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The invention relates to a method of manufacturing a moulding member

comprising two at least substantially flat plates which contact one another with a contact
surface each, at least one of the plates having a groove in the contact surface, which
groove forms a cooling duct, in which method the plates are secured to one another.

5 Such a method is used inter alia in injection-moulding apparatuses for the manufacture

of optical information carriers such as, for example, Compact Discs.

A mioulding member of the type defined in the opening sentence is known

from US 4,185,955. Said document describes a mould having two mould sections

0  which, if the mould sections are in contact with one another, bound a disc-shaped cavity
for moulding an optical disc. Each mould section has a moulding member comprising
two plates, grooves being provided in the contact surface of one of the plates to form
cooling ducts for rapidly cooling the injection-moulded product and the moulding
members after the injection-moulding process. The plates of a moulding member are

5 secured to one another by means of bolts. To seal the cooling ducts O-rings are
provided in grooves formed especially for this purpose in one of the plates. This method
of joining the plates requires much space. The plates should have an adequate thickness
to allow them to be provided with the required screwthread. The bolted joints are
situated near the edges of the plates at some distance from the cooling ducts because the

0 space available between the cooling ducts is not adequate and because seals in the form
of O-rings have to be inserted between the cooling ducts and the bolted joints. In order
to prevent the plates from being warped owing to the liquid pressure in the cooling
ducts, as a result of which the wall of the cavity in which the product is moulded would
no longer have the required flatness, the plates should have a specific thickness

5 (rigidity). Owing to these requirements the moulding member is large, which also
results in large dimensions of a mould, cooling ducts, liquid pumps, hydraulic cylinders
for moving the moulding member, and other parts of an injection-moulding apparatus in
which the mould with the moulding members is used.
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1t is an object of the invention to provide a method of manufacturing a
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moulding member which, for moulding the same product, can be smaller than the prior-
art moulding member, so that the mould and the injection-moulding apparatus using the
mould can also be of compact construction. To this end the method in accordance with
the invention is characterised in that the plates are secured to one another by soldering.
The soldered joint thus obtained also provides an effective sealing of the cooling ducts,
so that no O-rings are required, which saves space. Since the plates are secured to one
another over a large area and the joint extends up to the cooling ducts the moulding
member has a higher rigidity so that it is possible to use plates which are thinner than in
the prior-art moulding member. Since the plates are thinner the cooling ducts can also
be smaller because the volume to be cooled is smailer. As a result of this, the mould,
the liquid pumps, hydraulic cylinders for moving the mould, and other parts of an
injection-moulding apparatus in which the mould with the moulding members is used
can be of compact construction.

An embodiment of the method in accordance with the invention is
characterised in that before the plates are secured to one another the plates are subjected
to stress-relief annealing, after which solder is introduced between the contact surfaces,
upon which the plates are pressed against one another with their contact surfaces facing
each other and the plates and the solder are heated and subsequently cooled. By first
stress-relief annealing the plates the plates do not warp during heating and cooling, so
that an excellent joint is obtained.

A further embodiment of the method in accordance with the invention is
characterised in that during soldering the plates are also hardened. In order to meet the
requirements imposed on the plates of the mould the plates must be hardened. When
hardening and soldering are effected in one operation time is saved and the plates need
not be subjected to any intermediate operations after hardening and before soldering.

Yet another embodiment of the method in accordance with the invention is
characterised in that cooling is effected by first cooling the plates to a first temperature
in a vacuum furnace and then cooling the plates to a second temperature in air. During
cooling to the first temperature the solder solidifies and no reactions with gases are
allowed. Therefore, the first cooling cycle is performed in a vacuum furnace.
Subsequently, the plates are cooled further, which causes a change of structure which

hardens the plates.
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Still another embodiment of the method in accordance with the invention
is characterised in that the contact surfaces of the plates are electroplated before the

21.08.1992

plates are secured to one another. A suitable electroplating method is nickel-plating of
the contact surfaces. Electroplating of the contact surfaces before soldering yieids a
proper joint, which precludes embrittling of the plates.

