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Description

[0001] The present invention relates to a process for
reaction injection molding (RIM) of two-colored molded
articles having different properties, such as color, be-
tween the surface and inside portions using poly-
urethane.
[0002] Such a molding process, as described below,
has been proposed in USP 5,628,944.
[0003] In a first step, the cavity of a mold is depressu-
rized (evacuated).
[0004] In a second step, a first polyurethane material
for the surface of the article is injected from a gate into
the cavity under continuing evacuation. The injected first
polyurethane material is allowed to flow into the cavity
after foaming under reduced pressure. It adheres in the
form of a thin film over substantially the entire inner sur-
face of the cavity due to break up of the foam, which
forms a fine surface that is essentially free of air bubbles.
[0005] In a third step, a second polyurethane material
for the inside of the article is injected from a gate into
the cavity under a vacuum. The injected second poly-
urethane material flows into and fills the cavity where it
reacts and is cured, which forms the inside of a two-
colored molded article.
[0006] This two-colored molding process makes it
possible to easily form a two-colored molded article in
which a surface portion that contains a pigment covers
an inside portion that contains no pigment. However,
when the gate residue is cut away from the two-colored
molded article, the non-colored inside is visible at the
cut, which produces a poor appearance due to the con-
spicuous difference in color from the surface portion. In
addition, when the first polyurethane material adhering
to the inner surface of the cavity still has fluidity in the
second step, the first polyurethane material adhered to
the cavity surface, near the gate in particular, is carried
away by the second polyurethane material, which re-
duces thickness of the first material when the second
polyurethane material is injected in the third step. As a
result, the surface at that site becomes transparent and
the non-colored inside is visible. This results in a con-
spicuous coloration difference.
[0007] Therefore, a molding process has been pro-
posed as described below (Japanese Unexamined Pat-
ent Publication No. Hei 9-183138). This process con-
tains the steps listed below.

(1) A step of depressurizing the cavity of a mold;

(2) an initial step of injecting a small amount of a
first polyurethane material containing a pigment into
the cavity under reduced pressure to form the sur-
face portion of a molded article;

(3) an intermediate step of injecting a second poly-
urethane material containing no pigment into the
cavity under reduced pressure to form the majority

of the inside of a molded article; and

(4) a final step of injecting a small amount of poly-
urethane material for the portion near the gate that
contains a pigment into the cavity under reduced
pressure to form the portion of the inside of the
molded article near the gate.

[0008] Although the above-mentioned problems of
color differences resulting from cutting away the gate
residue and decreased thickness of the surface portion
at sites near the gate are solved by this two-colored
molding process, consideration has not been given to
problems like those described below.
[0009] Molds used for RIM polyurethane molding are
normally split molds. Since a gap exists between the fac-
ing surfaces of the upper and lower dies, a burr 100 is
formed as shown in Fig. 18. Since this burr 100 has a
three-layer cross sectional structure, in which a second,
non-pigmented, polyurethane material 102 is between
two layers of a first, pigmented, polyurethane material
101, when a finishing process is performed by cutting
away the burr 100 along the broken line of Fig. 18(a),
the non-colored second polyurethane material 102 is
exposed in the form of a band as shown in Fig. 18(b)
and Fig. 18(c). This produces a conspicuous color dif-
ference with the first polyurethane material 101 and
flaws the appearance.
[0010] In addition, to prevent the non-colored second
polyurethane material 102 from being seen through the
first polyurethane material 101, it is necessary to in-
crease the pigment concentration in the first poly-
urethane material 101. In Fig. 18(b), the diagonally
hatched squares schematically illustrate pigment parti-
cles 103 that have a high density (high pigment concen-
tration). In addition, since the thickness of the surface
portion at sites near the gate decreases over a certain
range, a considerable amount of polyurethane material
is required for the portion near the gate, and it is also
necessary to increase the pigment concentration in the
polyurethane material for the portion near the gate.
Thus, the required amount of pigment is high, which in-
creases costs and accelerates the wear of equipment
and jigs (such as mixing heads), depending on the type
of pigment granules.
[0011] EP-A-771642 discloses a process for produc-
ing a molded article by injecting a liquid that will form a
solid resin into a mold cavity from a gate and molding
an article from the solid resin, the process being char-
acterized by injecting being conducted in a laminar fash-
ion

(1) so that the liquid first coats the wall of the mold
cavity, thus forming a surface layer on the inner sur-
face of the cavity with the mold closed;
(2) injecting resin material containing pigment with
a higher concentration in an intermediate portion;
(3) injecting a further resin material having the high-
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est concentration in the interior.

[0012] EP-A-781643 discloses a process for produc-
ing an urethane molded article by injecting a urethane
material into a mold cavity from a gate and molding an
articles from the urethane material, the process com-
prising the steps of:

a) forming a low foaming skin layer by injecting into
the cavity a first urethane material in which the pig-
ment concentration has been set to a first pre-
scribed concentration;
b) forming a high bubling core portion by injecting
into the cavity a second urethane material in which
there is no pigment or the pigment concentration is
been set to a prescribed concentration; and
c) forming a portion near a gate area of the article
by injecting into the cavity a third urethane material,

wherein the foaming ratio of the third urethane material
is higher than the foaming ratio of the first urethane ma-
terial.
[0013] Therefore, it is an object of the present inven-
tion to provide a process for producing polyurethane
molded articles that reduces the total amount of pigment
used to reduce costs and reduce wear of equipment and
jigs while preventing conspicuous color differences due
to cutting away gate residue and thinning of the surface
portion at sites near the gate.
[0014] A further object is to provide the use of the
process defined above as a process for producing the
covering of a steering wheel.
[0015] Said objects are achieved by the features set
forth in claims 1 and 8, respectively. Preferred embodi-
ments are set forth in claims 2 to 7.
[0016] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles
of the invention.
[0017] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention, together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

