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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.
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
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
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
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
(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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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
5 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

10 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.

15 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

20 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

25 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

30 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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0-rings have to be inserted between the cooling ducts and "
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
5 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 1 shows a mould 1 comprising a first and a second mould section
5 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
10 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
15 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-
20 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
25 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.
30 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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plated) SdbSeqmnﬁﬁt thepldtes are pre-treated, inter 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

20

25

30

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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55 of the cooling duct 19 may be regarded as a wall provided with projections 59

5 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

10 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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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
5 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
0 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
5 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

0  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

5 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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manufactured by means of the method.

A mould (1) has two moulding members (4, 6) each comprising two plates

(11, 13; 15, 17) secured to one another. In the contact surface of one of the plates (13,
15) a groove (19) has been provided to form a cooling duct. In order to reduce the
dimensions of such a moulding member (4, 6) the fwo plates (11, 13; 15, 17) are

5 secured to one another by means of a soldering process. In comparison with the known
method of securing the plates of a moulding member to one another by means of bolts
this method has the advantage that no screwthread has to be provided in the plates and
no additional sealing, for example by means of an O-ring, has to be provided between
the plates in order to seal the cooling duct. As a result of this, the plates can be thinner

10 so that the moulding members (4, 6) and the mould (1) can be smaller.

(Figure 1)
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The invention relates to 2 method of mantfacturing 2 moulding member

comprising two at least substantially flat plates which contact one ancther with a contact
- surface each, at least one of the plates having a groove in the contact surface, which

groove forms a coolirig duct, in which method the plates are secured to one another.

Such 2 method is used inter alia in injection-moulding apparatuses for the manufacture

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

A moulding 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
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
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
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
(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
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It is an object of the invention to provide a method of manufacturing a
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 becausg the volume to be cooled is smaller. 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 platés 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
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Subsequently, the plates are cooled further, which causes a change of structure which

hardens the plates.

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
plates are secured to one another. A suitable electroplating method is nickel-plating of
the contact surfaces. Electroplating of the contact surfaces before soldering yields 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:
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mlﬂlisﬁcetﬁﬁmeémeg,ace he nol d sections each conprise a rear part 7, 9

carr di ng nenber 4 and a second nol di ng nenber 6

resy &IMBH,&DHN di ng nenber 4, 6 conprises two plates 11, 13, 15, 17
secured t ther. One of the plates has a groove 19, which after the
two pl ates have been secured to one another, forns a cooling duct for

cooling the product toriggre'Ph¢lgdectibhfl VbRt &\éuldlémﬂrémglﬁo_ard%gf%h%eﬂ ih©
one anot her by nmeans of "a soldered joint 21. In conparison with the

customary fi adcotdanee with thy imesationof bolts, using an Oring for sealing the
cooling duct, this sol feredy bP) e} Vi AMAhAIonBAk: blaed 3% REGASS
member, and _
Figure 3 is a longitudinal sectional view of a cooling duct formed in a

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 pistan 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.
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of 108630l BRARIeIs and that the plates to be i nt erconnected can be

t hi material for screwthread has to be 5 provided. The

pl ammnﬂwﬁ‘ cond nol ding nmenber 6 carries a shell 23, which is

cla n by nmeans of a clanping #ing 25 and a cl anpi ng bush 27,

This shell 23 has a profile representing information. This profile is

formed in the product Higured showvditheytved platgsr ki Uudtof théa sequindtmouldingfmerhiser 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
hardening and soldering process such internal stresses could give rise to warping of the
plates. Subsequently, the plates are pre-treated, inter 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 CuSn6.
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 fumnace 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 airto 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
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first™ c"% facing the shell has a snooth surface because the
prﬂduc I & vmth I nformati on at one side only. The second nold
sectlo by a base 29 of an injection-nolding apparatus. This

base 29 conprises a first mechanism 31 for gffecting a punch novenent. This
mecha- nism 31 conprises a novable piston 33. This punch nove- nent is

fol loned by @apyerisStodedt¥ir@tfetaicésin 5 anRd THRtecAO! diffRreacesreRBétethe t O
sever a sprue sI ug fromthe product. The base 29 further conprises a second
IS

mechani sm 37optisal dist aselesseowing dp dae influenasvamthet refipetionsefon Hightrheama in Sader o
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 15is
too thin a part S1a of the surface 51 near a cooling duct 19 will have a lower
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
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 liquid 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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conpri. sérg.‘s Rpplgbdon 39, which can be noved hydrau- lically or
pneunat i ﬁl ther piston 39 is situated in the first-nentioned
pi ston 3 n novenent is followed by an ejector 41 provided in
t he second nol d sectlon 5in order to eject? a sprue slug fromthe punch 35.
FIG 2 shows the two plates 15, 17 of the second nol di ng nember 6. The

pl ates shoul QLAEMSade of an air-hardening die steel in order to enable the
pl ates to be hardened during soldering. A suitable naterial is for exanple
[err]. Before the plates are hardened and secured to one anothcr they are
first subjected to stress-relief annealing in order to .

