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(57) ABSTRACT 

An apparatus and method for producing brushes. The bristle 
bundles are loaded into a magazine which includes part of a 
cavity for an injection mold. The magazine is mated with the 
remainder of the injection mold and the brush handle 
injection molded around the bristles. The bristles may be 
profiled, trimmed, end-rounded, fused, or otherwise pro 
cessed before the handle is injection molded. In addition, the 
handle of the brush may be formed in two injection molding 
Steps of two different materials. An apparatus is taught 
which enables the brush to be produced, optionally orna 
mented, and packaged on a Single machine. 
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FIG. 1 1A - 1 
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FIG. 1 1A-2 
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APPARATUS AND METHOD FOR PRODUCING 
BRUSHWARE BY INJECTION MOLDING 

0001. This application is a divisional application of and 
claims the priority of U.S. patent application Ser. No. 
09/494,946, filed Feb. 1, 2000, the entire contents of which 
are incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 This invention is related to methods for producing 
brushware by injection molding, Specifically methods of 
producing brushware by in-mold bristling techniques. 

BACKGROUND OF THE INVENTION 

0003. The variety of brands, designs, and styles of tooth 
brushes available in the United States today is truly stag 
gering. Brushes are available in sizes and Styles appropriate 
for babies, adults, dentures, Sensitive gums, and other spe 
cialized needs. Brushes can be had in every color of the 
rainbow and decorated with logos ranging from mermaids 
and cartoon characters to trade names of various kinds. Most 
brushes are produced via a two part technique. The handles 
are produced by injection molding, and the bristles are later 
inserted into a head portion of the handle. One common 
technique for inserting the bristles into the brushes is to 
Staple them. Bristles are folded around a metal Staple which 
is pushed into pre-molded holes in the brush. The Staple cuts 
its way into the brush handle, which holds it and the bristles 
Securely. However, rough use can easily remove the bristles 
from the handle, leading to Shedding, or, in a Worst case 
Scenario, release of the metal Staple inside the mouth. 
0004 Techniques wherein the bristles are fused with the 
handles can be used to produce brushes where the bristles 
are much harder to remove from the brush. Either the bristles 
or the brush head, or both, are heated, and the bristles are 
inserted into holes in the handle, where they are retained by 
the cooling plastic. Exemplary techniques for brush produc 
tion by fusion, such as those disclosed in U.S. Pat. Nos. 
4,609.228 and 4,646,381, produce brushes with high bristle 
retention Strength but retain the economic disadvantage that 
the brush is produced in a two-part process on two different 
machines. That is, the handles are still produced on a 
different machine than the one on which the bristles are 
inserted into the handle. It is thus desirable to produce a 
toothbrush using techniques which minimize the apparatus 
used, and consequently, the amount of time and number of 
perSonnel required to produce the brushes. 
0005 In-mold bristling processes, wherein the handle of 
the brush is injection molded around the bristles, have been 
used to produce a variety of different brushes. For example, 
U.S. Pat. No. 4,635,313 (the 313 patent) to Fassler, 
describes an in-mold bristling proceSS wherein the ends of 
the bristles are fused prior to the injection molding of the 
handle. The illustrative drawing on the front page of the 
patent shows a nail brush; however, the technique can also 
be used to produce toothbrushes. One concern in the pro 
duction of brushes by this technique is the penetration 
(“flash”) of injection molded material through the bristle 
bundles into the face of the brush. This is not only unsightly 
but unhygienic because the exceSS material provides an 
excellent hiding place for bacteria and mold. To prevent this, 
the 313 patent describes a method of Sealing the opening of 
the injection mold through which the bristles enter the mold 
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with a melted fuse at the end of the bristle bundles. U.S. Pat. 
No. 5,045,267 (the 267 patent) to Weihrauch discloses a 
variation of the in-mold bristling technique described in the 
313 patent. However, in the 267 patent, the fused ends of 
the bristle bundles are pulled against Sleeves projecting from 
the end of the channels which lead into the mold. The tensile 
force holding the fuse against the Sleeve further discourages 
injection molded material from penetrating the bristle 
bundles. 

0006 U.S. Pat. No. 5,143,424 to Boucherie also 
describes an in-mold bristling process. Bristles are loaded 
into one end of a two-ended magazine while, at the other 
end, the handle material is simultaneously injection molded 
into a previously loaded Second end of the magazine. Each 
of the two ends of the magazine can hold the bristles for a 
Single brush and mate with an injection mold to complete a 
mold cavity into which the handle is injection molded. 

0007 U.S. Pat. No. 5,823,633 to Weihrauch describes an 
in-mold bristling process similar to that described by the 
267 patent. However, in this invention, the fuseballs are not 
brought into Sealing contact with the Sleeve. Instead, they 
are maintained at a finite distance, between 0.1 mm and 2.0 
mm, from the opening of the channel, allowing air to escape 
from the mold cavity through the channel. The gap increases 
the depth of the fuses within the handle, reinforcing the 
length of bristle bundle material immediately adjacent to the 
fuse and increasing the force required to remove the bristle 
bundles from the brush handle. However, this technique also 
allows injection molded material to penetrate the bristle 
bundle and flash over the head of the brush. 

0008 U.S. Pat. No. 5,458,400 to Meyer and U.S. Pat. No. 
5,474,366 to Strutt, et al., describe techniques wherein a first 
Section of the brush, including a portion of the head and at 
least part of the handle is injection molded before the bristles 
are inserted into the mold. The bristle bundles are inserted 
into holes in the first brush section, after which the rest of the 
brush is injection molded. 

0009 U.S. Pat. No. 5,609,890 to Boucherie describes an 
in-mold bristling process wherein the handle comprises two 
materials instead of a Single injection molded material. The 
invention utilizes a molding machine which comprises at 
least two injection molding Stations and a tuft feeding 
Station. At the feeding Station, the bristles are fed into a 
magazine, following which the ends of the bristles are fused. 
The magazine, which includes part of a mold cavity, is 
mated with the rest of an injection mold, completing the 
mold cavity. The first section of the brush, including the 
head, is injection molded, following which the magazine, 
Still carrying the first injection molded Section of the brush, 
is transferred to a Second injection mold, whereat the 
remainder of the brush is injection molded. 

SUMMARY OF THE INVENTION 

0010. In one aspect, the invention is a method for manu 
facturing brushes. The method includes the Steps of inserting 
a plurality of bristle bundles into a first mold cavity in a 
magazine, manipulating at least one end of the bristle 
bundles, mating the first mold cavity portion with a Second 
injection mold cavity portion in an injection mold, and 
injection molding at least a portion of a brush handle. The 
first and Second cavity portions define the shape of the 
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portion of the brush handle. The bristles may be inserted into 
the magazine from an endleSS Supply or a Supply of pre-cut 
bristles. 