Fig. 1 is a cross-sectional view showing an initial
step of forming a surface portion of a polyurethane
covering of a steering wheel in a first embodiment.
Fig. 2 is a cross-sectional view of a mold in an in-
termediate step of forming the inside portion of a
polyurethane covering.
Fig. 3 is a cross-sectional view of a mold in a final
step of forming a portion near the gate of a poly-
urethane covering.
Fig. 4 is a cross-sectional view of a mold in a mold

release step.
Fig. 5 is a plan view of a mold in a mold release step.
Fig. 6 is a cross-sectional view of a mixing head
used for molding.
Fig. 7 is a timing chart showing the changes in pig-
ment concentration during molding.
Fig. 8(a) is a cross-sectional view of a site near the
gate of a polyurethane covering, Fig. 8(b) is a partial
enlarged cross-sectional view of (a), and Fig. 8(c)
is a partial front view of the polyurethane covering.
Fig. 9(a) is a cross-sectional view of a typical portion
of a polyurethane covering, Fig. 9(b) is a partial en-
larged cross-sectional view of Fig. 9(a), and Fig. 9
(c) is a partial front view of a polyurethane covering.
Fig. 10 is a cross-sectional view of a modified ex-
ample of a mixing head.
Fig. 11 is a cross-sectional view of a mold of a steer-
ing wheel of a second embodiment of the present
invention.
Fig. 12 is a cross-sectional view of a mold of the
steering wheel of Fig. 11.
Fig. 13 is a cross-sectional view of a mold of the
steering wheel of Fig. 11.
Fig. 14 is a perspective view of the steering wheel
of Fig. 11.
Fig. 15 is an enlarged cross-sectional view of the
ring portion of the steering wheel of Fig. 11.
Fig. 16 is a timing chart showing the changes in pig-
ment concentration during foam molding of a sec-
ond embodiment.
Fig. 17 is a timing chart showing the changes in pig-
ment concentration of different foam molding.
Fig. 18(a) is a cross-sectional view of a portion of a
polyurethane covering according to the prior art,
Fig. 18(b) is a partial enlarged cross-sectional view
of Fig. 18(a), and Fig. 18(c) is a partial front view of
a prior art polyurethane covering.

[0018] The following describes specific embodiments
of the present invention for molding a polyurethane cov-
ering of a steering wheel based on Figs. 1 through 9. To
begin with, as shown in Figs. 1 through 6, the molding
apparatus includes a molding die 1, a box 11 and a ma-
terial injection mechanism 21, detailed descriptions of
which are provided below in order.
[0019] The molding die 1 is formed in the form of a
split mold consisting of an upper die 2 and a lower die
3. An indentation 5 that forms a ring-shaped cavity 4
when the die is closed and a gate 6 leading to the cavity
4 are formed in split surfaces 2a and 3a of the lower die
3 and the upper die 2. A vent hole 7 is formed at the final
filling position of polyurethane in the upper die 2.
[0020] The box 11 is formed into two parts consisting
of a cover 12 and a frame 13. The upper die 2 is installed
inside the cover 12, and the lower die 3 is installed inside
the frame 13. The cover 12 and the frame 13 are at-
tached to an unillustrated mold clamping device, and in
the present embodiment, raising and lowering of the
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frame 13 causes the cover 12 and the frame 13 to move
together or apart, which closes or opens the upper die
2 and the lower die 3. An O-ring 14 is installed in a
groove formed in a joint surface of the cover 12, and the
O-ring 14 seals the space between the cover 12 and the
frame 13 by contacting a joint surface of the frame 13
when the box 11 is closed.
[0021] A suction plug 15 is installed in the frame 13,
and a vacuum pump 18 is connected to this suction plug
15 by means of a suction hose 16 and a valve 17. In
addition, an air tight observation window 19 is provided
in the frame 13 to allow the area near the vent hole 7 to
be visible from outside of the box 11.
[0022] A material injection mechanism 21 is provided
with a three-component mixing head 22, as shown in
Fig. 6, that allows mixing of two primary components
and a secondary component. Therefore, three compo-
nents are mixed. The primary components are polyole
and isocyanate. The three-component mixing head 22
includes a cylinder 23 and a body 24 installed on its end.
The body 24 has a narrow injection nozzle 25 on its end.
[0023] A through hole 26 is formed in the center of the
body 24, and a spool 28, which is attached to a piston
(not shown) in the cylinder 23, is inserted into the
through hole 26. The spool 28 can slide freely. A pair of
slots 29 extending in the lengthwise direction are locat-
ed 180 degrees apart in the outside of the spool 28. As
a result of the reciprocating movement of the piston 27,
the spool 28 slides between an advanced position,
which is indicated with the double-dot broken line in Fig.
6, and a retracted position, which is indicated with a solid
line. When the spool 28 is retracted, a mixing chamber
30 for the components is formed in front of the spool 28.
[0024] A cylindrical nozzle 31 for the polyole compo-
nent and a cylindrical nozzle 32 for the isocyanate com-
ponent are provided in opposition inside the body 24. A
tapered orifice 35 that opens to the mixing chamber 30
or one of the slots 29 is formed in each nozzle 31 and
32. Holders (not shown) that hold each nozzle 31 and
32 are installed on the outer surface of the body 24, and
the end of a needle 37 is used to adjust the opening of
the corresponding orifice 35. In addition, a reflux hole
38 for the polyole component and a reflux hole 39 for
the isocyanate component are formed next to the noz-
zles 31 and 32 of the body 24, and each hole 38, 39
opens into a corresponding one of the slots 29.
[0025] A tank 41b and a pump 41c for the polyole
component are connected by a hose 41a to the nozzle
31 and the reflux hole 38, and a circulation path for the
polyole component includes the tank 41b, the pump 41c,
the nozzle 31, one of the slots 29, and the reflux hole
38. An isocyanate tank 42b and a pump 42c are con-
nected to the nozzle 32 and the reflux hole 39 by a hose
42a, and a circulation path for the isocyanate compo-
nent includes the tank 42b, the pump 42c, the nozzle
32, the slot 29, and the reflux hole 39.
[0026] An auxiliary discharge hole 52 for the third
component is provided in the center of the spool 28. The