The invention also relates to a moulding member which can be
manufactured by means of the method in accordance with the invention, said member
comprising two at least substantially flat plates which are secured to one another and
which each contact one another with a contact surface, at least one of the plates having
a groove in the contact surface, which groove forms a cooling duct. The moulding
member in accordance with the invention is characterised in that the plates are secured
to one another by means of a soldered joint.

During cooling the temperature at the plate surface bounding the cavity
for moulding the optical disc should be substantially uniform over the entire area. If the
temperature at the surface is not uniform some parts of the optical disc will cool more
rapidly than other parts, which may give rise to colour differences in the disc. In order
to obtain a uniform temperature at the surface of the plate the thickness of the plate
between this surface and the cooling ducts must have a minimal thickness. Otherwise
the surface near a cooling duct will have a lower temperature than a surface remoter
from a cooling duct. In order to minimise this thickness of the plate the moulding
member in accordance with the invention is characterised in that a wall of the cooling
duct is provided with projections and/or a wall of the cooling duct is provided with
recesses. In operation this gives rise to a turbulent liquid flow in the cooling ducts,
which provides a better cooling than in the case of a laminar liquid flow and the
temperature-equalizes sooner than in the case of a laminar liquid flow, so that the
thickness of the plate can be reduced.

The invention will now be described in more detail, by way of example,
with reference to the drawings. In the drawings:

Figure 1 is a sectional view of a mould comprising moulding members in
accordance with the invention,

Figure 2 is a sectional view of two interconnected plates of a moulding
member, and
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Figure 3 is a longitudinal sectional view of a cooling duct formed in a
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moulding member.

Figure 1 shows a mould 1 comprising a first and a second mould section
3, 5. The mould sections each comprise a rear part 7, 9 carrying a first moulding
member 4 and a second moulding member 6 respectively. Each moulding member 4,6
comprises two plates 11, 13, 15, 17 secured to one another. One of the plates has a
groove 19, which after the two plates have been secured to one another forms a cooling
duct for cooling the product to be moulded. The plates 11, 13, 15, 17 are secured to
one another by means of a soldered joint 21. In comparison with the customary fixing
method by means of bolts, using an O-ring for sealing the cooling duct, this soldered
joint has the advantage that it also provides sealing of the cooling ducts and that the
plates to be interconnected can be thinner because no material for screwthread has to be
provided. The plate 15 of the second moulding member 6 carries a shell 23, which is
clamped in position by means of a clamping ring 25 and a clamping bush 27. This shell
23 has a profile representing information. This profile is formed in the product during
moulding of a product. The plate 13 of the first moulding member 4 facing the shell has
a smooth surface because the product is provided with information at one side only.

The second mould section 5 is carried by a base 29 of an injection-
moulding apparatus. This base 29 comprises a first mechanism 31 for effecting a punch
movement. This mechanism 31 comprises a movable piston 33. This punch movement
is followed by a punch 35 provided in the second mould section 5 in order to sever a
sprue slug from the product. The base 29 further comprises a second mechanism 37 for
effecting an ejection movement. This second mechanism 37 comprises a further piston
39, which can be moved hydraulically or pneumatically. This further piston 39 is
situated in the first-mentioned piston 33. Said ejection movement is followed by an
ejector 41 provided in the second mould section 5 in order to eject a sprue slug from
the punch 35.

Figure 2 shows the two plates 15, 17 of the second moulding member 6.
The plates should be made of an air-hardening die steel in order to enable the plates to
be hardened during soldering. A suitable material is for example X40Cr13. Before the
plates are hardened and secured to one another they are first subjected to stress-relief
annealing in order to remove internal stresses in the plates. During heating in the
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hardening and soldering process such internal stresses could give rise to warping of the
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plates. Subsequently, the plates are pre-treated, infer alia planed. This is because the
plates may be slightly warped during stress-relief annealing. For soldering stringent
requirements are imposed on the flatness of the plate surfaces to be joined. Before the
plates are soldered to one another the contact surfaces 43 and 45 to be secured to one
another are electroplated. This provides an improved solder joint and the plates become
less brittle near the contact surfaces upon soldering. A suitable electroplating method is
nickel-plating. After this the solder is applied, a soldering wire being inserted into
grooves 47, 49 provided for this purpose in the plate 15 and a soldering foil being
interposed between the contact surfaces 43 and 45. The solder material should be
selected in such a manner that the solder is liquid at the temperature required for
hardening the plates. For the soldering wire it is possible to select, for example, a
copper alloy, nickel alloy or silver alloy. A suitable copper alloy is for example CuSné6.
The soldering foil may be, for example, a bronze foil cut to size. Soldering is effected
in a vacuum furnace at a temperature of approximately 1050 °C. During soldering the
plates are clamped against one another by a clamping device. During soldering the

plates are also hardened. For the purpose of hardening the plates are cooled in a