0.011 Manipulating may comprise adjusting the relative 
heights of the bristle bundles with respect to one another 
before the first part of the brush handle is injection molded. 
Within the individual bristle bundles, the relative heights of 
a portion of the bristles may also be adjusted with respect to 
each other at this time. A non-use side of the bristle bundles 
may be trimmed to produce a level plane, and a portion of 
the bristle bundle may be end-rounded before or following 
the Step of injection molding. Following the initial adjusting 
step, the relative height of the bristle bundles with respect to 
one another may be inverted in a further adjusting Step. 
Alternatively, manipulating may include fusing a non-use 
end of each bristle bundle to form a region having a greater 
diameter than that of the remainder of the bristle bundle. The 
fusion may be accomplished thermally or chemically and 
may be followed by pressing the fused ends against a portion 
of the first mold cavity portion. Thermal fusion may be 
accomplished by a contact heater, a non-contact heater, or 
hot air. If the bristles are fused thermally, they may be 
partially flattened while the fused ends are still warm. A 
portion of the brush handle may comprise polypropylene, 
cellulose propionate acetate, polyethylene terephthalate, or a 
thermoplastic polymer. 

0012. The process may further comprise removing the 
completed portion of the brush handle from the second mold 
cavity portion, mating the magazine and the portion of the 
brush handle with a Subsequent mold cavity portion, and 
injection molding an additional portion of the brush handle. 
The completed portion of the brush handle and the Subse 
quent mold cavity portion define the shape of the additional 
portion of the brush handle. The additional portion may 
comprise a thermoplastic elastomer, polypropylene, cellu 
lose propionate acetate, polyethylene terephthalate, or a 
thermoplastic polymer. The completed portion of the brush 
handle may be at least partially Supported by the bristle 
bundles when it is carried by the magazine to the Subsequent 
mold cavity portion, but not all the bristle bundles need be 
retained in the completed portion of the brush. 

0013 The magazine may be arranged and constructed to 
hold bristle bundles corresponding to a plurality of brushes 
Such that the plurality of brushes can be produced Simulta 
neously. For example, the magazine may be arranged and 
constructed to hold bristle bundles corresponding to four 
brushes simultaneously. All of the brushes need not be the 
Same color. The process may further comprise packaging, 
ornamenting, or labeling the completed brush. Ornamenting 
may include hot-stamping, Stamping a decoration, or apply 
ing a label. An insert may be placed into the magazine to be 
incorporated into the completed brush. The insert may be a 
metal Shank or a plastic insert. 
0.014. In another aspect, the invention is a magazine for 
conveying bristle bundles along a brush making apparatus. 
The magazine includes a mold face, a mold cavity portion 
disposed in the mold face having the shape of part of a head 
of the brush, a back Side, a clamping plate disposed between 
the mold face and the back Side, and a plurality of channels 
extending through the magazine into the mold cavity for 
holding bristle bundles in a configuration corresponding to 
the desired arrangement of a set of bristle bundles in a brush. 

Feb. 19, 2004 

The magazine may hold sets of bristle bundles for a plurality 
of brushes and may be arranged and constructed to clamp 
and release the set of bristles for each brush independently. 
For example, the magazine may be arranged and constructed 
to hold at least four sets of bristle bundles. Each channel may 
include an opening into the mold cavity portion with a 
slotted sleeve. 

0015 The magazine may further include a detachable 
trim plate in cooperation with the mold cavity portion. The 
trim plate includes channels which coincide with the chan 
nels through the magazine. A Surface of the trim plate may 
project above the mold face or be flush with the mold face 
when the plate is in cooperation with the mold cavity 
portion. When the magazine is Seated in an injection mold 
ing apparatus, the mold cavity portion of the magazine may 
cooperate with the mold cavity portion of the apparatus to 
define a mold cavity having the shape of a portion of the 
brush. The magazine may further comprise a cut plate 
mounted on the back Side of the magazine with channels 
coinciding with the channels through the magazine. A por 
tion of the channels may be skewed with respect to one 
another or lie in interSecting planes. 

0016. In another aspect, the invention is a method for 
processing bristles for a brush. The method comprises 
holding the bristles in bundles in a magazine, adjusting the 
relative height of at least a portion of the bristle bundles with 
respect to one another, trimming non-use ends of at least a 
portion of the bristle bundles to produce a level plane, 
heating the non-use ends of the bristle bundles to melt the 
ends of the bristles, and end-rounding use-ends of the bristle 
bundles. The Step of adjusting may be performed with pins 
which approach both ends of the bristle bundles. Alterna 
tively, this step of adjusting may comprise providing a plate 
in cooperation with a side of the magazine Such that the plate 
includes holes in an arrangement corresponding to a con 
figuration of the bristles in the magazine Such that each hole 
ends in a Surface corresponding to a desired arrangement of 
bristle Strands or the inverse of the desired arrangements of 
the bristle Strands, and pressing an end of the bristle bundles 
against the Surface in the hole with a preSSurized fluid. This 
Step of adjusting may further include adjusting the relative 
heights of at least a portion of the bristles within the bundles 
with respect to one another. 
0017. After the step of heating and melting the non-use 
ends of the bristle bundles, the melted portion of the bristle 
bundles may be flattened or brought into contact with a 
portion of the magazine, or both. A portion of the bristle 
bundles may be skewed with respect to one another in the 
magazine or may lie in interSecting planes. The Steps of 
adjusting and trimming may be repeated, and the Step of 
end-rounding may be performed in Several Steps. Following 
the Steps of heating and melting the ends of the bristle 
bundles, a diameter of the melted ends of the bristle bundles 
may be greater than the diameter of the unmelted portion of 
the bristle bundles. The step of adjusting may be performed 
prior or Subsequent to the Step of end-rounding. 

0018. In another aspect, the invention is an apparatus for 
injection molding a plastic article having at least two com 
ponents. The apparatus comprises a first and a Second 
injection molding machine each of which comprises at least 
a first injection unit. The apparatus can be operated in one of 
two modes. The first mode comprises injection molding a 
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first component of the plastic article at the first injection unit 
on the first injection molding machine and injection molding 
a Second component of the plastic article at the first injection 
unit on the Second injection molding machine. The Second 
mode comprises injection molding a first component of the 
plastic article at the first injection unit on the first injection 
molding machine or the Second injection molding machine 
and injection molding a Second component of the plastic 
article at a Second injection unit on the injection molding 
machine at which the first component was injected. The first 
component may comprise polypropylene, cellulose propi 
onate acetate, polyethylene terephthalate, or a thermoplastic 
polymer. The Second component may comprise a thermo 
plastic polymer or a thermoplastic elastomer. The apparatus 
may comprise first, Second, and third injection molding 
machines. If the apparatus includes a third injection molding 
machine, the first component may be injection molded in 
either of the first or Second injection molding machines in 
the first mode. 

0019. The apparatus may further include a conveyer 
System which delivers a holder comprising part of the mold 
cavity to the injection unit at which the first component is 
injected and which delivers the holder and the first compo 
nent of the plastic article to the injection unit at which the 
Second component is injection molded. The apparatus may 
further include a computer which chooses to which injection 
unit to Send the holder for the first injection molding Step and 
the Second injection molding Step. At least one of the 
injection molding machines may comprise first, Second, 
third, and fourth injection units. The first and Second injec 
tion units may be operated together and the third and fourth 
injection units may be operated together. 