front end of the auxiliary discharge hole 52 opens at the
end surface of the spool 28, while the back end opens
to the circumferencial surface of an intermediate portion
of the spool 28. An introducing hole 53, which connects
with the back opening of the auxiliary discharge hole 52
only when the spool 28 retracts, is formed in the rear
portion of the body 24. A third component tank 43b is
connected to the introducing hole 53 by a hose 43a
through a flow rate adjustment device 43d and a valve
43c, and the inside of the tank 43b is normally pressu-
rized by an air pressure device 43e. The valve 43c may
be provided at any location between the tank 43b and
the body 24. There are no restrictions on the driving
method of the valve 43c. A pneumatic or electrical valve,
for example, may be used. Opening and closing the
valve 43c is controlled with a dedicated timer or internal
sequence timer. Incidentally, the third component, which
is coloring material, is pigment dispersed in a polyole
material.
[0027] The injection nozzle 25 of the three-compo-
nent mixing head 22 is connected to the gate 6 of the
lower die 3 via a through hole 40 formed in the frame
13. The three-component mixing head 22 and the
through hole 40 are sealed by a plurality of O-rings 50.
[0028] Next, a RIM polyurethane two-colored molding
process that uses the above-mentioned molding appa-
ratus will be described in order. Figs. 7(a) and 7(b) are
two patterns of timing charts that indicate changes in
pigment concentration within the polyurethane material
during molding.
(1) The upper die 2 and the lower die 3 of molding die
1 are opened and a mold releasing agent is applied to
the indentation 5.
(2) After placing a core bar 46 of the steering wheel 45
in the lower die 3, the upper die 2 and the lower die 3
are closed to form the cavity 4, and at the same time,
the cover 12 and the frame 13 are closed to seal the box
11.
(3) The inside of the box 11 is depressurized to a suitable
degree of vacuum by the vacuum pump 18 and a vac-
uum atmosphere is created in the cavity 4 through the
vent hole 7. The degree of vacuum varies according to
the composition of the polyurethane material, the di-
mensions of the molded articles and so forth, and al-
though there are no particular restrictions on this vacu-
um, it was set at 50 torr or less in the present embodi-
ment.
(4) Initial step: The spool 28 is retracted and the polyole
component is discharged from the nozzle 31 while the
isocyanate component is discharged from the nozzle
32, both into the mixing chamber 30. In addition, the
valve 43c opens and the third component or the coloring
material, is discharged from the auxiliary discharge hole
52 into the mixing chamber 30. These components are
mixed by collision to prepare a first polyurethane mate-
rial U1 for the surface portion of the molded article.
[0029] The concentration of the pigment in the first
polyurethane material U1 was set at 50% of the stand-
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ard concentration in the pattern of Fig. 7(a), and at 70%
of the standard concentration in the pattern of Fig. 7(b).
In this embodiment, the first polyurethane material U1
is substantially free of foaming agent. Here, the stand-
ard concentration for the pigment refers to the pigment
concentration in a polyurethane material U3 for molding
near the gate.
[0030] A mold releasing agent and/or a catalyst can
be mixed into the first polyurethane material U1 and the
polyurethane material U3 for molding near the gate. In
addition, the first polyurethane material U1 can be made
to be a high-performance material in comparison with a
second polyurethane material U2. An example of the
high-performance material is a non-yellowing material.
Further, the first polyurethane material U1 can be made
to have a higher urethane reaction rate than the second
polyurethane material U2.
[0031] As shown in Fig. 1, while continuing evacua-
tion in the cavity 4, a small amount of the first poly-
urethane material U1 is injected into the cavity 4 from
the injection nozzle 25. After rapid foaming of the inject-
ed first polyurethane material U1 due to the action of
naturally occluding gas (and the action of a foaming
agent if a foaming agent is used) in the material, caused
by the vacuum pressure, and flow over substantially the
entire inside of the cavity 4, the foam breaks up causing
a film of the first polyurethane material U1 to adhere to
substantially the entire surface of the indentation 5,
which forms the surface portion 48 of the polyurethane
covering 47.
(5) Intermediate step: The polyole component, the iso-
cyanate component and the coloring material are dis-
charged in the same manner as in the initial step, after
which they are mixed by collision to produce a second
polyurethane material U2 for the inside portion of the
molded article. The pigment concentration in the second
polyurethane material U2 resulting from discharge of the
coloring material was set to 50% of the standard con-
centration for both patterns of Figs. 7(a) and 7(b). Fur-
thermore, in the present embodiment, this second poly-
urethane material U2 is also substantially free of foam-
ing agent.
[0032] As shown in Fig. 2, while continuing evacua-
tion in the cavity 4, the second polyurethane material U2
is injected into the cavity 4 from the injection nozzle 25.
The injected second polyurethane material U2 foams
due to the action of naturally occluding gas in the mate-
rial caused by the vacuum and forms the majority of the
high foaming portion 49a of the inside 49 of the poly-
urethane covering 47 (see Fig. 5).
(6) Final step: Just before the above-mentioned second
polyurethane material U2 completely fills the cavity 4,
the polyole component, the isocyanate component and
the coloring material are discharged in the same manner
as in the initial step, followed by collision mixing, to pro-
duce a third polyurethane material U3 for molding near
the gate (see Fig. 7). The pigment concentration of the
third polyurethane material U3 resulting from discharge

