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A Method of Injection Molding of Brushes     The present invention relates
to a method of injection mold-  ing of brushes, in particular of tooth
brushes, using a mold  with at least two relatively movable mold parts
defining a  mold cavity.    Conventional molds for molding brushes
generally have a sta-  tionary mold part and a movable mold part with tuft
inser-  tion holes therein. Each mold part defines a portion of the  mold
cavity. To start the production of a brush, the movable  mold part is
withdrawn from the stationary mold part to open  the mold. Tufts of
bristles are then introduced into the  tuft insertion holes, so that they
have one end projecting  into the cavity portion defined by the movable
mold part.  These bristle ends are then exposed to heat to form a knob  of
molten bristle material at the end of each tuft. There-  after, the mold
parts are moved against each other to close  the mold. Plasticized molding
material is then ejected into  the cavity and around each knob of bristle
material. The  knobs of bristle material close the respective tuft inser-
tion holes to prevent leakage of molding material from the  cavity.
Tufts of bristles incorporated in the brush body by em-  bedding the tuft
end in the molding material tend to spread  open because there is a release
of radial pressure around 



the implanted base of the tuft when the finished brushes are  ejected from
the mold. Thus, the bristles in each tuft are  not strictly parallel and
the brush may look somewhat like a  used brush. This is, of course,
undesirable.       WO 95/27605
PCT/EP95/01247                             -2 -   The present invention
provides a method of injection molding  of brushes wherein the tufts of
bristles are prevented from  spreading open after ejection of the brush
from the mold.    According to the invention, each tuft of bristles is
pushed  deeper into the molding material simultaneously preventing
plasticized molding material from leaking out of the cavity  and into the
tuft insertion holes. By pushing the tufts  deeper into the molding
material, they have a greater length  embedded in the brush body, thus
minimizing any tendency for  the tuft bristles to spread open. However, by
pushing the  tufts deeper into the molding material, the knobs formed on
their ends within the cavity retract from the edges of the  respective tuft
insertion holes, so that plasticized molding  material may penetrate
between the tuft bristles and into  the tuft insertion holes. Therefore,
the method of the in-  vention includes the additional step of preventing
plasti-  cized molding material from leaking out of the cavity and  into
the tuft insertion holes when the knobs of molten bris-  tle material have
retracted from the edges of the respective  tuft insertion holes.    There
are several ways to prevent leakage of plasticized  molding material from
the cavity and into the tuft insertion  holes. A first way is an
appropriate timing for the moment  at which the tuft is pushed deeper into
the molding materi-  al, so that deeper penetration is still possible,
although  the plasticized molding material has lost viscosity due to  the
cooling of the mold and therefore can not flow out of  the mold. A second
way is the use of tuft insertion tubes  slidingly fitting into the tuft
insertion holes and advanced 



therein to project out of the hole and into the mold cavity,  the front
edge of the insertion tube engaging the knob of  molten bristle material to
close any path for a potential  leakage through the internal channel in the
tube. Prefera-  bly, the tuft insertion tube  is retracted from the cavity
after the tuft of bristles has been advanced further into  the molding
material, at a moment where the molding material       WO 95/27605
PCT/EP95/01247                             -3-   is still in a sufficiently
plasticized state to flow into  the annular space left by retraction of the
tube.    Further features and advantages of the invention will stand  out
from the following description of several embodiments of  the invention,
with reference to the drawings, wherein:    Fig. 1    is a schematic
sectional view of a mold which can            be used to perform the method
of the invention;    Fig. 2    is an enlarged partial view of the mold
shown in            Fig. 1 after retraction of the movable mold part
and insertion of tufts of brush bristles;    Fig. 3    illustrates a tuft
of bristles embedded in the            molding material;    Fig. 4    shows
a tuft of bristles tending to spread open;    Fig. 5    shows a tuft of
bristles pushed deeper into the            molding material;    Fig. 6
illustrates the use of a tuft insertion tube; 



Fig. 7    is a view similar to Fig. 6, but showing a knob of
bristle material formed at the end of the tuft            projecting into
the mold cavity;    Fig. 8    is a view similar to Fig. 7, but showing the
knob            on the end of the tuft embedded in molding materi-
al and pushed deeper into the material;    Fig. 9    is a view similar to
Fig. 8, [err] showing the tuft            insertion tube retracted from the
cavity;    Fig. 10   illustrates an alternative embodiment with a
pusher needle penetrating between the bristles and       WO 95/27605
PCT/EP95/01247                              -4-             engaging the
knob formed on the end of tuft pro-            jecting into the cavity; and
Fig. 11   is a view similar to Fig. 10, but showing the tuft
with the knob on its end pushed deeper into the            molded material.
The mold shown in Fig. 1 is designed for the production of  tooth brushes
in a single operation, embedding the ends of  tufts of bristles in the
injection molded head portion of  the brush body. The mold comprises a
first, movable mold  part 10 and a second, stationary mold part 12,. A
continuous  cavity 14 is defined by mold parts 10,12 when the mold is
closed, as shown in Fig. 1. The mold cavity 14 corresponds  in shape to the
body of the tooth brushes to be produced.  The movable mold part 10 is
provided with a plurality of 