0020. In another aspect, the invention is an apparatus for 
producing a brush by injection molding. The apparatus 
includes at least one station at which bristle bundles are fed 
into channels in a magazine, a Station where at the relative 
heights of the bristle bundles in the magazine are adjusted, 
a Station at which non-use ends of the bristle bundles are 
trimmed in a level plane, a Station at which non-use ends of 
the bristle bundles are fused, a Station at which the use-ends 
of the bristle bundles are end-rounded, a first injection unit, 
and a conveyer which transports the magazines to the 
different Stations. At least a portion of the magazine forms 
part of a mold cavity in the first injection unit. The level 
plane may be defined by a trim plate in cooperation with the 
magazine. The apparatus may further comprise a return 
conveyer to return the trim plate to an unfilled magazine. 
The bristle bundles may be fed into the magazine from an 
endleSS Supply, for example, a creel System, or from a 
pre-cut Supply of bristles. 

0021. The relative heights of the bristle bundles may be 
adjusted by pins entering the magazine from a first and a 
Second Side. The magazine need not be perpendicular to the 
pins, and an end Surface of a portion of the pins need not be 
perpendicular to their longitudinal axis. The Station at which 
the relative heights of the bristles are adjusted may include 
an insert having holes in an arrangement corresponding to 
the configuration of the bristle bundles in the magazine, 
wherein the insert is placed in contact with the magazine 
Such that the channels are co-axially aligned with the holes, 
and a Source of preSSurized air configured to be in fluidic 
communication with the channels. Such that the bristle 
bundles are interposed between the Source of preSSurized air 

Feb. 19, 2004 

and the holes. Each hole ends in a Surface corresponding to 
a desired arrangement of bristle Strands or the inverse of the 
desired arrangement of bristle Strands. The relative heights 
of the individual bristles within the bristle bundles may be 
adjusted at the Station at which the relative heights of the 
bristle bundles are adjusted. Some of the bristle bundles may 
be skewed with respect to one another or lie in interSecting 
planes. The apparatus may comprise at least two stations at 
which bristle bundle heights are adjusted and two Stations 
where at the bristle bundles are trimmed. If so, then the 
height adjustment Stations and trimming Stations alternate 
Such that at least Some of the bristle bundles are trimmed 
before the magazine enters the Second height adjustment 
Station. 

0022. The apparatus may further comprise a station at 
which the fused ends of the bristle bundles are flattened or 
pressed against a portion of the magazine. The apparatus 
may include a plurality of injection units configured Such 
that the brush is produced from at least two different 
polymers. The apparatus may comprise a plurality of injec 
tion molding machines, each of which may include a plu 
rality of injection units. The injection molding machines 
may be configured Such that the brush is produced from at 
least two different polymers. 
0023 The apparatus may further comprise a packaging 
system for the completed brush or a station at which the 
brush can be ornamented or labeled. The apparatus may also 
include a return conveyer for the used magazine or Stations 
at which the relative heights of the bristle bundles are 
adjusted prior to or Subsequent to the end-rounding Station. 

BRIEF DESCRIPTION OF THE DRAWING 

0024. The invention is described with reference to the 
Several figures of the drawing, in which, 
0025 FIG. 1 is a flow chart of the in-mold bristling 
proceSS, 

0026 FIG. 2 is a plan view of a magazine which can hold 
up to four toothbrushes at a time, in which trim plates have 
been fitted to the magazine; 
0027 FIG. 3 is a cross-sectional view of the magazine; 
0028 FIG. 4 depicts one unit of the magazine shown in 
FIG. 2 with bristle bundles inserted into the channels; 
0029) 
0030 FIG. 6 is a top view of a toothbrush head with the 
bristle bundles in varying orientations, 
0031 FIG. 7 depicts one unit of the magazine of FIG.2, 
wherein the ends of the bristle bundles have been fused; 

FIG. 5 is a cross-sectional view of a toothbrush; 

0032 FIG. 8A is a plan view of a mold cavity portion of 
the magazine, showing a Slotted sleeve projecting from the 
molding surface and the fused end of the bristle bundle 
pushed onto the sleeve; 
0033 FIG. 8B is a cross-sectional view of the magazine 
portion of the mold cavity portion depicted in FIG. 8A, 
showing the relative positioning of the fuse, bristle bundle, 
and Slotted sleeve; 

0034 FIG. 8C is a plan view of the slotted sleeve 
projecting from the Surface of the mold cavity portion in the 
magazine; 
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0035 FIG. 9 is a diagram of the different possible heights 
of the bristle bundles and the bristles within the bundles; and 

0036 FIG. 10A is a plan view of a toothbrush head; 
0037 FIG. 10B is a cross-sectional view of a toothbrush 
head; 
0038 FIGS. 11A and 11B are flow charts of injection 
molding processes according to the invention; 
0.039 FIG. 12A is a cross-sectional view of the magazine 
and a partially completed toothbrush; and 
0040 FIG.12B is a cross-sectional view of the magazine 
and a completed toothbrush. 

DETAILED DESCRIPTION 

0041 FIG. 1 is a flow chart showing a Summary of an 
in-mold bristling System 5 according to one embodiment of 
the invention. The System includes a nylon preparation 
Subsystem 10, an injection molding Subsystem 20, and a 
conveying and packaging Subsystem 30. The toothbrushes 
are carried through the system 5 by a magazine 100 (FIG. 
2), which includes a section of the mold and retaining means 
for bristle bundles. The magazine can hold bristles for any 
number of toothbrushes; the embodiment of the magazine 
shown in FIG. 2 is adapted for production of up to four 
toothbrushes. Because the bristle bundles for each tooth 
brush are Supported by an individual clamp mechanism, the 
apparatus of the invention can be operated with magazines 
that hold any number of toothbrushes from one to six, seven, 
eight, or even more. The clamp includes a sliding Switch 112 
which moves a sliding cam action 114 in a brush holding 
unit 121. FIG. 3 shows a cross section of the magazine 100, 
including a locking plate 116, which is shown projecting 
from the magazine 100. The sliding cam action 114 shifts 
locking plate 116 between an engaged and a disengaged 
position when moved by sliding Switch 112. The locking 
plate 116 includes holes which, when the locking plate 116 
is in a disengaged position, coincide with channels 118 
which run through the magazine. Bristle bundles 130 are 
inserted into channels 118 from an endless Supply, for 
example, a creel System, and cut at cut plate 120 of magazine 
100. In an alternative embodiment, the bristles may be 
inserted into channel 118 from hanks or other arrangements 
of pre-cut bristles. In addition to the bristles, an insert Such 
as a metal Shank, plastic insert, or other non-bristle object 
may be inserted into the magazine and incorporated into the 
brush. The bristle bundles penetrate through the channels 
118 into channels 122 in trim plate 124, which cooperates 
with a mold cavity portion 126 cut into a mold side 128 of 
magazine 100 in the magazine. Channels 122 coincide with 
the channels 118 through the magazine 100. When locking 
plate 116 is engaged, the holes in the plate are off-set from 
channels 118 and clamp the bristle bundles 130 in place. The 
locking plate 116 can be disengaged and re-engaged to allow 
the bristle bundles 130 to be moved within the channels 118 
or released from the magazine 100 depicted in FIG. 2. 
Because each brush holding unit 121, depicted in part by 
Switch 112 and locking plate 116, has an individual clamping 
mechanism, the bristle bundles can be inserted and manipu 
lated for each brush individually. 
0042 FIG. 4 shows the bristle bundles 130 inserted into 
the channels 118 in one brush holding unit 121 of magazine 
100. According to a preferred embodiment of the invention, 
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the bristle bundles 120 are inserted into the magazine 100 at 
two bristle inserting Stations in the nylon preparation unit 10. 
Bristle bundles 130 are inserted into two of the four brush 
holding units 121 at one of the stations and into channels 118 
of the remaining bristle holding units 121 at the Second 
bristle inserting station. Before the magazine 100 travels 
from the first bristle inserting station to the second bristle 
inserting station, the bristle bundles 130 for the first two 
bristle holding units 121 are cut. The bristle bundles 130 for 
the Second two bristle holding units 121 are cut at the Second 
bristle inserting station. While FIG. 2 shows the cut plate 
120 as a component of magazine 100, the cut plate may 
instead be incorporated into a feed guide through which the 
bristle bundles are initially introduced into the apparatus. 