of the coloring material was set to be equal to the stand-
ard concentration for both patterns of Figs. 7(a) and 7
(b).
[0033] As shown in Fig. 3, while continuing evacua-
tion in the cavity 4, the third polyurethane material U3 is
injected into the cavity 4 from the injection nozzle 25.
The injected third polyurethane material U3 for molding
near the gate foams in substantially the same manner
as the second polyurethane material U2 to form the high
foaming portion 49b near the gate, which is the remain-
der of the inside 49 of the polyurethane covering 47 (see
Fig. 5).
[0034] As a result of the injection of the third material
U3, the cavity 4 is filled with the materials U1, U2 and
U3, and a small amount of the second polyurethane ma-
terial U2 is blown out of the vent hole 7 and cured to
form a blowout portion 9 (Fig. 4).
(7) Subsequent to closing the upper die 2 and the lower
die 3, as shown in Fig. 4, after waiting for the materials
U1, U2 and U3 to cure, the cover 12 and the frame 13
are opened and the steering wheel 45, which has the
polyurethane covering 47, is taken out, as shown in Fig.
5. In Fig. 5, the steering wheel 45 has been enlarged
relative to the lower die 3.
[0035] The following actions and effects (1) through
(5) are obtained according to the present embodiment.
(1) Since the pigment concentration in the first poly-
urethane material U1 is either 50% or 70% of the stand-
ard concentration, the amount of pigment is reduced by
50% or 30% in comparison with the prior art method. In
Fig. 9(b), the hatched squares schematically illustrate
pigment particles 73, and the density of the pigment par-
ticles 73 in the surface portion 48 is lower than that of
the pigment particles 103 in the surface portion of Fig.
18(b) ( the pigment concentration is relatively lower).
However, since there are hardly any air bubbles in the
surface portion 48, even if the pigment concentration is
50% or 70% of the standard concentration, the pigment
particles 73 have significant density and conceal the in-
side 49 to a considerable extent. Moreover, although the
pigment concentration in the second polyurethane ma-
terial U2 is 50% of the standard concentration, and the
color is lighter than the surface portion 48 due to foam-
ing, it is colored to a certain extent. Thus, although the
majority portion 49a of the inside 49 can be seen some-
what through the surface portion 48, since the color of
the surface portion 48 and the color of the majority por-
tion 49a can be seen as the total concentration of pig-
ment, it appears to be colored to the same degree as
that of the prior art shown in Fig. 18.
(2) The gate residue 10 is present on the polyurethane
covering 47 of the third polyurethane material U3 near
the gate, and when this is cut away, the foamed portion
49b near the gate formed by the third polyurethane ma-
terial U3 appears at the cut 8. However, since the portion
49b near the gate is colored with the pigment of the
standard concentration, the color of the cut 8 is the same
as that of the surface portion 48, making it virtually un-
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noticeable.
(3) In addition, if the surface portion 48 near the gate
becomes thinner due to the flow of the second poly-
urethane material U2 in the intermediate step of Fig. 8
(b) due to a delay in reaction and curing of the first poly-
urethane material U1, the portion 49b near the gate
formed by the third polyurethane material U3 is visible
through the site where the thickness has been reduced.
However, since the portion 49b near the gate is colored
with the pigment of the standard concentration, the ap-
pearance is not impaired.
[0036] Incidentally, to prevent such thinning of the sur-
face portion 48 near the gate, a material having a high
urethane reaction rate should be used for the first poly-
urethane material U1 such as by adding a catalyst that
accelerates the urethane reaction to the third compo-
nent of the first polyurethane material U1. In addition, in
order to improve the light resistance of the surface por-
tion 48, a non-yellowing material having a high degree
of light resistance should be used for the first poly-
urethane material U1.
(4) Since a gap exists between the mold surfaces 2a
and 3a of the upper die 2 and the lower die 3, a burr 70
is formed as shown in Fig. 9(a). Since this burr 70 has
a three layer cross-sectional structure in which a layer
of the second polyurethane material U2 is between two
layers of the first polyurethane material U1, when this
burr 70 is cut away along the broken line of Fig. 9(a),
the foamed majority portion 49a of the inside 49 is ex-
posed in the form of a line at the cut. However, since the
pigment concentration in the second polyurethane ma-
terial U2 is 50% of the standard concentration, the ma-
jority portion 49a is colored to a significant extent, and
this line is extremely thin in comparison with the cut 8 of
the gate residue 10 described in (2) above, the color dif-
ference between this line of the majority portion 49a and
the surface portion 48 is virtually unnoticable and does
not impair the appearance.
(5) Since the pigment concentration in the first poly-
urethane material U1 can be reduced, and the amount
of the third polyurethane material U3 for molding near
the gate having the standard concentration of pigment
is less than that in the prior art since the majority portion
49a of the inside 49 colored to a certain extent, even
when considering the amount of pigment used in the
second polyurethane material U2, the amount of pig-
ment used overall is reduced in comparison with the pri-
or art, which reduces costs.
[0037] In addition, although the pigment particles
cause abrasion at the location where they pass through
the material injection mechanism 21, the amount of
coloring pigment used is reduced. Thus, the degree of
abrasion is reduced, which extends the maintenance
and part replacement cycles of the material injection
mechanism 21 while reducing labor and costs.
[0038] If the third component valve 43c is provided be-
tween the tank 43b and the air pressure device 43e in
the above-mentioned material injection mechanism 21

and this valve 43c is opened and closed at the same
timing described above, effects similar to those de-
scribed above are achieved.
[0039] In addition, as shown in Fig. 10, a six-compo-
nent mixing head 20, in which two three-component mix-
ing heads 22 are connected to a center injection mech-
anism 55, can also be used. An upper three-component
mixing head 22 shown in Fig. 10 is used to produce the
first polyurethane material U1, which is a high-perform-
ance material (e.g., a non-yellowing material having ex-
cellent light resistance), and a coloring material includ-
ing pigment, an urethane reaction accelerating catalyst
and a polyole component is used for the third compo-
nent. The lower three-component mixing head 22
shown in Fig. 10 produces the second polyurethane ma-
terial U2 and the third polyurethane component U3,
which are made of ordinary grade materials (e.g., yel-
lowing material), and a catalyst is added as necessary
as the third component.
[0040] The injection mechanism 55 is equipped with
a body 56 that is coupled to two injection nozzles 25,
and the end of the body 56 has the form of narrow in-
jection nozzle 57. A through hole 58 into which the two
injection nozzles 25 open is formed in the center of body
56, and the spool 60, which is attached to a piston (not
shown) of cylinder 59, is fitted into the through hole 58.
The spool 60 is allowed to slide freely.
[0041] The following describes a second embodiment
that embodies the present invention with reference to
the drawings.
[0042] Figs. 11 through 13 are partial cross-sectional
views of an injection molding machine in a second em-
bodiment of the present invention, and Fig. 14 is a per-
spective view of an automobile steering wheel 1 that is
molded by the injection molding machine.
[0043] As shown in Fig. 14, a steering wheel 101 has
a ring 102, spokes 103, 104 and 105, and a boss 106.
A mold 107 (consisting of a lower die 108 and an upper
die 109) of an injection molding machine, as shown in
Figs. 11 through 13, is for covering the ring 102 and a
core bar 110 of spokes 103, 104 and 105. In the present
embodiment, foaming and molding of urethane resin is
performed with the steering wheel 101 shown in Fig. 14
turned upside-down.
[0044] As shown in Figs. 11 through 13, the mold 107
is arranged inside a box 113 composed of a frame 111
and a cover 112. More specifically, the lower die 108 is
fixed in the frame 111, while the upper die 109 is fixed
in the cover 112. In addition, a sealing member 114 is
arranged in the cover 112 at the junction with the frame
111. The frame 111 and the lower die 108 are moved
upward from the state of Fig. 11 to close the mold 107
with the core bar 110 set in the position shown in Fig.
12. Then, the mold 107 is clamped. At this time, the box
113 is formed by the frame 111 and the cover 112, and
the inside'of the box 113 is sealed by the sealing mem-
ber 114. In addition, the core bar 110 of the present em-
bodiment is manufactured by aluminum die-cast mold-
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ing, magnesium die-cast molding or die-cast molding of
an alloy of aluminum or magnesium. The cross-section
of the ring 110a of the core bar 110 is U-shaped as
shown in Fig. 12.
[0045] Indentations 115 and 116 are formed in the
lower die 108 and the upper die 109, and the indenta-
tions 115 and 116 form a cavity 117 for producing mold-
ed articles. In addition, to fix the core bar 110 of the
steering wheel 101 during molding, a fixing member 118
extends from the center of the lower die 108, and a fixing
member 119 protrudes from the center of the upper die
109. A discharge hole 120 (having a cross-sectional sur-
face area of, for example, 4 mm2) is formed in the in-
dentation 116 of the upper die 109, and the cavity 117
is connected to a hollow portion 121 in the box 113 by
this discharge hole 120.
[0046] An injection nozzle 25 of a mixing head 22 sim-
ilar to that of the previously described embodiment is
arranged to the side of a side wall (the right side in the
drawings) of the frame 111, and a urethane material
mixed with the mixing head 22 is injected into the cavity
117 from the injection nozzle 25 through the gate 123.
The urethane material is in liquid form and contains a
polyole component, an isocyanate component and a
coloring component, and these three components are
mixed in the mixing head 22.
[0047] Next, the process for molding a urethane resin
of steering wheel 101 in the present embodiment will be
described referring to Figs. 11 through 13.
[0048] To begin with, as shown in Fig. 11, a mold re-
leasing agent is applied to wall surfaces of the cavity
117 (the indentation of 115 of the lower die 108 and the
indentation 116 of upper die 109) after opening the mold
107. This mold releasing agent includes wax and sili-
cone oil among other things. The mold releasing agent
is applied to prevent adhesion of molded articles to the
mold 107, which facilitates removal of the molded arti-
cles.
[0049] Next, the liquid coating material M (170 g in the
present embodiment) is poured into the indentation 115
of the lower die 108 while keeping the mold 107 hori-
zontal. The solution of the coating material M in the
present embodiment contains methyl ethyl ketone
(MEK), isopropyl alcohol (IPA) as a solvent, and ure-
thane resin as the solid component. When the ratio of
each component in the coating material M is indicated
by wt%, the ratio of MEK is approximately 85%, IPA ap-
proximately 10% and the urethane resin 2.5%. The ure-
thane resin contained in the coating material M has the
same color as a urethane resin that is to be foam mold-
ed.
[0050] As shown in Fig. 12, the core bar 110 is placed
in the mold 107, the mold 107 is closed and then
clamped. At this time, the frame 111 and the cover 112
are sealed by the sealing member 114, which seals the
inside of the box 113. In the present embodiment, the
coating step for the cavity surface is performed with the
mold 107 closed.

