Device and method for producing thick-walled plastic moulded parts having reduced shrinkage sites by

..injection moulding or embossing Description The invention relates to a device and a method for
producing tMERRAN308BIAd plastics parts by means of injection-md@@HEP2010/057097
injectioncompression-moulding processes, the resultant moulded plastics parts having a reduced
-number of so-called sink marks, or less pronounced sink marks, in comparison with conventional
devices and methods. In particular, the invention relates to a device and a method for producing
moulded plastics parts with wall thicknesses of more than 3 mm, expediently more than 5 mm,
particularly expediently more than 8 mm, the moulded plastics parts being obtained by the
injection-moulding process or being injectioncompression-moulded from thermoplastic moulding
compounds, prgferably PMMA. Thick-walled moulded plastics parts of this kind are, for example,
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plastic lenses f51%{1& . CLAFRAUEing %&m&q@ﬁﬁwmgﬁ%ﬁc moulding
compounds archgingngdugeid\shrinkagevsites bytinjectionynetiging heerylbessing
polymethylmethacrylic imide, cyclo-olefin copolymers, polycarbonate or co-polycarbonate being used
according tdéscappidration. In the case of known methods, lens blanks of uniform wall thickness are
produced in cycle times of below 30 s and a standard injection-moulding process is normally used for
this. The mQtlIding compound is introduced into the cavity of the mould in the filling phase via channels
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regu number of so-called sink marks, or less pronounced sink marks, in
comparison with conventional devices and methods.

In particular, the invention relates to a device and a method for producing
moulded plastics parts with wall thicknesses of more than 3 mm, expediently
more than 5 mm, particularly expediently more than 8 mm, the moulded plastics
parts being obtained by the injection-moulding process or being injection-
compression-moulded from thermoplastic moulding compounds, preferably
PMMA.

Thick-walled mouided plastics parts of this kind are, for example, plastic lenses
for spectacies. Thermosetting casting compounds (CR39) and thermoplastic
moulding compounds are generally employed here, with polystyrene,
polymethyimethacrylate, polymethyimethacrylic imide, cyclo-olefin copolymers,
polycarbonate or co-polycarbonate being used according to the application.

In the case of known methods, lens blanks of uniform wall thickness are
produced in cycle times of below 30 s and a standard injection-moulding
process is normally used for this. The moulding compound is introduced into
the cavity of the mould in the filling phase via channels of small dimensions.
Because amorphous polymers undergo a high density reduction in the cooling
phase, in the range of up to 10 percent by volume or more, this material
shrinkage is compensated in a subsequent follow-up pressure phase by plastic
melt being fed in by the injection plunger of the injection-mouiding device.

in the case of a standard injection-compression moulding process, as a



difference from the standard injection-moulding process, in a first filling phase the plastics compound
S introduc%@tﬁﬁ p[@ogqmged cavity, and this plgstics moulding COW’E#iw ly
compressed by means of an axial compression of the mould. The mass that’is introduced into the
pre-enlarged cavity in the first filling phase corresponds in this case to the mass of the parts that are
“later removed. The axial movement of the mould has the effect of reducing the size of the pre-enlarged
cavity and of bringing about the remaining filling of the cavity. The standard
injection-compression-moulding process is used for simple optical parts in order to avoid sink marks as
a consequence of material shrinkage. In addition, however, surface markings may also occur because
the plastics moulding compound cannot flow into the cavity in an optimal laminar flow. Cold outer
layers may bAoA ARIA Ak LU GrRLIaRS, PONRRAP IR ARSI SHE G MO up to
almost the glass transition point, the occurrence of cold outer layers s syppressed. glgwever, this
results in a RARRYRICOMPOPNG iinBasivisee NtArfLRIG-sRimRaphravily 1and tigeRsigates are
required, anubibidgeghaanipdmedulisegqubsdyenthff wihmpitesrsadingansndaasand gemeesligican no
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marks" assumes quite central significance in the production of thick-walled mo ICS parts, for
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thicker, "suHRefl fearkineisnaniicakpasticincosiertarrvaisheinkimgrih aseaarogeequancmarks on the
finished mawigrdigpshririkagih the increased free shrinkage (volume reduction) of the material leads
to defects with inadequate material thickness. Although this phenomenon can in theory be countered
by increasing the follow-up pressure of the screw, an increased follow-up pressure of the screw
results in adflifsiliate SOWE R HheUHaRAIPREIBI ateANI als9 REJWobSEAVRSt® alaRtissular
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deteriorates as a result. A met for shaping moulded plast arts with compen
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under pressure in the cavity is compensated by a reversible expansion of the mould cavity that is
dependent pn the pressure inside. the cavity. This is achieyed, for example, by providing systems for
generating ﬁ'c%ﬁ%? gs%ﬁ-‘ﬁr%?sh’@&ﬁ%&%@ﬂ?t rﬂ‘{é?fg?é@"’iﬂ%{@? SalERiIBE JRMRS introduced
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injection-compression moulding. A further proposal for producing thick-walled moulded parts can be
taken from DE 100 48 861 Al = document 2 or D2. D2 describes a method and a device for producing
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phase. sequential compression moulding. Thick-walled moulded parts are usually such

moulded parts that have a wall thickness of at least three millimetres at at least

one point. In particular in the case of moulded part thicknesses of five

millimetres, eight millimetres or thicker, "sunken marks" can be seen after

cooling and demoulding. These are generally marks on the finished moulded

body at which the increased free shrinkage (volume reduction) of the material

leads to defects with inadequate material thickness. Although this phenomenon

can in theory be countered by increasing the follow-up pressure of the screw,



A method for making the shrinkage behaviour of an injection-moulded part more uniform, both