0043. Once the bristle bundles 130 have been inserted 
into the magazine 100 and cut from the endless strand, they 
are shaped and profiled. Pins approach both ends of the cut 
bundles 130 through channels 118 and 122 and push against 
the bundles 130, adjusting both the relative bundle height 
and the surface profile. The pins need not be flat. Each 
individual bristle bundle 130 can have a profile, and overall 
shape of the collective of bristle bundles 130 may also be 
contoured. For example, the overall collection of bristle 
bundles 130 may have a round profile, as shown in FIG. 5. 
To maintain the profile depicted in FIG. 5, each individual 
bristle bundle 130 cannot have its ends in a plane parallel to 
the magazine. Instead, each individual bristle bundle 130 has 
a contour which conforms to the overall contour of the 
bristle bundles 130. Of course, the final profile of the brush 
may be a flat plane. 

0044) In an alternative embodiment, the bristle bundles 
may be profiled with compressed air. Methods for air 
profiling are well known in the art; one method is disclosed 
in U.S. Pat. No. 5,454,626 to Schiffer, et al., the contents of 
which are incorporated herein by reference. A plate is 
brought in contact with a Surface of the magazine. If the 
plate is brought in contact with the back-Side of the maga 
Zine 100, into which the use ends of the bristle bundles 130 
protrude, then the plate will have holes whose ends are 
machined to reflect the final profile of the bristles. Pressur 
ized air is directed into the channels 118 and 122, pushing 
the bristle bundles 130 against the inside of the plate and 
profiling them. The procedure can be performed in the same 
manner with a plate abutting the mold cavity Side of the 
magazine 100. In this case, the ends of the holes in the plate 
are machined to have the reverse of the profile desired for 
the bristle bundles, and pressurized air is directed into the 
channels 118 from the back-side of magazine 100. 

0045 Indeed, while FIG. 3 shows a series of channels 
118 which are all parallel to one another, it is not necessary 
that the channels 118, 122 or the bristle bundles 130 be so 
oriented. Individual channels 118, 122 and bristle bundles 
130 may be skewed with respect to one another or may lie 
in interSecting planes. 

0046 For example, FIG. 6 shows a diagram of a brush 
head 200, including several orientations of bristle bundles 
130. The center row of bristle bundles 210 is oriented 
roughly perpendicularly to the head of the brush. A Second 
group of bristle bundles 212 is situated in a plane parallel to 
the bristle bundles 210 but in a skewed orientation. That is, 
the bristle bundles in rows 210 and 212 lie in parallel planes, 
but the individual bundles in the two groups are not parallel 
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to each other. Third and fourth groups of bristle bundles 214 
and 216 lie in planes which intersect not only each other but 
the planes defined by bristle bundle groups 212 and 210. In 
general, the bristle bundles 130 can be situated at any 
orientation with respect to the head 200 of the brush. From 
the above discussion, it is evident that the invention can be 
used to produce brushes having a wide variety of bristle 
bundle sizes, shapes, and arrangements. For example, cur 
rently marketed brushes frequently include triangular and 
elliptical bristle bundles, and the figures depict Several 
different arrangements of bristles. 
0047 Depending on the relative orientations of the bristle 
bundles 130 with respect to each other, several profiling 
Station/trimming Station pairs may be necessary. At each 
Station, the magazine may need to be rotated or tilted, 
depending on the necessary orientation of the pins with 
respect to the magazine. Alternatively, the profiling and 
trimming Stations may be oriented relative to the magazine 
100. For example, for the brush head 200, separate profiling 
stations are required for bundle sets 214 and 216. 
0048 While the bristle bundles are oriented at a variety 
of angles in magazine 100, they are parallel to one another 
as they enter a feed system which directs the bristle bundles 
130 into the magazine 100. Thus, the bristle bundles must 
traverse a corner to pass from the feed System into the 
magazine. If the angle of the bristle bundles with respect to 
the face of the magazine 100 is too large, the bristle bundle 
may jam as it is being fed into the magazine. Thus, it is 
preferable to include a Series of transition plates between the 
feed System and the magazine. An exemplary design for the 
transition plates is included in our concurrently filed appli 
cation entitled, "Method of Bristle Insertion for Brush 
Production,” the contents of which are incorporated herein 
by reference. The transition plates may be mounted to and 
form part of the feed System. Each plate includes channels 
which together form a continuous path for the bristle bundle 
material through the Set of plates, much as channels 118 and 
122 describe a continuous path through magazine 100. 
However, in each plate, the channels are oriented at a 
different angle. For example, the channels in the plate closest 
to a bristle source may be oriented at 3, while the next plate 
in the Set is oriented at 6. Upon emerging from the Second 
set of plates, the bristle bundles will be oriented at 6 with 
respect to the material entering the feed System. A Series of 
plates can be set up consecutively to transition the bristle 
bundles over a wide variety of angles, depending on the 
number of plates and the included angle in each plate. 
0049. The magazine 100 then proceeds to a trimming 
station, whereat the bristle bundles 130 are cut from the 
mating Side of the magazine at the trim plate 124. AS can be 
seen from FIG. 3, the collection of bristle bundles 130 will 
define a level plane as they protrude into the trim plate 124 
and a profiled surface oriented towards the cut plate 120. 
Because the surface of the trim plate 124 is flat, the cut 
surface of the bristle bundles 130 also form a flat plane with 
respect to each other. However, the Surface of the trim plate 
124, as shown in FIG. 2, is not necessarily flush with the 
surface of the magazine 100. Thus, when the trim plate 124 
is removed, the ends of the bristle bundles 130 are not 
necessarily in the same plane as the mold side 128 of the 
magazine 100. 
0050. The thickness of the trim plate 124, and, thus, the 
height at which it protrudes above the Surface of the mating 