[0051] More specifically, the inside of the box 113 is
depressurized by driving the vacuum pump 18 and
evacuating air from inside the box 113 through the dis-
charge tube 15. At this time, air inside the cavity 117 is
drawn out into the hollow portion 121 inside the box 113
through the discharge hole 120, which creates a vacu-
um inside the cavity 117. When the inside of the cavity
117 is depressurized, the boiling point of the solvent
(MEK, IPA) of the coating material M falls. As a result,
the foam of the coating material M is broken up due to
boiling accompanied by an increase in volume. More
specifically, if the temperature of the mold 107 is held at
55°C and the pressure inside the cavity 117 is reduced
to 300 torr or less, the solvent boils. The coating material
M is then coated onto the wall surfaces of the cavity 117
due to increasing volume and breaking up of the foam
during boiling.
[0052] The solvent of the coating material M vaporiz-
es and the urethane resin of the coating material M ad-
heres to the wall surfaces of the cavity 117, which forms
a coating layer on the wall surfaces of the cavity 117. In
addition, at this time, together with the surface of core
bar 110 in the cavity 117 being washed by the solvent
of the coating material M, the coating material M, which
serves as an adhesive, adheres to the surface of the
core bar 110. In the present embodiment, the solvent is
vaporized for about 60 seconds after the inside of the
cavity 177 becomes depressurized to 50 torr. The va-
porized solvent is then discharged from the vacuum
pump 18 through the discharge hole, the hollow portion
121 in the box 113, the discharge tube 15 and so forth.
[0053] Next, the urethane material mixed with the mix-
ing head 22 is injected into the cavity 117 from the in-
jection nozzle 25 through the gate 123 while the cavity
117 is still depressurized. When this is done, the mate-
rial reacts and is cured inside the cavity 117 as shown
in Figs. 13 and 15. As a result, a low foaming skin layer
R2 and a high foaming core portion R3 are formed on
the inside of the urethane resin layer R1 of the coating
material M. Incidentally, Fig. 15 is an enlarged cross-
sectional view of the ring 102 of the steering wheel 101.
[0054] More specifically, the spool 28 is retracted, and
the polyole component and the isocyanate component
are discharged from the nozzle 31 and from the nozzle
32, respectively, into the mixing chamber 30. Simulta-
neously, the valve 43c opens and the coloring material
is discharged into the mixing chamber 30 from the dis-
charge hole 52. Then, collide and mix these three com-
ponents. At this time, the pigment concentration in the
urethane material is adjusted to be, for example, 40%
of the standard concentration. When the spool 28 is ad-
vanced, the mixed urethane material is injected into the
cavity 117 from the injection nozzle 25. In other words,
a first urethane material, in which the pigment concen-
tration has been lowered to 40% relative to the standard
concentration, is injected into the cavity 117 (first injec-
tion step).
[0055] When this is done, since gas contained in this
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urethane material rapidly forms a large number of bub-
bles under reduced pressure, the urethane material
foams in a short period of time and fills the cavity 117
while flowing. Simultaneously, a reaction (urethane re-
action) begins between the polyole component and the
isocyanate component in the urethane material. Accom-
panying this reaction, heat is generated and curing pro-
ceeds. At this time, since the heat of reaction escapes
to the mold 107, the urethane reaction on the surface of
the molded article that is close to the wall of the cavity
117 proceeds slower than that inside the molded article,
which limits an increase in the viscosity of the urethane
material. Consequently, gas foam of the surface portion
of the molded article is broken up easily under reduced
pressure, which allows the gas to escape and results in
the occurrence of extremely low foaming and a fine skin
layer R2 that is free of residual micro gas bubbles. On
the other hand, an increase in viscosity caused by the
urethane reaction proceeds rapidly inside the molded
article that spaced distance from the wall of the cavity
117, causing gas bubbles to remain, which forms a high
foaming core portion R3. In this manner, as a result of
the skin layer R2 being formed on the surface of the high
foaming core portion R3, the steering wheel 101 is soft
but also has a firm, smooth texture.
[0056] Then, the amount of coloring component dis-
charged into mixing chamber 26 from the discharge hole
52 is increased, and the urethane material for which the
pigment concentration is adjusted to the standard con-
centration (100%) is injected into the cavity 117 from the
injection nozzle 25. In other words, a second urethane
material is injected that contains more pigment than the
first urethane material (second injection step). As a re-
sult, urethane resin R4 for the portion near the gate is
formed as shown in Fig. 13. Thus, even if urethane resin
R5 (the gate residue) is cut away, the appearance is not
flawed since the urethane resin R4, which contains the
pigment at the standard concentration, is exposed.
[0057] Fig. 16 is a timing chart of the changes in pig-
ment concentration during the above-mentioned mold-
ing. In other words, in the first injection step during the
period from t1 to t2 as shown in Fig. 16, the skin layer
R2 and the core portion R3 are formed in which the pig-
ment concentration has been set to 40% relative to the
standard concentration. In addition, in the second injec-
tion step, during the period from t2 to t3, the urethane
resin U4, in which the pigment concentration is set at
the standard concentration (100%), is formed near the
gate.
[0058] In this manner of molding, the pigment concen-
tration of the skin layer R2 provided under the coating
film layer R1 is 40%, which is lower than the standard
concentration. In addition, since the core portion R3 is
foamed, its pigment concentration is relatively lower
than that of the skin layer R2 resulting in a lighter color.
Thus, since the colors of coating film layer R1, the skin
layer R2 and the core portion R3 are seen as the sum
of their respective pigment concentrations, the degree