.controlled manner. This is effected by first cooling the plates in a vacuum furnace to a

first temperature of approximately 880 °C at which the solder solidifies, no reactions
with ambient gases being allowed. Subsequently, the plates are further cooled in air to a
second temperature of approximately 50 °C, which gives rise to a change of structure
whereby the plates are hardened. The final structure of the plates is the martensite
structure. Cooling in air is followed by tempering, the moulding member being
maintained at 520 °C for approximately one hour.

- During cooling of the optical disc the temperature at the surface 51 of the
plate 15, which surface bounds the cavity for moulding the optical disc, should be
substantially uniform over the entire area. If the temperature at the surface is not
uniform some parts of the optical disc will cool more rapidly than other parts, which
may give rise to colour differences in the disc. These colour differences render the
optical disc useless owing to the influence on the reflection of a light beam. In order to
obtain a uniform temperature at the surface 51 of the plate 15 the distance 53 between
this surface 51 and the cooling ducts 19 must have a minimal value. If the plate 15 is
too thin a part 51a of the surface 51 near a cooling duct 19 will have a lower
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temperature than a part 51b of the surface 51 which is remoter from a cooling duct 19,
In order to minimise this distance 53 and hence the thickness of the plate the a wall 55
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of the cooling duct 19 is provided with recesses 57, see Figure 3. Conversely, the wall
55 of the cooling duct 19 may be regarded as a wall provided with projections 59
instead of a wall provided with recesses. In operation these recesses 57 give rise to a
turbulent liquid flow in the cooling ducts 19, which provides a better cooling than in the
case of a laminar ﬁquid flow and the temperature equalizes sooner than in the case of a
laminar liquid flow, so that the plate can be thinner.

It is to be noted that the plates 11 and 13 of the first moulding member 4
may also be secured to one another by the method described above.

Although the invention has been described with reference to the drawings
this does not imply that the invention is limited to the embodiment shown in the
drawings. The invention likewise relates to all embodiments which deviate from those
shown in the drawings within the scope defined by the Claims.
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CLAIMS:

1. A method of manufacturing a moulding member comprising two at least
substantially flat plates which contact one another with a contact surface each, at least
one of the plates having a groove in the contact surface, which groove forms a cooling
duct, in which method the plates are secured to one another, characterised in that the
plates are secured to one another by soldering.

2. A method as claimed in Claim 1, characterised in that before the plates
are secured to one another the plates are subjected to stress-relief annealing, after which
solder is introduced between the contact surfaces, upon which the plates are pressed
against one another with their contact surfaces facing each other and the plates and the
solder are heated and subsequently cooled.

3. A method as claimed in Claim 1 or 2, characterised in that during
soldering the plates are also hardened.

4. A method as claimed in Claim 2 or 3, characterised in that cooling is
effected by first cooling the plates to a first temperature in a vacuum furnace and then
cooling the plates to a second temperature in air.

5. A method as claimed in Claim 1, 2, 3 or 4, characterised in that the
contact surfaces of the plates are electroplated before the plates are secured to one
another.

6. A method as claimed in Claim 5, characterised in that electroplating is
effected by nickel-plating the contact surfaces.
7. A moulding member which can be manufactured by means of a method as

claimed in any one of the preceding Claims, said member comprising two at least
substantially flat plates which are secured to one another and which each contact one
another with a contact surface, at least one of the plates having a groove in the contact
surface, which groove forms a cooling duct, characterised in that the plates are secured
to one another by means of a soldered joint.

8. A moulding member as claimed in Claim 7, characterised in that a wall of
the cooling duct has been provided with projections.

A O
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S. A moulding member as claimed in Clann 7 or 8, characterised in that a
wall of the cooling duct has been provided with recesses.
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