Feb. 19, 2004 

plate 128, may be adjusted depending on the properties of 
the bristle bundle material. AS is well known in the art, 
different materials will lead to different amounts of contrac 
tion in the bristle bundles 130 when they are heated and 
fused. The extent of Shrinkage also depends heavily on the 
diameter of the bristle bundles 130 and coatings which may 
be present on the individual bristle strands. Some materials 
may require a large exceSS length and a thick trim plate 124, 
while otherS may not require any exceSS length at all, 
allowing the trim plate 124 to lie flush with the surface of the 
magazine 100. 
0051. After the magazine 100 has proceeded to all the 
profile and trimming Stations, the trim plate 124 is removed 
from the magazine 100 and returned to the beginning of the 
System 5 by a separate return mechanism, Such as a con 
veyor. The trimmed ends of the bristle bundles 130, which 
protrude from the magazine 100 as shown in FIG. 4, are 
then fused with a non-contact heater. While it is preferable 
to heat the bristle bundles 130 with a non-contact heater, it 
is well known in the art to use contact heaters, chemicals, hot 
air cannons, or any other technique which will increase flow 
in the polymer forming the bristles. The heat melts the ends 
of the bristle bundles 130, and the polymer flows to form 
Small, melted fuseballs 220 at the end of the bristle bundles 
130, as shown in FIG. 7. 
0052 The fuses 220 may be pressed against the inside of 
the mold cavity portion 126. If they are still hot and 
malleable, they may also be flattened into a desired shape. 
The fuses 220 are not actually pushed against the inside 
surface of the mold cavity portion 126. Instead, they are 
pushed against Small slotted sleeves 230 which protrude 
from the openings of the individual channels 118 (FIG. 8). 
FIG. 8A shows the slotted sleeves 230 protruding from the 
surface of mold cavity portion 126. Fuse 220 has been 
pushed against the top surface of the sleeve. FIG. 8B shows 
a cross section of the view in FIG. 8A, wherein the channels 
118 and bristle bundles 130 are visible. An individual slotted 
sleeve 230 on an empty magazine 100 is shown in FIG. 8C. 
The sleeves 230 each have small slots 232. The purpose of 
these slots 232 and the sleeves 230 will be explained in 
connection with the injection molding System. 

0053. After the bristle bundles 130 have been fused and 
the fused ends 220 optionally flattened and pushed against 
the slotted sleeves 230 within the mold cavity portion 126, 
the other, unmelted, ends of the bristle bundles 130 are 
end-rounded. These ends will become the use ends of the 
brush; therefore, they must be processed in order to avoid 
cutting or overly abrading the gums of the user. Sanders 
rotating in a circular motion abrade the end of the bristles, 
rounding the sharp corners of the cut ends. FIG. 9 shows a 
number of exemplary heights and profiles for the bristle 
bundles 130. Any combination of these or other profiles may 
be used in a toothbrush, according to the desires of the 
manufacturer. If the maximum difference X in height among 
the bristle bundles 130 is less than 3.2 mm, the ends of the 
bristles can all be end rounded in a single Step. Otherwise, 
it may be necessary to end-round the bristles in two or more 
StepS at two or more Stations. At one of the Stations, Some of 
the bristles are protected with an insert which prevents them 
from being overly abraded. Preferably, the longer bristles are 
shielded during the end rounding of the shorter bristles. In 
this case, the distance between the bristle ends and the 
Sander is adjusted Such that, when the longer bristles are 
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Sanded, the shorter bristles do not touch the Sander. The use 
of Such inserts is well known to those skilled in the art. 

0.054 The processed bristles, still clamped into the maga 
Zine, are then transported to a mold. A preferred embodiment 
of the System 5 includes three injection mold machines, each 
having an input queue, four injection units, and an output 
conveyor. In a preferred embodiment, each injection unit can 
Supply material for two mold cavities. The injection mold 
machines can be configured to produce brushes having 
monochromatic or multicolored handles. However, the 
invention does not require twelve injection units, it can be 
practiced with four injection units which may be located on 
a Single injection machine. Alternatively, as will be seen 
below, it is possible to practice the invention using two 
injection mold machines, each of which includes either two 
or four injection units. In any one of the above embodiments, 
additional injection mold machines, which may in turn 
include two or more injection units, may be added to the 
System as required. In a preferred embodiment, each injec 
tion unit can inject materials for two brush holding units 121 
on the magazine 100 at the same time. The handle of brush 
240 (see FIG. 12) is formed in two injection shots, and the 
operator may choose whether to perform both injections on 
a single injection mold machine or whether to do the first 
injection on one machine and the Second injection on a 
Second machine. In addition, because each of the twelve 
injection units can be set up with different colors of the 
polymer, toothbrushes can be produced in a variety of colors 
Simultaneously. Of course, if only a Single color is desired 
for the handle, only two injection units are necessary for this 
embodiment. Indeed, depending on the number of compo 
nents or the number of brush holding units 121 on the 
magazine 100, it may be desirable to configure the injection 
unit to Supply fewer or more mold cavities or to use fewer 
or more injection units on a given machine. Alternatively, 
the handle can be formed in a plurality of injection molding 
shots to produce a brush with three, four, or more compo 
nents. Indeed, it is not even necessary to injection mold the 
entire head of the brush in the first shot. It will be clear from 
discussion of the various operating modes that additional 
injection machines can be added to the System, regardless of 
how many colors or components the final product will have. 
Additionally, the handle can be compression molded instead 
of injection molded. In general, the invention is meant to 
encompass any number of injection mold machines with any 
number of injection units which in turn may each Supply any 
number of mold cavities. The number and configuration of 
mold machines and units will be determined by the design 
of the brush and the capacity of the magazine. 
0055. In general, for the first injection molding shot, the 
mold cavity portions 126 are mated with complementary 
mold cavity portions in the first injection mold machine. AS 
noted before, mold cavity portion 126 forms part of the head 
200 of the brush 240. The mold cavity portions in the 
machine, in combination with mold cavity portion 126, 
define the remainder of brush handle section 250. In a 
preferred embodiment, the four mold cavities defined by the 
mating of the portions on the magazine and the machine are 
Supplied by two injection units. Indexing mechanisms. Such 
as pins and grooves are used to carefully align the mold 
cavity portions 126 in magazine 100 with the mold cavity 
portions in the injection mold machine. The first injection 
molding shot is typically polypropylene, cellulose acetate 
propionate (propionate), or polyethylene terephthalate. 
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Other thermoplastics can also be used to practice the inven 
tion. Following the first shot, the injection mold machine 
opens, and the magazine transports the bristle bundles 130 
and the newly formed brush handle section 250 to second 
shot mold with a pick-and-place System or other transport 
mechanism (FIG. 12A). In a preferred embodiment, the 
Second shot mold includes four mold cavity portions fitted 
with two additional injection units. It is necessary to ensure 
that the first section 250 of the brush handle is sufficiently 
cool and Stiff not to Sag under its own weight because its 
center of gravity is not Supported by the mold cavity portion 
126 in the magazine 100. After the transfer, the magazine 
100 is again carefully aligned with the second set of mold 
cavity portions. This time, the brush handle section 250 itself 
actually forms a boundary for the molding of the Second 
component 252. The Second polymer, typically a thermo 
plastic elastomer, is then injection molded. When the injec 
tion mold machine opens, the entire brush 240 is fully 
formed and supported by the bristle bundles 130 clamped in 
the magazine 100. Modules to Stamp decorations, paste 
labels, or otherwise ornament the brushes 240 may be added 
to the system 5 following the mold units and prior to the 
release of the brushes 240. It is common to hot stamp an 
inventory label, Such as a date Stamp, onto the handles as 
well. Techniques for ornamenting and labeling brushes are 
well known in the art. Once brush 240 has been decorated, 
it is transported to a packaging Subsystem 30 and released 
from the magazine 100. The magazine 100 is returned to the 
beginning of the production System 5 on a return conveyor, 
and the completed brushes 240 are packaged for transport to 
the customer. A wide variety of appropriate packaging 
methods for the invention are well known in the art. For 
example, brushes can be bulk packed into cartons or placed 
in individual boxes. An RF sealer may be employed to 
enclose the brushes in individual blister packs. Additional 
objects, Such as Small toys or novelty items, can be co 
packaged with the brushes if a form-fill-seal apparatus is 
used. A flat sheet of plastic is configured to hold the brush 
and optional toy, which are then loaded into the newly 
formed pockets in the plastic sheet. Abacker, Such as a piece 
of cardboard, is thermally Sealed to the plastic, enclosing the 
brush and other items. 