of pigment concentration appears to be the same as the
standard pigment concentration of the urethane resin
U4.
[0059] The uniformly dashed broken line shown in
Fig. 16 represents the changes in the pigment concen-
tration in a comparative example in which foam molding
of a urethane material was performed after coating the
inside of the cavity with the coating material M with a
spray gun. In this case, burrs are formed on the parting
line. After removal of those burrs, the high foaming core
portion is exposed. Consequently, it was necessary to
increase the pigment concentration to, for example,
65% to an extent to which the appearance is not flawed
during the period from t1 to t2 when the skin layer and
the core portion are formed. However, according to the
present embodiment, since the coating of coating ma-
terial M at locations other than the cavity 117 is prevent-
ed, which inhibits the formation of burrs on the parting
line, the pigment concentration can be reduced.
[0060] Molding and coating of the ring 102 and the
spokes 103, 104 and 105 of the steering wheel 101 are
performed simultaneously in this manner. In other
words, the low foaming skin layer R2 and the high foam-
ing core portion R3 both to include urethane resin, while
a coating film of light-resistant urethane resin layer R1
is formed on the surface of the low foaming skin layer
R2 at a nearly uniform thickness (e.g., 10 µm).
[0061] The mold 107 is then opened, and as shown
in Fig. 14, the steering wheel 101, in which the ring 102
and the spokes 103, 104 and 105 are covered with the
urethane resin, is removed to complete the molding
process.
[0062] As has been described above, in the case of
foam molding using a liquid urethane material, resin
molding is performed under lower temperature and low-
er pressure conditions in the cavity 117 as compared
with typical injection molding of a thermoplastic resin.
Thus, the destruction of a coating layer formed on the
wall surface of the cavity 117 due to pressure and tem-
perature during molding does not occur. Moreover,
since a urethane material is injected in the cavity 117
under a reduced pressure state, defects caused by the
material moving around are decreased.
[0063] As has been described above, the following ef-
fects are demonstrated by the present embodiment.
(1) The pigment concentration of the skin layer R2 is
lower than that of the urethane resin R4 near the gate.
However, since there are hardly any air bubbles, the de-
gree of coloring is nearly identical to that of the urethane
resin R4. Further, since the coating material M is not
coated at locations other than the cavity 117, burrs
formed by foam molding are reduced. Thus, exposure
of the core portion R3 caused by the burr removal is pre-
vented. Moreover, if the inside of the cavity is coated
with a spray gun (mold coating), the coating material M
cannot be uniformly applied to the cavity 117 and coat-
ing is particularly inadequate at the parting line, causing
the coating film to be thinner at that portion. In the
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present embodiment, however, a coating film of desired
thickness can be nearly uniformly formed on the surface
of the foam molded skin layer R2 by controlling the
amount of coating material injected. Accordingly, since
the urethane resin is concealed by this coating film, the
pigment concentrations of the foam molded skin layer
R2 and the core portion R3 can be reduced. In addition,
even if the urethane resin R5 that remains on the gate
is cut away, the urethane resin R4 in which the pigment
concentration is set to the standard concentration is ex-
posed. Thus, the appearance is not flawed.
[0064] According to that described above, the amount
of the pigment contained in the urethane materials can
be reduced without harming the appearance of the prod-
uct, which lowers material costs. In addition, although
pigment particles cause abrasion at the location where
they pass through the mixing head 22, the amount of
pigment used is reduced as mentioned above, so the
abrasion is decreased. Accordingly, maintenance costs
are reduced.
(2) Since a low foaming skin layer R2 is formed on the
outside of high foaming core portion R3 as a result of
foam molding using urethane material, among other
things and wear resistance and texture are improved. In
addition, a coating film of urethane resin layer R1 having
excellent light resistance is formed at a nearly uniform
thickness on the surface of the resin portion of steering
wheel 101. As a result, light resistance uniform, and dis-
coloration of urethane the resin skin layer R2 is limited.
Moreover, there is no uneven coloring of the product sur-
face. Accordingly, the steering wheel 101 has excellent
performance including wear resistance, texture and light
resistance. In addition, even if the coating film wears due
to prolonged use, since the skin layer R2 is formed on
the inside of the wheel, the appearance and texture are
maintained.
(3) The coating material M is evenly and nearly uniformly
applied to the wall surface of the cavity 117 due to the
expansion and breaking up of the foam, which is pro-
duced by boiling the solvent. In this case, the adhesion
efficiency is improved in comparison with a spray gun
application of the coating material M (mold coating),
which reduces the amount of coating material M. In ad-
dition, dispersion of coating material M to the outside is
prevented, which results in a clean work area and pre-
vents contamination of the surrounding environment.
(4) In the case of foam molding using urethane materi-
als, since resin molding is performed under lower tem-
perature and lower pressure conditions in the cavity 117,
as compared with typical injection molding of a thermo-
plastic resin, destruction of the coating film layer applied
to the wall of cavity 117 is prevented. In addition, al-
though there is the risk of the coating film layer being
destroyed by changes in pressure when the pressure in
the cavity 117 is returned to normal after forming a coat-
ing film layer by depressurizing the inside of the cavity
117, by injecting urethane material while maintaining the
reduced pressure condition as in the present embodi-