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 electropiated 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.
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This is the replasement sheet.

Date: 03 HAR o9y



renove i Lernal stresses in the plates. During heating in the hardening and
splderinaq B ligad er nal stresses could give rise to warping of the
pl at es.- Sj Lmz e plates are pre-treated, inter alia planed. This

i s becaus y be slightly warped during stress-relief

anneal i ng. For soldering stringent requirerents are inposed on the flatness
of the plate surfaces to be joined. Before the plates are soldered to one

anot her thegcontact syr A6&t ASclditeldcin Claim ¢l characteriseainint thatra wall of
el ectropl at gd. Thi s p)fio'{ln&gggggﬁel nmproved sol der joint and the plates becone

| ess britt!| genvoling decrhustbeen provided with projectensdering. A suitable
el ectropl at |9ng A moulding member as claimed in Claim 7 or 8, characterised in thata

wall of the cooling duct has been provided with recesses.
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thoérls b splidedg. After this the solder is applied, a soldering
Wi e b nto grooves 47, 49 provided 6 for this purpose in
t he pI oIdering foil belng i nt er posed between the contact

surfaces 43 and 45. The sol der material sh®uld be selected in such a manner

that the solder is liquid at the tenperature required for hardening the
pl ates. For ABSITRACEering wire it is possible to select, for

Method of manufacturing & moulding member and moulding member which can be
manufactured by means of the method.

A mould (1) has two moulding members (4, 6) each comprising two plates
(11, 13; 15, 17) secured to one another. In the contact surface of one of the plates (13,
15) a groove (19) has been provided to form a cooling duct. In order to reduce the
dimensions of such a moulding member (4, 6) the two plates (11, 13; 15, 17) are
secured to one another by means of a soldering process. In comparison with the known
method of securing the plates of a moulding member to one another by means of bolts
this method has the advantage that no screwthread has to be provided in the plates and
no additional sealing, for example by means of an O-ring, has to be provided between
the plates in order to seal the cooling duct. As 2 result of this, the plates can be thinner
so that the moulding members (4, 6) and the mould (1) can be smaller.

(Figure 1)
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exanpl e, a coppér alloy, nickel alloy or silver alloy. A suitable copper

al | oy '%fs@ﬁee%@ﬁ@én% 2n6. The soldering foil may be, for exanple, a
bronze f SoI dering is effected in a vacuum furnace at a

t enper at gﬂﬁmw rrately 1050[err]. During soldering the plates are
cl anped ther by a clanping device. During soldering the

pl ates are al so hardened. For the purgose of hardening, the plates are
cooled in a controlled nmanner. This ig effected by first cooling the plates

in a vacuum furnace to a first tenperature of approximtely 880[err] at
whi ch the solder solidifies and under such conditions, no reactions with
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FIG.3
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anbi ent_gases are allowed. Subsequently, the plates are further cooled in
air to a second tenperature of approxi- nmately 50[err], which gives rise to
a changergfsn&et {6l £ eﬁreby the plates are hardened. The final structure
of the pl ' ensite structure. Cooling in air is followed by

t enperi ngﬁw&#ﬂgﬂﬁl menber being maintained at 520[err] for

appr oxi mat'el During cooling of the optical disc the tenperature
at the surface 51 of the plate 15, which surface bounds the cavity for

nmol di ng the optical disc, should be substantially uniformover the entire
area If the tenperature at the surface is xot
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surface 51 of the plate 15 the distance 58 betwedn this surface 51 FEd the ’
cooling ducts 19 nust have a minimal value. |f tHe IDABEORRECEPTo.]
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FIELD OF THE INVENTION

The invention relates to a method of manufacturing a
molding member comprising two al least substantially flat
plates secured one to the other via contact surfaces which
contact one another at least one of the plates having a groove
in the contact surface, which groove forms a cooling duct.
Such 2 method is used inter alia in injection-molding appa-
ranis for thc manufacture of optical information carriers
such as, for example, Compact Discs.