0056. One goal of prior artin-mold bristling techniques is 
to Solve two problems relating to the injection molding of 
incompletely sealed Systems: 1) the release of air from the 
mold and 2) the prevention of flashing of injection molded 
material into the face of brush 240. The instant invention is 
unique in being able to Solve these two problems Simulta 
neously. The slot 232 in the sleeve 230 allows air to be 
pushed out of the mold cavity portion 126 through the 
channels 118 by the pressure of the injection molded mate 
rial. However, the slot 232 in the sleeve 230 also allows a 
Small amount of injection molded material to exit the cavity. 
This injection molded material forms small tabs 242 in the 
bristle bundles 130 which further helps retain them in the 
head 200 of the brush 240 (FIG. 10A, bristle bundle 130 
shown as outline). FIG. 10B depicts a cross-sectional view 
of fuse 220 and bristle bundle 130 across tabs 242. For 
current bristle materials, the fused ends 220 of the bristle 
bundles 130 are somewhat larger in diameter than the bristle 
bundles 130. This also facilitates retention because injection 
molded material flows around the fuses 220 and the nar 
rower bristle bundles 130, obstructing the path of the fused 
ends 220 through the head 200 of the brush 240. The tabs 
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242, meanwhile, are large enough to retain the bristle 
bundles 130 within the brush head 200, but not so large as 
to appear unsightly to the consumer. 
0057. As noted above, the molding Subsystem 20 of the 
production System 5 may be operated in two modes. In the 
first mode, the magazine 100 transports the bristle bundles 
130 to a first shot mold in any of the three injection molding 
machines at which the first component of the toothbrush 
handle is injection molded (FIGS. 11A and 12A). The 
magazine 100, carrying a first injection molded section 250 
of the brush handle, is then transported to a Second shot mold 
in the same injection mold machine, and a Second Section 
252 of the brush 240 is injection molded (FIG. 12B). The 
output conveyor takes the magazine 100 to the System 
conveyor, which transports the magazine 100 directly to any 
intermediate decorating units and then to the packaging 
Subsystem System 30. A computer notes the occupancy of 
the injection mold machines and directs incoming maga 
Zines 100 accordingly to prevent backlogs and congestion 
and to optimally utilize the mold machines. 
0058. In a second mode, depicted in FIG. 11B, the first 
two injection mold machines are used to inject the first 
component 250, and the third injection molding machine is 
used to inject the second component 252. For the embodi 
ment where a magazine carries four brushes and each 
injection unit Supplies two molds, the computer directs an 
incoming magazine 100 to either a first or Second pair of 
injection units on either of the first two injection mold 
machines, depending on their occupancy. After the first 
component 250 is injected, the magazine 100, carrying the 
first section 250 of the brush handle, is then directed to one 
of two second shot molds on the third injection mold 
machine, each of which, in this embodiment, comprises two 
injection units. The four pairs of injection units on the first 
two machines can Support two pairs of injection units on the 
third machine because, for Some materials, it will take 
somewhat longer to injection mold the first component 250 
of the handle and allow it enough time to cool So that it does 
not bend or fleX as it is being carried to the third injection 
mold machine at which the second component 252 is 
injection molded. AS noted above, it may be desirable to 
configure the injection mold machines to Support fewer or 
greater molds for the first and/or Second shot. Again, a 
computer can be used to direct the incoming magazines 
among the mold machines. Both of these modes can be 
adjusted to allow production of brushes with fewer or more 
components. 

0059) The machining of the mold cavity portion 126 of 
the magazine 100, in addition to the mold cavity portions in 
the injection mold machines, must be carefully controlled to 
ensure that the mold cavity portion 126 in the magazine 100 
correctly mates with the mold cavity portion for the first 
injection mold shot and that the first component of the brush 
handle correctly mates with the mold cavity portion for the 
Second injection mold shot. Careful machining is required to 
account for the thermal expansion, or, in this case, contrac 
tion of the first injection molded component 250. The first 
component 250 of the brush handle will occupy a slightly 
larger Volume in the first injection unit than it does in the 
Second injection unit because the plastic will Shrink as it 
cools. The amount of Shrinkage varies with the polymer that 
is used to form the handle; thus, the machining must be 
carefully adjusted for the different polymers that might be 
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used to form the first component of the brush. Different 
plastics may shrink 3/1000" to 25/1000" per inch as they cool 
from the molding temperature to a temperature where the 
handles can be removed from the mold. In addition, different 
plastics will require different cooling times and different 
injection molding times, partially dictating which one of the 
two operation modes a practitioner will use when injection 
molding the brushes. As will be evident to one skilled in the 
art, it is possible to end-round the bristles of the brush after 
the handle has been injection molded. 
0060. Other embodiments of the invention will be appar 
ent to those skilled in the art from a consideration of the 
Specification or practice of the invention disclosed herein. It 
is intended that the Specification and examples be considered 
as exemplary only, with the true Scope and Spirit of the 
invention being indicated by the following claims. 
What is claimed is: 

1. A process for manufacturing brushes, comprising: 
inserting a plurality of bristle bundles into a first mold 

cavity portion in a magazine, 
manipulating at least one end of the bristle bundles, 
mating the first mold cavity portion with a Second mold 

cavity portion in an injection mold; and 
injection molding at least a portion of a brush handle, 
wherein the first and Second cavity portions define the 

shape of the portion of the brush handle. 
2. The process of claim 1, wherein the bristles are inserted 

into the magazine from an endleSS Supply. 
3. The process of claim 1, wherein the bristles are inserted 

into the magazine from a Supply of pre-cut bristles. 
4. The process of claim 1, wherein the Step of manipu 

lating comprises adjusting the relative heights of the bristle 
bundles with respect to one another before the first portion 
of the brush handle is injection molded. 