ment, destruction of the coating film layer is prevented.
Moreover, since foam molding of urethane materials is
performed under reduced pressure, defects caused by
the material moving around are decreased. Accordingly,
the product yield is improved.
(5) Since the surface of the core bar 110 is washed by
the solvent of coating material M, and urethane resin-
based coating material M having excellent adhesion is
applied to the surface of that core bar 110, the core bar
110 is securely adhered to the urethane resin.
[0065] The invention may be varied as follows.
[0066] Although the skin layer R2 and the core portion
R3 are formed in a first injection step (period from t1 to
t2 in Fig. 16) by injecting a first urethane material in
which the pigment concentration is set to 40%, and ure-
thane resin U4 is formed for the portion near the gate in
a second injection step (period from t2 to t3 in Fig. 16)
by injecting a second urethane material in which the pig-
ment concentration has been set to the standard con-
centration (100%), the invention is not so limited. For
example, since there are also cases in which the core
portion R3 can be reliably concealed by the skin layer
R2 and a coating film (urethane resin layer R1) depend-
ing on the shape of the molded article, color and so forth,
foam molding may also be performed by reducing the
pigment concentration of this core portion R3.
[0067] More specifically, the skin layer R2 is formed
by injecting a first urethane material in which the pig-
ment concentration is set to 40% during the period from
t1 to t10 shown in Fig. 17, and the core portion R3 is
formed by injecting a urethane material not containing
pigment so that the pigment concentration is 0% during
the period from t10 to t2. Moreover, during the period
from t2 to t3, urethane resin R4 for the portion near the
gate is formed by injecting a second urethane material
in which the pigment concentration is set to the standard
concentration (100%). Naturally, although it is not nec-
essary to inject a urethane material having a pigment
concentration of 0% during the period from t10 to t2, a
urethane material (third urethane material) should at
least be injected in which the amount of pigment has
been reduced to less than that of the first urethane ma-
terial injected during the period from t1 to t10.
[0068] Incidentally, in the molding process shown in
Fig. 17, the injection step during the period from t1 to
t10 is equivalent to a first injection step, while the injec-
tion step during the period from t2 to t3 is equivalent to
a second injection step. In addition, the injection step
between the first and second injection steps, namely the
injection step during the period from t10 to 2, is equiva-
lent to a third injection step.
[0069] Moreover, the pigment concentrations of the
skin layer R2 and the core portion R3 can be suitably
changed according to the shape of the molded article,
color and so forth. More specifically, foam molding may
be performed by, for example, gradually lowering the
pigment concentration during the period from t1 to t2
when the skin layer R2 and the core portion R3 are
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formed.
[0070] However, in the case of molding a steering
wheel as in the above-mentioned embodiment, it is pref-
erable to lower the pigment concentration in the surface
urethane material to 40-80% of the standard concentra-
tion. In addition, it is preferable to lower the pigment con-
centration in the inside urethane material to 30-70% of
the standard concentration.
[0071] Although a coating material solution is injected
while the mold 107 is open in the above-mentioned em-
bodiment, a coating material injection device may be
provided separately, and composed so that the coating
material M is injected into the cavity 117 from the coating
material injection device while the mold 107 is closed.
When this is done, the coating material solution can be
injected into the cavity 117 during depressurization of
the cavity enabling resin molding to be carried out in a
short period of time. Further, since the coating material
solution is injected in the cavity 117 when it is closed,
leakage of the solvent of coating material M outside the
injection molding machine can be prevented.
[0072] The present invention can also be applied to
other molded parts such as an instrument panel, con-
sole box, glow box, head rest, arm rest, door cover, air
spoiler or bumper, without being limited to the steering
wheel 101. Naturally, the present invention may also be
applied to molded articles of home appliances and so
forth in addition to automotive parts.
[0073] The present invention may also be carried out
by suitably changing the components of coating material
M-More specifically, other heat-curing resins may be
used instead of urethane resin. In addition, other sol-
vents such as water may be used instead of methyl ethyl
ketone (MEK) and isopropyl alcohol (IPA) for the solvent
of coating material M. Alternatively, toluene and so forth
may be added to the solvent of MEK and IPA. In practical
terms, a solvent should be used that has a boiling point
of 160°C or lower.
[0074] Although the cavity 117 is continuously evac-
uated to 50 torr by driving the vacuum pump 18 in the
present embodiment, the present embodiment is not
limited to this. The present invention may also be carried
out by suitably changing the pressure reduction state in
the cavity 117 corresponding to the drying time and ap-
plied state of the coating material solution or the thick-
ness or other conditions of skin layer R2.
[0075] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive and the invention is not to be limited to the de-
tails given herein, but may be modified within the scope
of the appended claims.

Claims

1. A process for producing an urethane molded article
by injecting a urethane material into a mold cavity
(4) from a gate and molding an article from the ure-

thane material, the process comprising the steps of:

a) forming a low foaming skin layer (48; (R2) by
injecting into the cavity a first urethane material
(U1) in which the pigment concentration is set
to a first prescribed concentration;
b) forming a high bubbling core portion (R3) by
injecting into the cavity a second urethane ma-
terial (U2) in which there is no pigment or the
pigment concentration is set to a second pre-
scribed concentration;
c) forming a portion (R4) near a gate area of
the article by injecting into the cavity a third ure-
thane material (U3; U4) in which the pigment
concentration has been set higher than said
first and second prescribed concentrations,

wherein the foaming ratio of the third urethane
material (U3) is higher than the foaming ratio of the
first urethane material (U1).

2. The process according to claim 1, further compris-
ing the step of forming a surface layer (R1, U1) on
the inner surface of the cavity (4) with the mold
closed, under continuing evacuation of the cavity
(4), wherein the pigment concentration of said sec-
ond urethane material (U2) is 30-70% of the pig-
ment concentration of the third urethane material
(U3; U4).

3. The process according to claim 1, characterized in
that the pigment concentration of said second ure-
thane material (R3, U2) is less than that of said first
urethane material (U1).

4. The process according to claim 1, characterized in
that the pigment concentration of the first urethane
material is 40% of the pigment concentration of said
third urethane material (U4) and the pigment con-
centration of said second urethane material (U2) is
0%.

5. The process according to claim 1, characterized in
that the pigment concentrations during steps a) and
b) are both 40% of the pigment concentration in step
c).

6. The process according to claim 1, characterized
by continuing evacuation of said mold cavity (4),
wherein the pigment concentration of said first poly-
urethane material (U1) is 40-80% of the pigment
concentration of said third urethane material (U3),
and the majority of the inside of the molded article
is formed of said second polyurethane material
(U2), in which the pigment concentration is 30-70%
of the pigment concentration of said third poly-
urethane material (U3).
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7. The process according to one of claims 1 to 6, char-
acterized by that the first, second and third poly-
urethane materials (U1, U2, U3) contain a polyole
component and an isocyanate component.