BACKGROUND OF THE INVENTION

A molding member of the type defined in the opening
sentence is known from U.S. Pat. No. 4,185,955. Said
document describes a mold having two mold sections which,
if thc mold sections are in contact with one another, bound
a disc-shaped cavity for molding an optical disc. Each mold
section has a molding member comprsing two plates,
grooves being provided in the contact surface of onc of the
plates to form cooling ducts for rapidly cooling the injec-
tion-molded product and the molding members afler the
injection-molding process. The plates of a molding member
are secured 10 one anothcr by means of bolts. To seal the
cooling ducts O-rings are provided in grooves formed espe-
cially for this purpose in one of the plates. This method of
joining the plates requires much space. The plates should
have an adcquate 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 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 because of the liquid pressure in the cooling ducts,
as a result of which the wall of the cavity in which the

. product is molded would no longer have the required

flamess, the plates should have a specific thickness (rigid-
ity). Because of these requirements the molding member is
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plate, a wall 55 of the cooling duct 19 is provided with recesses 57, see
F1G 3. Conversely, the wall 55 of the 7 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
flowin the cooling ducts 19, which provides a better cooling than in the
case of a lamnar liquid flow and the tenperature

large, which also results in large dimensions of a mold,
cooling ducts, liquid pumps, hydraulic cylinders for moving
the molding member, and other parts of an injection-mold-
ing apparatus in which the mold with the molding members
is used.

SUMMARY OF THE INVENTION

An object of the invention is to provide a2 method of
manufacluring 2 molding member which, for molding the
same product, can be smaller than the prior-art molding
member, so that the mold and the injection-molding appa-
ratus using the mold can also be of compact construction. To
this end the method in accordance with the invention is
characterized 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 savcs spacc. Since the plates are secured to
one another over a large area and the joint extends up to the
cooling ducts, the molding member has a higher rigidity so
that it is possible to use plates which are thirmer than in the
prior-art molding member. Siuce the plates are thinner the
cooling ducts can also be smaller because the volume 0 be
cooled is smaller. As a result of this, the mold, the liquid
pumps, hydraulic cylinders for moving the mold, and other
parts of an injection-molding apparatus in which the mold
with the molding members is used can be of compact
construction.

An cmbodiment of the method in accordance with the
invention is characterized in that before the plates are
secured to one another the plates are subjected to stress-
relief annealing, after which solder is introduced betwecn
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 subse-
quently 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 characterized in that during soldering the
plates are also hardened. In order to meet the requirements
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equal i zes sooner than in the case of a lamnar liquid flow, so that the
er. It is to be noted that the plates 11 and 13 of the
first nmolding nenber 4 may al so be secured to one another by the nethod
descri bed above. Although the invention has been described with reference
to the drawings this does not inply that 3he inventionis limted to the

.plate can be thinn

enbodi nent shown i
enbodi nents whi ch
defined by the clai

n the drawi ngs. The invention |ikew se relates to al

e Sle 6 e Bee"BE e chfi s kil i he scope

hardcned. When bardening 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 cmbodiment of the method in accordance
with the invention is characterized 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. There-
fore, the first cooling cycle is performed in a vacuum
furnace. Subsequently, the plates arc coolcd further, which
causes a change of structure which hardens the plates.

Still another embodiment of the method in accordance
with the invention is characterized in that the contact sur-
fdces of the plates are electroplated before the plates are
secursd to one another. A suitable electroplating method is
nickel-plating of the contact surfaces. Electroplating of the
contact surfaces before soldering yields a proper joint, which
precludes embrittling of the-plates.

The invention also relates to a molding 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 molding member
in accordance with the invention is characterized 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 molding the optical disc should be
substantially uniform over the entire area. If the temperature
at the surface is not uniform some pans of the optical disc
will coal more rapidly than other parts, which may give rise
to color differences in the disc. In order to obtain a uniform
temperature at the surface of the plate the thickness of the
platc between this surface and the cooling ducts must have
a minimal thickness. Otherwise the surface near a cooling
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This is the replacenent sheet CLAIMS 1. A nethod of manufacturing a
nol di ng nenber com prising two at | east substantially flat plates which
are secured to one another via a contact surface present on each plate, at
| east one of the plates having a groove which fornms a cooling duct in the
contact surface, said nmethod conpris- ing4the steps of:

duct will have a lower temperature than a surface remoter
from a cooling duct. In order to minimize this thickncss of
the plate the molding member in accordance with the
invention is characterized 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. -

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a sectional view of a mold comprising molding
members in accordance with the invention,