5. The process of claim 4, wherein the Step of adjusting 
comprises adjusting the relative heights of at least a portion 
of the bristles within the bundles with respect to each other. 

6. The process of claim 4, further comprising trimming a 
non-use Side of the bristle bundles to produce a level plane. 

7. The process of claim 4, further comprising end-round 
ing at least a portion of the bristle bundles. 

8. The process of claim 7, further comprising adjusting the 
relative height of the bristle bundles with respect to one 
another such that the profile of the bristle bundles is inverted 
with respect to the profile they had following the prior 
adjusting Step. 

9. The process of claim 1, wherein the step of manipu 
lating comprises end-rounding at least a portion of the bristle 
bundles. 

10. The process of claim 9, wherein the step of end 
rounding is performed following the Step of injection mold 
Ing. 

11. The process of claim 1, wherein the Step of manipu 
lating comprises fusing a non-use end of each bristle bundle 
to form regions on each bristle bundle having a greater 
diameter than that of the remainder of the bristle bundle. 

12. The process of claim 11, further comprising pressing 
the fused ends against a portion of the first mold cavity 
portion. 

13. The process of claim 11, wherein the fusion is 
accomplished thermally or chemically. 
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14. The process of claim 13, wherein the non-use ends of 
the bristle bundles are fused by a contact heater, a non 
contact heater, or hot air. 

15. The process of claim 13, wherein the fusion is 
accomplished thermally, and wherein the process further 
comprises at least partially flattening the heated, melted ends 
of the bristle bundles while they are still warm. 

16. The process of claim 1, wherein at least a portion of 
the brush handle comprises polypropylene, cellulose propi 
onate acetate, polyethylene terephthalate, or a thermoplastic 
polymer. 

17. The process of claim 1, further comprising: 
removing the completed portion of the brush handle from 

the Second mold cavity portion; 
mating the magazine and the portion of the brush handle 

with a Subsequent mold cavity portion; and 
injection molding an additional portion of the brush 

handle, 
wherein the completed portion of the brush handle and the 

Subsequent mold cavity portion define the shape of the 
additional portion of the brush handle. 

18. The process of claim 17, wherein the additional 
portion of the brush handle comprises a thermoplastic elas 
tomer, polypropylene, cellulose propionate acetate, polyeth 
ylene terephthalate, or a thermoplastic polymer. 

19. The process of claim 17, wherein the steps of remov 
ing, mating, and injection molding are repeated. 

20. The process of claim 17, wherein the completed 
portion of the brush handle is at least partially supported by 
the bristle bundles when it is carried by the magazine to the 
Subsequent mold cavity portion. 

21. The process of claim 1, wherein at least a portion of 
the bristle bundles are not retained in the completed portion 
of the brush. 

22. The process of claim 1, further comprising packaging 
the completed brushes. 

23. The process of claim 1, wherein the magazine is 
arranged and constructed to hold bristle bundles correspond 
ing to a plurality of brushes Simultaneously and wherein the 
plurality of brushes can be produced Simultaneously. 

24. The process of claim 23, wherein at least a portion of 
the plurality of brushes are not all the same color. 

25. The process of claim 23, wherein the magazine is 
arranged and constructed to hold bristle bundles correspond 
ing to four brushes Simultaneously. 

26. The process of claim 1, further comprising ornament 
ing the completed brush. 

27. The process of claim 1, wherein ornamenting com 
prises hot-stamping, Stamping a decoration, or pasting a 
label. 

28. The process of claim 1, further comprising labeling 
the completed brush. 

29. The process of claim 1, further comprising placing an 
insert into the magazine. 

30. The process of claim 29, wherein the insert is a metal 
Shank or a plastic insert. 

31. A magazine for conveying bristle bundles along a 
brush making apparatus comprising: 

a mold face; 
a mold cavity portion disposed in the mold face having the 

shape of part of a head of a brush; 

Feb. 19, 2004 

a back Side; 
a clamping plate disposed between the mold face and the 

back Side, and 
a plurality of channels extending through the magazine 

into the mold cavity for holding bristle bundles in a 
configuration corresponding to the desired arrangement 
of a set of bristle bundles in the brush. 

32. The magazine of claim 31, wherein the magazine can 
hold sets of bristle bundles for a plurality of brushes, and 

the magazine is arranged and constructed to clamp and 
release the set of bristle bundles for each brush inde 
pendently. 

33. The magazine of claim 32, wherein the magazine is 
arranged and constructed to hold at least four Sets of bristle 
bundles. 

34. The magazine of claim 31, wherein each channel 
comprises an opening into the mold cavity portion having a 
slotted sleeve. 

35. The magazine of claim 31, further comprising a 
detachable trim plate in cooperation with the mold cavity 
portion, wherein the trim plate includes channels which 
coincide with the channels through the magazine. 

36. The magazine of claim 35, wherein, when the trim 
plate is in cooperation with the mold cavity portion, a 
surface of the trim plate is flush with the mold face of the 
magazine. 

37. The magazine of claim 35, wherein, when the trim 
plate is in cooperation with the mold cavity portion, the trim 
plate projects above the mold face. 

38. The magazine of claim 31, wherein, when the maga 
Zine is Seated in an injection molding apparatus, the mold 
cavity portion of the magazine cooperates with a mold 
cavity portion of the apparatus to define a mold cavity 
having the shape of a portion of the brush. 

39. The magazine of claim 31, wherein a portion of the 
channels are skewed with respect to one another. 

40. The magazine of claim 31, wherein a portion of the 
channels lie in interSecting planes. 

41. The magazine of claim 31, further comprising a cut 
plate mounted on the back Side of the magazine having 
channels coinciding with the channels through the maga 
ZC. 

42. A method for processing bristles for a brush, com 
prising: 

holding the bristles in bundles in a magazine, 
adjusting the relative height of at least a portion of the 

bristle bundles with respect to each other; 
trimming non-use ends of at least a portion of the bristle 

bundles to produce a level plane, 
heating the non-use ends of the bristle bundles to melt the 

ends of the bristles; and 
end-rounding use ends of the bristle bundles. 
43. The method of claim 42, wherein the step of adjusting 

is performed with pins which approach both ends of the 
bristle bundles. 

44. The method of claim 42, wherein the step of adjusting 
comprises: 

providing a plate in cooperation with a Side of the 
magazine, wherein the plate includes holes in an 
arrangement corresponding to a configuration of the 
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bristles in the magazine and wherein each hole ends in 
a Surface corresponding to a desired arrangement of 
bristle Strands or the inverse of the desired arrangement 
of bristle strands; and 

pressing an end of the bristle bundles against the Surface 
in the hole with a pressurized fluid. 

45. The method of claim 42, wherein the step of adjusting 
comprises adjusting the relative heights of at least a portion 
of the bristles within the bundles with respect to each other. 

46. The method of claim 42, wherein after the step of 
heating and melting the non-use ends of the bristle bundles, 
the melted portion of the bristle bundles are flattened. 