8. Use of the process according to one of claims 1 to
6 for producing a covering of a steering wheel.

Patentansprüche

1. Verfahren zum Herstellen eines aus Urethan ge-
formten Gegenstands durch Einspritzen eines
Urethanmaterials in einen Formhohlraum (4) aus
einer Öffnung und Formen eines Gegenstands aus
dem Urethanmaterial, wobei das Verfahren die fol-
genden Schritte umfasst:

a) Ausbilden einer schwachschäumende Ober-
flächenschicht (48; R2) durch Einspritzen eines
ersten Urethanmaterials (U1) in den Hohlraum,
in welchem die Pigmentkonzentration auf eine
erste vorgeschriebene Konzentration einge-
stellt wird;
b) Ausbilden eines hochschäumenden Kern-
teils (R3) durch Einspritzen eines zweiten
Urethanmaterials (U2) in den Hohlraum, in wel-
chem kein Pigment ist oder die Pigmentkon-
zentration auf eine zweite vorgeschriebene
Konzentration eingestellt wird;
c) Ausbilden eines Teils (R4) nahe einer Öff-
nungsfläche des Gegenstands durch Einsprit-
zen eines dritten Urethanmaterials (U3; U4) in
den Hohlraum, in welchem die Pigmentkonzen-
tration höher als die ersten und zweiten vorge-
schriebenen Konzentrationen eingestellt wor-
den ist,

wobei das Schäumungsverhältnis des
Urethanmaterials (U3) höher ist als das Schäu-
mungsverhältnis des ersten Urethanmaterials (U1).

2. Verfahren gemäß Anspruch 1, das ferner den
Schritt des Ausbildens einer Oberflächenschicht
(R1, U1) auf der inneren Oberfläche des Hohlraums
(4) umfasst, wobei die Form geschlossen ist, unter
fortgesetzter Evakuierung des Hohlraums (4) wobei
die Pigmentkonzentration des zweiten Urethanma-
terials (U2) 30 bis 70 % der Pigmentkonzentration
des dritten Urethanmaterials (U3; U4) beträgt.

3. Verfahren gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass die Pigmentkonzentration des
zweiten Urethanmaterials (R3, U2) weniger als die-
jenige des ersten Urethanmaterials (U1) beträgt.

4. Verfahren gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass die Pigmentkonzentration des er-

sten Urethanmaterials 40 % der Pigmentkonzentra-
tion des dritten Urethanmaterials (U4) beträgt und
die Pigmentkonzentration des zweiten Urethanma-
terials (U2) 0 % beträgt.

5. Verfahren gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass die Pigmentkonzentrationen wäh-
rend Schritten a) und b) beide 40 % der Pigment-
konzentration in Schritt c) betragen.

6. Verfahren gemäß Anspruch 1, gekennzeichnet
durch fortgesetzte Evakuierung des Formhohl-
raums (4), wobei die Pigmentkonzentration des er-
sten Polyurethanmaterials (U1) 40 bis 80 % der Pig-
mentkonzentration des dritten Urethanmaterials
(U3) beträgt, und der Großteil der Innenseite des
geformten Gegenstands aus dem zweiten Polyu-
rethanmaterial (U2) gebildet wird, in welchem die
Pigmentkonzentration 30 bis 70 % der Pigmentkon-
zentration des dritten Polyurethanmaterials (U3)
beträgt.

7. Verfahren gemäß einem der Ansprüche 1 bis 6, da-
durch gekennzeichnet, dass die ersten, zweiten
und dritten Polyurethanmaterialien (U1, U2, U3) ei-
ne Polyolkomponente und eine Isocyanatkompo-
nente enthalten.

8. Verwendung des Verfahrens gemäß einem der An-
sprüche 1 bis 6 zum Herstellen einer Verkleidung
eines Steuerrads.

Revendications

1. Procédé de production d'un article moulé d'uréthan-
ne par injection d'un matériau d'uréthanne dans une
cavité de moule (4) depuis une entrée et par mou-
lage d'un article à partir du matériau d'uréthanne, le
procédé comprenant les étapes consistant à :

a) former une couche pelliculaire à faible mous-
sage (48 ; R2) par injection dans la cavité d'un
premier matériau d'uréthanne (U1) dans lequel
la concentration en pigments est fixée à une
première concentration prescrite ;

b) former une partie centrale à bullage élevé
(R3) par injection dans la cavité d'un deuxième
matériau d'uréthanne (U2) dans lequel il n'y a
pas de pigment ou dans lequel la concentration
en pigments est fixée à une deuxième concen-
tration prescrite ;

c) former une partie (R4) à proximité d'une zone
d'entrée de l'article par injection dans la cavité
d'un troisième matériau d'uréthanne (U3 ; U4)
dans lequel la concentration en pigments a été
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fixée de manière à être supérieure auxdites
première et deuxième concentrations
prescrites ;

dans lequel le rapport de moussage du troisième
matériau d'uréthanne (U3) est supérieur au rapport
de moussage du premier matériau d'uréthanne
(U1).

2. Procédé selon la revendication 1, comprenant en
outre l'étape consistant à former une couche super-
ficielle (R1, U1) sur la surface intérieure de la cavité
(4) avec le moule fermé, en poursuivant l'évacua-
tion de la cavité (4), dans lequel la concentration en
pigments dudit deuxième matériau d'uréthanne
(U2) est comprise entre 30 et 70 % de la concen-
tration en pigments dudit troisième matériau d'uré-
thanne (U3 ; U4).

3. Procédé selon la revendication 1, caractérisé en
ce que la concentration en pigments dudit deuxiè-
me matériau d'uréthanne (R3 ; U2) est inférieure à
celle dudit premier matériau d'uréthanne (U1).

4. Procédé selon la revendication 1, caractérisé en
ce que la concentration en pigments du premier
matériau d'uréthanne est égale à 40 % de la con-
centration en pigments dudit troisième matériau
d'uréthanne (U4) et la concentration en pigments
dudit deuxième matériau d'uréthanne (U2) est 0 %.

5. Procédé selon la revendication 1, caractérisé en
ce que les concentrations en pigments pendant les
étapes a) et b) sont toutes deux égales à 40 % de
la concentration en pigments de l'étape c).

6. Procédé selon la revendication 1, caractérisé en
ce qu'on poursuit l'évacuation de ladite cavité de
moule (4), dans lequel la concentration en pigments
dudit premier matériau de polyuréthanne (U1) est
comprise entre 40 et 80 % de la concentration en
pigments dudit troisième matériau d'uréthanne
(U3), et la majeure partie de l'intérieur de l'article
moulé est formée par ledit matériau de polyuréthan-
ne (U2), dans lequel la concentration en pigments
est comprise entre 30 et 70 % de la concentration
en pigments dudit matériau de polyuréthanne (U3).

7. Procédé selon l'une quelconque des revendications
1 à 6, caractérisé en ce que les premier, deuxième
et troisième matériaux de polyuréthanne (U1, U2,
U3) contiennent un composant de polyol et un com-
posant d'isocyanate.

8. Utilisation du procédé selon l'une quelconque des
revendications 1 à 6 permettant de produire un re-
vêtement de roue directrice.
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