FIG. 2 is a sectional view of two interconnected platcs of
a molding member, and

FIG. 3 is a longitudinal sectional view of a cooling duct
formed in a molding member.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a mold 1 comprising a first and a sccond
mold section 3, 5. The mold sections each comprise a rear
part 7, 9 carrying a first molding member 4 and a second
molding member 6 respectively. Each molding member 4, 6
comprises two plates 11, 13, 15, 17 secured to one another.
Oune 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 molded. The platcs 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 Lhinner because no material for screwthread has to be
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(1) stress-relief annealing of the plates; (2) electroplating the contact
surfaces; (3) introducing a solder between the contact surfaces while the
sanme are in facing relationship; (4) pressing the plates agai nst one

anot her while main- taining said contact surfaces in facing rel ationsip;
(5) healing the plates and the solder to Isiquefy the solder, and (6)
cooling the plates to solidify the sol der and secure the plates one to

Zpt)te?erel 2tctfgl d cont ac &uﬁmcpfmzlé (r)?tt{!'ed as %im | n cl k wher ei n

camcs 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 molding of a product. The plate 13 of the
first molding member 4 facing the shell has a smooth surface
because the product is provided with information at one side
only.

The second mold scction 5 is carried by a base 29 of an
injection-molding apparatus. This base 29 comprises a first.
mechanism 31 for effecting a punch movement. This mecha-
nism 31 comprises a movable piston 33. This punch move-
ment is followcd by a punch 35 provided in the second mold
section 5 in order to sever a sprue siug 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 hydrau-
lically or pneumatically. This further piston 39 is situated in
the first-mentioned piston 33. Said ejection movemcent is
followed by an ejector 41 provided in the second mold
section S in order to eject a sprue slug from the punch 35.

FIG. 2 shows the two plates 15, 17 of the second molding
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 X40Crl3.
Before the plates are hardened and secured to one anothcr
they are first subjected to stress-relicf annealing in order to
remove internal stresses in the plates. During heating in the
hardening and soldering process such internal stresses could
give rise to warping of the plates. Subsequently, the plates
are pre-treated, inter 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
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plating a solder wire is inserted into at | east one sol der groove provided
in the surface of at |east one plate and a solder foil is interposed

bet ween the contact surfaces. 3. A nethod as clained in claim1 wherein the
pl ates are al so hardened during the sol dering process. 4. A nethod as
clainmed in claim1l wherein cooling is effgcted by first cooling the plates
to a first tenperature in a vacuum furnace and then cooling the plates to a
second t enper at ur

he_cont act sur f a326 thid Brebie.fo e Blatg 1S And R AlderiBeSid! Bedngont aot

interposed between the contact surfaces 43 and 45. The
solder material should be selected in such a manmer that the
solder is liquid at the temperature required for hardening the
platcs. For the soldering wire it is possible to select, for
example, a copper alloy, mickel alloy or silver alloy. A
suitable copper alloy is for example CuSné. The soldering
foil may be, for example, a bronze foil cut to size. Soldering
is effected in a vacuum furnacc at a temperature of approxi-
mately 1050° C. During soldering the plates are clamped
against onc another by a clamping dcvice. During soldcring
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 furmnace to a first
temperature of approximately 880° C. at which the solder
solidifies and under such conditions, no reactions with
ambicnt gascs arc allowcd. Subsequently, the plates are
further cooled in air to a second temperature of approxi-
matcly 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 molding 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 molding the optical disc, should be substantially uniform
over the entire area. If the temperature at the surface is not
uniform some pans of the optical disc will cool more rapidly
than other parts, which may givc risc to color diffcrences in
the disc. These color differences render the opdcal disc
useless because of 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 temperaturc than a part 51b of the
surface 51 which is remoter from a cooling duct 19. In order
to minimize this distance S3 and hence the thickness of the
plate, a wall 55 of the cooling duct 19 is provided with
recesses 57, see FIG. 3. Conversely, the wall 55 of the |

This is the replasament sheet

Date: 07 JUL 1998




surfaces of the plates are secured to one another and hard- ened during the
sol dering process. 6. A nethod as clained in claimb5, wherein

el ectroplating is effected by nickel-plating the contact surfaces. 9 7.
A nmet hod of manufacturing a nolding nenber com prising two at | east

substantially flat plates which are secured to one another by a sol dered
joint, at |east one of the

cooling duct 19 may be regarded as a wall provided with
projections 59 instead of a wall provided with recesses. In
operation thesc 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 liquid 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
molding member 4 may also be secured to one another by
the method dcscribed above.

