).
For example, if an unwound hank of filaments were used, the filaments could be fed

through an elongated tube.
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The claims defining the invention are as follows:

1. A method for trimming and end-rounding bristles comprising:

(a) providing a group of elongated continuous filaments arranged so
that the longitudinal axis of each of the filaments is substantially parallel to the
longitudinal axes of the other filaments; '

(b) providing a device for trimming and end-rounding bristles
comprising:

a filament advancing device constructed to receive the filament
group from a guide structure and advance the group of filaments, comprising a pair
of vertically movable jaws, movable between an open position in which the group
of filaments is axially movable with respect to the jaws and a closed position in
which the jaws grasp the éroup of filaments;

an end-rounding device positioned to engage the ends of said
elongated filaments when delivered by said guide structure and to end-round said
ends; and

a cutter constructed to cut said filaments at a predetermined
distance from said end-rounded ends to form a cut bundle of bristles of
predetermined length;

(c) closing the pair of vertically movable jaws to grasp the group of
filaments;

(d) moving the pair of jaws vertically to advance the group of
filaments to an end-rounding device;

(e) contacting the free ends of the filament group with the end-
rounding device to end-round the group of filaments; and ‘

() cutting the filaments with the cutting device to define a bundle of
end-rounded bristles having a predetermined length;

: wherein said filament advancing device further comprises a pair of
jaws that is fixed against vertical movement, said jaws being movable between an
open position in which the group of filaments is axially movable with respect to the
Jaws and a closed position in which the jaws grasp the group of filaments.

2. The method of claim 1, further comprising providing a third pair of
Jaws constructed to grasp the filament group below the cutting device, énd,,during

step (f), grasping the filaments above the cutting device with at least one of the
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fixed or vertically movable pairs-of jaws and grasping the filaments below the
cutting device with the third pair of jaws to stabilize the filaments and cut bristles
during and after cutting.
3. The method of claim 1, further comprising providing a third pair of
jaws, constructed to grasp the group of filaments in a region below the cutting
device, and grasping the group of filaments with the third pair of jaws prior to
cutting the filaments.
4. The method of any of claims 1-3, further comprising providing a
guide member, mounted above the end-rounding device, having an aperture
dimensioned to receive the group of filaments, and inserting the group of filaments
through the guide member to further restrict radial movement of the filaments.
5. The method of any of the preceding claims, further comprising
providing said ‘elongated filaments wound on a spool. '
6. The method of claim 5, further comprising unwinding said elongated
filaments from said spool.
7. The method of any of the preceding claims, wherein said delivering
step comprises passing the elongated filaments through a series of rollers
constructed to gather the filaments into said group.
8. The method of any of the preceding claims, wherein said cutting step
1s performed using a guillotine cutting device.
9. The method of any of the preceding claims, further comprising
selecting said predetermined length so that said bristle is suitable for use as a
toothbrush bristle.
10. The method of any of the preceding claims, further comprising'
selecting said filament group to contain sufficient filaments to form a plurality of
toothbrushes.
11. The method of any of the preceding claims, further comprising
between steps (d) and (e), closing the fixed pair of jaws to grasp the groups of
filaments and thereby restrict radial movement of the filaments.
12. A device for trimming and end-rounding bristles comprising:

a guide structure constructed to deliver a plurality of continuous
elongated filaments in the form of a group arranged so that the longitudinal axis of

each of the filaments is substantially parallel to the longitudinal axes of the other
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filaments;

a‘ filament advancing device constructed to receive the filament group
from the guide structure and advance the group of filaments, comprising a pair of
vertically movable jaws, movable between an open position in which the group of
filaments 1is axially movable with respect to the jaws and a closed position in which
the jaws grasp the group of filaments;

an end-rounding device positioned to engage the ends of said
elongated filaments when delivered by said guide structure and to end-round said
ends; and

a cutter constructed to cut said filaments at a predetermined distance
from said end-rounded ends to form a cut bundle of bristles of predetermined
length; wherein said ﬁlamént advancing device further comprises a pair of jaws that
1s fixed against vertical movement, said jaws being movable between an open
position in which the group of filaments is axially movable with respect to the jaws
and a closed position in which the jaws grasp the group of filaments.

13. The device of claim 12, wherein said cutter is a guillotine cutter.

14. The device of claim 13, wherein said guillotine cutter comprises a
blade having an upper edge and a lower edge and an angled surface therebetween,
the angled surface being acutely angled away from said upper edge toward said
lower edge such that the angled surface faces away from the direction from which
the filament group is being deliv.ered to the cutting device.

1S. The device of claim 13 or 14, wherein said guillotine cutter
comprises a cutting plate having a chamfered cutting aperture.

16. The device of any one of claims 13-15, wherein said guillotine-cutter
comprises a crankshaft; an eccentric cam mounted on said crankshaft for movement
between two positions in response to rotation of said crankshaft; and a guillotine
blade mounted for movement, in response to displacement of said eccentric cam,
from a first, retracted position, to a second, actuated position in which the blade
shears through the group of filaments.

17. The device of any one of claims 12-16, wherein each of said pairs of
jaws comprises opposing arcuate portions constructed to define an aperture of
variable size.

The device of claim 17, wherein each of said pairs of jaws comprises
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two opposing ja\'vs, each jaw cdmprising said arcuate portion and a plurality of
spaced fingers, the fingers of one of the opposing jaws being positioned to interlock
with the fingers of the other opposing jaw.
19. The device of any one of claims 12-18, wherein said guide structure
comprises a guide tube constructed to gather said filaments into said group.
20. The device of claim 19, wherein said guide tube includes a first end
at which said group of filaments enters the guide tube, said first end having a
funnel-shaped portion to direct the filaments into the guide tube.
21. The device of any one of claims 12-20, further comprising a third
pair of jaws constructed to engage the group of filaments below the cutting device
and to transfer the cut bundle to a predetermined location spaced from the device.
22. The device 6f any one of claims 12-21, further comprising a plurality
of rollers over which the group of filaments is passed, when the device is in use,
said rollers being constructed to direct said filaments into said guide structure.
23. The device of claim 22, wherein said rollers each have a converging
surface shaped to urge the filaments together as they pass over each roller.
24, The device according to any one of claims 12-23, wherein the ends
of the filaments in the filament group define a plane; and

wherein the guide structure, the filament advancing device, the end-
rounding device, and the cutting device are substantially vertically aligned.
25. A method of trimming and end-rounding bristles substantially as
hereinbefore described with reference to the accompanying drawings.
26. A device for trimming and end-rounding bristles substantially as

hereinbefore described with reference to the accompanying drawings.
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