tuft insertion holes 16 extending through the thickness of  the mold part.
Although a single cavity 14 is shown in Fig. 1, it should be  understood
that the mold can be provided with a plurality of  similar mold cavities in
closely adjacent relationship for  simultaneous production of a plurality
of tooth brushes.    To prepare the mold for the production of a new tooth
brush,  the mold is opened by retraction of movable mold part 10. As  shown
in Fig. 2, tufts of pre-finished bristles 18 are in-  troduced through the
tuft insertion holes 16 so that the  forward ends thereof project into the
mold cavity portion  14a defined in the mold part 10. Plunger members 20
engaged  into the tuft insertion holes 16 can be used to advance the  tufts
of bristles 18 until their ends project into the cavi-  ty portion 14a over
the desired length. These plunger mem-  bers 20 are carried by a
reciprocating pusher block 22, as  schematically shown in Fig. 2. The ends
18a of the tufts 18  projecting into the cavity portion 14a are now exposed
to  heat from a hot air gun 24 or a heating plate 26, for exam-  ple, to
partially fuse the bristle ends and form individual       WO 95/27605
PCT/EP95/01247                              -5-   knobs of molten bristle
material at each tuft end. As a next  step, the mold is closed, and
injection of plasticized mold-  ing material is started. When the cavity 14
is filled with  molding material, the knobs of molten bristle material are
embedded in the molding material. After completion of the  injection step,
the mold can be opened to eject the finished  tooth brush. Ejection of the
finished tooth brush can be  performed or at least assisted by the plunger
members 20,  pushing the tufts 18 out of the tuft insertion holes 16.
Fig. 3 shows the desired configuration of a tuft 18 of bris- 



tles having a knob 18b of molten bristle material embedded  in the
injection molded head portion 30 of the finished  brush body. The bristles
of the tuft 18 extend in a  straight, parallel relationship.    In
practice, however, the tufts incorporated into the brush  body with the
method disclosed so far tend to spread open,  as shown in Fig. 4. It has
been found that this undesirable  effect can be avoided by pushing the tuft
18 with the knob  18b formed on its end deeper into the molding material of
the head portion 30. As shown in Fig. 5, the knob 18b is  burried in the
molding material, forming a collar 31 of mold-  ing material extending
around the embedded base part of the  tuft and holding radially together
the bristles of the tuft  18 under the action of pressure within the cavity
during  injection of the plasticized molding material.    The knobs 18b of
molten bristle material not only hold the  bristles together at their ends
projecting into the cavity,  they also prevent leakage from the cavity into
the internal  channels of the tuft insertion holes 16 as long as the
portion of the knobs 18b surrounding the base of the tuft  end engages the
circular edge of the respective tuft inser-  tion hole 16 opening into the
mold cavity. This function of  leakage prevention is assisted by the
internal pressure in  the cavity 14 during injection of the plasticized
molding  material since the knobs 18b of molten bristle material are
WO 95/27605                                      PCT/EP95/01247
-6-   pushed against the internal edges of the tuft insertion  holes 16.
When the tufts 18 with the knobs 18b are pushed deeper into  the molding
material, as shown in Fig. 5, the knobs 18b are,  of course, disengaged and
retracted from the respective in- 



ternal edges of the tuft insertion holes 16. Thus, the knobs  18b can not
prevent leakage of plasticized molding material  out of the cavity 14.
According to a first aspect of the inventive method, such  leakage is
prevented by appropriately timing the moment at  which the tufts 18 are
pushed deeper into the molding mate-  rial, taking into account the
viscosity of the plasticized  molding material. Due to the cooling of the
mold, the in-  jected molding material will lose viscosity after completion
of the injecting step. Thus, in order to prevent leakage of  plasticized
molding material from the cavity 14, the step of  pushing the tufts 18
deeper into the molding material is  performed after completion of the
injecting step at the  moment when the viscosity of the material still
allows a  deeper penetration of the knobs 18b, but is insufficient to
allow leakage through the narrow interstices between the  bristles and the
walls of the tuft insertion holes 16.    According to another aspect of the
inventive method, the  leakage prevention function of the knobs 18b is
maintained  although they retract from the internal edges of the tuft
insertion holes 16 when they are advanced deeper into the  molding
material. This embodiment is illustrated in Figs. 6  to 9.    As shown in
Fig. 6, a tuft insertion tube 32 with a tuft of  bristles 18 is used for
introduction of the tuft 18 into  each tuft insertion hole 16. The tube 32
is slidingly and  sealingly received in the channel of the tuft insertion
hole  16. The tube 32 is advanced through the mold part 10 until  its
forward end is flush with the internal cavity defining       WO 95/27605
PCT/E995/01247                              -7-   face 14b of mold part 10.
The bristle ends 18a project into 