Although the invention has been described with reference
to the drawings this does not imply that the invention is
limited t0 the embodiment shown in the drawings. The
invendon likewise relates to all embodiments which deviate

from those shown in the drawings within the scope defined
by the claims.
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plafes having a groove which fornms a cooling duct in a surface portion of
tthe plate, said soldered joint extending up to the cooling duct, said
nmet hod conpri sing the step of: (1) stress-relief anncaling of t he pl at es;

(2) electropl ﬂ ﬂ; surfaces; (3) introducing a sol der bet ween
t he cont act ﬂ‘”ﬂg“ ﬂE ﬂ sane are in gacing rel ationship; (4)
pressing the pl atestaghi st *one another while nmain- taining said contact

surfaces in facing relationship; (5 heaCOlxM$e plates and the solder to
| i quefy the sol der; and

1. A method of manufacturing a molding member com-
prising two at least substantially flat plates which are
secured to one another via a contact surface present on each
plate, at least one of the plates having a groove which forms
a cooling duct in the contact surface, said method compris-
ing the steps of:

(1) stress-relief annealing of the plates;

(2) electroplating the contact surfaces;

(3) introducing a solder between the contact surfaces

while the same are in facing rclationship;

(4) pressing the plates against one another while main-

taining said contact surfaces in facing relationship;

(5) heating the plates and the solder to liquefy the solder;
and

(6) cooling the plates to solidify the solder and secure the

plates one to another at said contact surfaces.

2. A method as claimed in claim 1, wherein after electro-
plating  a solder wire is inserted into at least one solder
groove provided in the surface of at least one plate and a
solder foil is interposed between the contact surfaces.

3. A method as claimed in claim 1 wherein the plates are
also hardened during the soldering process.

4. A method as claimed in ciaim 1 wherein cooling is
effected by first cooling the plates to a first temperature in a
vacuum furmace and then cooling the plates to a second

in air.

5. A method as claimed in claim 1 wherein the contact
surfaces of the plates are electroplated before the contact
surfaces of the plates are secured to one anothcr and hard-
ened during the soldering process.

6. A method as claimed in claim §, wherein electroplating
is effected by nickel-plating the contact surfaces.
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anot her at——said conta surfaces. 8. A nethod as clained in claim?7 in
whi ch saiﬂ m\\m med of an air-hardening die steel and said
sol dere-c\l \ at a tenperture of about 1050[err], after which
t he pl at ecolled in a vacuum furnacg to a tenperature of about

880[err]. at which tenperature the solder solidifies, after which the
plates are further cooled in air to a tenpera- ture of about 50 C, whereby

Gllectro- plating o bl meipod Of snuiacttog s moldind Mt somy
prising two at least substantially flat plates which are
secured to one another by a soldered joint, at least one of the
plates having a groove which forms a cooling duct in a
surface portion of the plate, said soldered joint extending up
to the cooling duct, said method comprising thc step of:

(1) stress-relief anncaling of the plates;
(2) electroplating the contact surfaces,

(3) introducing a solder between the contact surfaces

while the same are in facing relationship;

(4) pressing the plates against one another while main-

taining said contact surfaces in facing relationship;

(5) heating the plates and the solder to liquefy the solder;

and ' .

(6) cooling the plates to solidify the solder and secure the

plates one to another at said contact surfaces.

8. A mcthod as claimed in claim 7 in which said plates are
formed of an air-hardening die steel and said soldered joint
is formed at a temperature of about 1050° C,, after which the
plates arc cooled in a vacuum furnace to a temperature of
about 880° C. at which temperature the solder solidifies,
after which the plates are further cooled in air to a tempera-
ture of about 50° C., whereby the plates are hardened.

9. A method as claimed in claim 7, wherein after electro-
plating a solder wire is inserted into at least one solder
groove provided in the surface of at least one plate and a
solder foil is interposed between the contact surfaces.

x5 £ ® x 3
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grobve provided in the surface of at |east one plate and a solder foil is
i nterposed between the contact surfaces * * * * *

10

ABSTRACT

A mold (1) has two molding members (4, 6) each comprising
two piates (11, 13; 15, 17) secured to one another. In the
contact surface of one of the plates (13, 15) a groove (19) has
been provided to form a cooling duct. In order to reduce the
dimensions of such a molding member (4, 6) the two plates
(11, 13; 15, 17) are secured to one another by means of a
soldering process. In comparison with the known method of
securing the plates of 2 molding member to one another by
means of bolts this method has the advantage that no
screwthread has to be provided in the plates and no addi-
tional scaling, for example by means of an O-ring, has to be
provided between the plates in order to seal the cooling duct.
As a result of this, the plates can be thinner so that the
molding members (4, 6) and the mold (1) can be smaller.

Figure 2
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