47. The method of claim 42, wherein after the step of 
heating and melting the non-use ends of the bristle bundles, 
the melted ends of the bristle bundles are brought into 
contact with a portion of the magazine. 

48. The method of claim 42, wherein a portion of the 
bristle bundles are skewed with respect to each other in the 
holder. 

49. The method of claim 48, wherein the steps of adjust 
ing and trimming are repeated at least once. 

50. The method of claim 42, wherein a portion of the 
bristle bundles lie in interSecting planes. 

51. The method of claim 50, wherein the steps of adjust 
ing and trimming are repeated at least once. 

52. The method of claim 42, wherein the step of end 
rounding is performed in Several Steps. 

53. The method of claim 42, wherein, following the step 
of heating and melting the ends of the bristle bundles, a 
diameter of the melted ends of the bristle bundles is greater 
than the diameter of the unmelted portion of the bristle 
bundles. 

54. The method of claim 42, wherein the step of adjusting 
is performed prior or Subsequent to the Step of end-rounding. 

55. An apparatus for injection molding a plastic article 
having at least two components, comprising: 

at least a first and a Second injection molding machine, 
wherein 

each injection molding machine comprises at least a 
first injection unit, and 

the apparatus can be operated in either a first mode or 
a Second mode, wherein: 

the first mode comprises: 
injection molding a first component of the plastic 

article at the first injection unit on the first 
injection molding machine; and 

injection molding a Second component of the 
plastic article at the first injection unit on the 
Second injection molding machine, and 

the Second mode comprises: 
injection molding a first component of the plastic 

article at the first injection unit on the first 
injection molding machine or the Second injec 
tion molding machine; and 

injection molding a Second component of the 
plastic article at a Second injection unit on the 
injection molding machine whereat the first 
component was injected. 
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56. The apparatus of claim 55, wherein the first compo 
nent comprises polypropylene, cellulose propionate acetate, 
polyethylene terephthalate, or a thermoplastic polymer. 

57. The apparatus of claim 55, wherein the second com 
ponent comprises a thermoplastic polymer or a thermoplas 
tic elastomer. 

58. The apparatus of claim 55, wherein the apparatus 
comprises first, Second, and third injection molding 
machines. 

59. The apparatus of claim 58, wherein in the first mode, 
the first component may be injection molded in either of the 
first or Second injection molding machines. 

60. The apparatus of claim 55, further comprising a 
conveyor System which delivers a holder comprising a part 
of the mold cavity to the injection unit at which the first 
component is injected and which delivers the holder and the 
first component of the plastic article to the injection unit at 
which the Second component is injection molded. 

61. The apparatus of claim 60, further including a com 
puter which chooses to which injection unit to Send the 
holder for the first injection molding Step and the Second 
injection molding Step. 

62. The apparatus of claim 55, wherein at least one of the 
injection mold machines comprises first, Second, third, and 
fourth injection units. 

63. The apparatus of claim 62, wherein the first and 
Second injection units are operated together and wherein the 
third and fourth injection units are operated together. 

64. An apparatus for producing a brush by injection 
molding, comprising: 

at least one station whereat bristle bundles are fed into 
channels in a magazine, 

at least one Station whereat the relative heights of the 
bristle bundles in the magazine are adjusted; 

at least one Station whereat the non-use ends of the bristle 
bundles are trimmed in a level plane; 

at least one Station whereat the non-use ends of the bristle 
bundles are fused; 

at least one Station whereat the use ends of the bristle 
bundles are end-rounded; 

at least a first injection unit; and 
a conveyor which transports the magazine to the different 

Stations, 
wherein at least a portion of the magazine forms part of 

a mold cavity in the first injection unit. 
65. The apparatus of claim 64, wherein the level plane is 

defined by a trim plate in cooperation with the magazine. 
66. The apparatus of claim 65, further comprising a return 

conveyor to return the trim plate to an unfilled magazine. 
67. The apparatus of claim 64, wherein the bristle bundles 

are fed into the magazine from an endleSS Supply. 
68. The apparatus of claim 67, wherein the endless supply 

comprises a creel System. 
69. The apparatus of claim 64, wherein the bristle bundles 

are fed into the magazine from a pre-cut Supply of bristles. 
70. The apparatus of claim 64, wherein the relative 

heights of the bristle bundles are adjusted by pins entering 
the magazine from a first Side and a Second Side. 

71. The apparatus of claim 70, wherein the magazine is 
not perpendicular to the pins. 
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72. The apparatus of claim 70, wherein an end surface 
of-at least a portion of the pins is not perpendicular to a 
longitudinal axis of Said pins. 

73. The apparatus of claim 64, wherein the station whereat 
the relative heights of the bristle are adjusted comprises: 

an insert comprising holes in an arrangement correspond 
ing to the configuration of the bristle bundles in the 
magazine, wherein each hole ends in a Surface corre 
sponding to a desired arrangement of bristle Strands or 
the inverse of the desired arrangement of bristle 
Strands, 

placing means to bring the insert into contact with the 
magazine Such that the channels are coaxially aligned 
with the holes; and 

a Source of pressurized air configured to be in fluidic 
communication with the channels. Such that the bristle 
bundles are interposed between the Source of preSSur 
ized air and the holes. 

74. The apparatus of claim 64, wherein the relative 
heights of the individual bristles within the bristle bundles 
are adjusted at the Station whereat the relative heights of the 
bristle bundles are adjusted. 

75. The apparatus of claim 64, wherein some of the bristle 
bundles are skewed with respect to each other. 

76. The apparatus of claim 64, wherein some of the bristle 
bundles lie in interSecting planes. 

77. The apparatus of claim 64, comprising at least two 
Stations whereat bristle bundle heights are adjusted and two 
stations whereat the bristle bundles are trimmed, wherein the 
height adjustment Stations and trimming Stations alternate, 
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Such that at least Some of the bristle bundles are trimmed 
before the magazine enters the Second height adjustment 
Station. 

78. The apparatus of claim 64, further comprising a 
station whereat the fused ends of the bristle bundles are 
pressed against a portion of the magazine. 

79. The apparatus of claim 64, further comprising a 
station whereat the fused ends of the bristle bundles are 
flattened. 

80. The apparatus of claim 64, wherein the apparatus 
includes a plurality of injection units and wherein the 
plurality of injection units are configured Such that the brush 
is produced from at least two different polymers. 

81. The apparatus of claim 64, further comprising a 
plurality of injection molding machines. 

82. The apparatus of claim 81, wherein each injection 
molding machine includes a plurality of injection units. 

83. The apparatus of claim 81, wherein the injection 
molding machines are configured Such that the brush is 
produced from at least two different polymers. 

84. The apparatus of claim 64, further comprising a 
packaging System for the completed brush. 

85. The apparatus of claim 64, further comprising a return 
conveyor for the used magazine. 

86. The apparatus of claim 64, further comprising a 
station whereat the brush can be ornamented or labeled. 

87. The apparatus of claim 64, further comprising Stations 
whereat the relative heights of the bristle bundles are 
adjusted prior to or Subsequent to the end-rounding Station. 
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