the cavity portion 14a (Fig. 2). The bristle ends 18a are  now exposed to
heat to form knobs 18b of molten bristle  material, as shown in Fig. 7.
During injection of plasticized molding material 40, as  shown in Fig. 8,
the tubes 32 are advanced and pushed deeper  into the molding material 40
with the front ends of the  tubes 32 remaining engaged with the base
portion of the  knobs 18b. Thus, the knobs 18b continue to perform a
leakage  prevention function with respect to the internal channel of  the
tubes 32, thus preventing leakage of plasticized molding  material from the
cavity 14. This step of the method is  illustrated in Fig. 8.    As shown
in Fig. 9, the plunger members 20 remain engaged  with the bristle ends
opposite the knob 18b and are held in  this position. While the molding
material is still in a  plasticized state, the tubes 32 are now retracted,
leaving  the knobs 18b embedded deeper in the molding material 40,  and
simultaneously leaving an annular space 42 around the  base part of each
tuft 18. Since the molding material 40 is  still in a sufficiently
plasticized state the annular space  or gap 42 will be substantially filled
under the action of  internal pressure in the cavity to form the collar 31
(Fig.  5), extending around the base portion of the tuft 18. Again,
retraction of the tubes 32 is timed so that the ejected  molding material
40 has hardened to some extent to prevent  it from leaking out of the
cavity 14.    In an alternative embodiment shown in Figs. 10 and 11, the
plunger members 20 of Fig. 2 are replaced by a combination  of hollow
pusher rods 22b and a pusher needle 22a, slidingly  accommodated in a
coaxial channel of the pusher rod 22b.  The pusher needle 22a is pushed
through the bristles of the  tuft 18 until its forward end abuts the knob
18b of molten  bristle material. Thereafter, with an appropriate timing
with respect to the injecting step, as with the first em-       
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bodiment of the method, the hollow pusher rods 22b and the pusher needles
22a are simultaneously advanced to push the tufts 18 and knobs 18b deeper
into the injected molding material 40.       WO 95/27605
PCT/EP95/01247         Claims:   1. A method of injection molding of
brushes using a mold with at least two relatively movable mold parts
defining a mold cavity, each of said mold parts defining a cavity portion
and one of said mold parts having tuft insertion holes therein, and
comprising the steps of   - moving said mold parts away from each other to
open said     mold,    - introducing tufts of bristles in said tuft
insertion     holes so that they have first ends projecting into a
respective cavity portion,    - exposing said first bristle ends to heat
and forming a     knob of molten bristle material at a corresponding end of
each tuft,  



- moving said mold parts against each other to close said     mold,    -
injecting plasticized molding material into said cavity     and around each
knob of bristle material,    - pushing said tufts of bristles deeper into
said molding     material, and    - preventing plasticized molding material
from leaking out     of said cavity and into said tuft insertion holes.
2. The method of claim 1, wherein the step of pushing said  tufts of
bristles deeper into said molding material is per-  formed after
termination of the injecting step and while the  molding material is still
in a plasticized state.       WO 95/27605
PCT/EP95/01247                              - 10 -     3. The method of
claim 2, wherein a needle is axially intro-  duced into each tuft until it
engages the knob on the tuft  end and advanced to push said tuft deeper
into said molding  material.    4. The method of claim 1, wherein tuft
introduction tubes  are used for introducing each tuft of bristles into a
corre-  sponding tuft insertion hole, each tuft being accomodated in  an
internal channel of a tuft introduction tube, wherein  each tube is moved
to and slidingly received in a corre-  sponding tuft insertion hole.  



5. The method of claim 4, wherein each of said tuft intro-  duction tubes
is advanced until its forward end is flush  with the inner edge of the
corresponding tuft insertion hole  before molding material is injected and
further advanced  during injection of molding material, entraining the
corre-  sponding tuft by engagement of the knob formed on its end
projecting into the cavity.    6. The method of claim 4, wherein each of
said tuft intro-  duction tubes is advanced until its forward end is flush
with the inner edge of the corresponding tuft insertion hole  before
molding material is injected and further advanced  after completion of the
injecting step while the molding  material is still in a plasticized state,
entraining the  corresponding tuft by engagement of the knob formed on its
end projecting into the cavity.    7. The method of claim 5 or claim 6,
wherein the tuft inser-  tion tube is retracted from said cavity while said
molding  material is still in a plasticized state allowing said  material
to flow into an annular space surrounding the tuft  and left after
retraction of said tube and to substantially  fill said annular space.
WO 95/27605                                       PCT/EP95/01247    8. The
method of claim 7, wherein a plunger member is intro- duced into said tuft
insertion tube to engage and hold in position the corresponding tuft on its
end opposite the knob during retraction of said tube.    