. between inqjy} I a multi-cavity mould gnd from cycle to cygl inlectian-maulding
operation, iﬂﬁﬁﬁé#gg@ml 14 228 Al = docu%ent 3orD3.In thiféﬁmﬁmgﬁ?re and/or
the internal pressure in the cavity is monitored and adapted to a reference curve by temperature

“control of the mould from the end of the filling phase or from a pressure maximum in the cavity to the
end of the injection-moulding phase. WO 2004/058476 A3 = document 4 or D4 discloses a method for
regulating the production of injection-moulded parts. According to the proposal of D4, the temperature
of the mould is regulated. Furthermore, the cavity and/or the mould core is directly heated or cooled.

The basic concept of D4 is not to regulate the temperature of a cavity or a mould core (= compression

ram) exclusjyek bly means qf a coolin circuit? bwith the aid of heatin éjeitﬁeme ts. If it is found that the
cavity or m&Ul c%r%aﬁggq jot%%ﬁgpaﬁ%sﬁ’ig? iSto0FoRF Y HESHAG Qeﬂ% 9%@%&%’&@& Ba higher
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circuit is incrieasadultied paTs BrrdicanperioHeeadbcoprisutRaPhiMIVALLEISABEEIRRS in the

cavity constant. Ne th [ f the mould temperature in the injection-maulding
operation tfﬁ%%réﬁ%‘,}g ?@:%rg}ég%g)%??%}% %4\,(:5(])%@ S ?n\?%?fav%%?%\%cgi d?#g%eD%pgﬁa D4, the
temperaturdHiRIhe RRUded pril deleseries atd REWdnse. In addition, the temperature of the

entire cavity always has to be controlled, which not only leads to a slow response, with an adverse
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cited and discussed here, it has been an the Invention to provide a device for producing
thick-walleo"ﬁ%{ﬁ%'a 8\[&%:%5{? @F@%‘Ne fom defoPRdiddiig AHirfedasnnet pr&dsidh-moulding
processes witichriling dosiiplét dissiveetion metbttkirobjbitiofities doviegtior kasliepinttustayide a
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inside the cavity. This is achieved, for example, by providing systems for
generating a compression-pressure-dependent counterforce in the form of
flexible elements introduced into the cavity. Although such a procedure
appears to be suitabie in individual cases for reducing shrinkage, it is complex
and has not so far become established practice for injection moulding or
injection-compression moulding.

A further proposal for producing thick-walled moulded parts can be taken from
DE 100 48 861 A1 = document 2 or D2. D2 describes a method and a device
for producing thick-walled blanks for optical lenses in which a two-stage
approach is adopted. In a first stage, firstly a thin lens is produced by injection
moulding and this is then increased to its final thickness, i.e. "inflated”, in the
second stage of production by supplying plastics material. Although the surface
quality of thick-walled moulded parts can in this way be made to approach the
quality of thin-walled mouided parts, according to D2 an additional compression
phase is required after the first phase or even the second phase. This gives
rise to the problem of molecular orientation during the follow-up pressure phase.

A method for making the shrinkage behaviour of an injection-moulded part more
uniform, both between individual cavities of a multi-cavity mould and from cycle
to cycle of an injection-moulding operation, is known from DE 101 14 228 A1 =
document 3 or D3. In this case, the temperature and/or the internal pressure in
the cavity is monitored and adapted to a reference curve by temperature control



during the injection moulding or injection-compression moulding. Furthermore, the reduced cycle time

~ should not W@ OSSR of a follow-up pressuge phase or a Ionge ?W’P%B hase A
further object ofhtﬁflmventlon may be seen in the provision of a method for producing h| Walled

moulded plastics parts by means of injection-moulding or injection-compression mouldlng processes, it
“being intended for the method to make the production of plastics bodies possible quickly, reliably and
cost-effectively by simple means. In terms of the method, there has likewise been the object of making
the injection moulding or injection-compression moulding occur in such a way that the resultant
moulded plastics parts have a reduced number of so-called sink marks, or less pronounced sink
marks, in comparison with conventional devices and methods. These objects and further objects,
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prior art or become se t, are achieved by evice with a|m
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referring back to the independent device claim. In terms of the method, the features of the independent

method claip@'isiadsBag orie BERIABIAT Al BassReBLdIs MeHaNRLiAaI e aspects
of the method. Ad\{anta oys variants &(I)Hf the metho ré\re a protection In tfte met od claims that

are dependBIRAIFIRD Rl dpisFigR MeHdercRads Fi ﬂ?ofﬁiénaaﬁ%m ﬂ@%@%aéaﬁed%‘f‘y dhtect the
use of the MMM%MVMMMUM is regulated. Furthermore, the cavity and/or the

mould core is directly heated or cooled. The basic concept of D4 is not to
regulate the temperature of a cavity or a mould core (= compression ram)
exclusively by means of a cooling circuit but with the aid of heating elements. If
it is found that the cavity or mould core has a temperature that is too low, the
heating elements are adjusted to a higher setting. If the temperature in the
cavity or at the mould core is too high, the circulation in the cooling circuit is
increased. The aim is in each case fo keep the pressure and temperature
conditions in the cavity constant.

Nevertheless, the regulating of the mould temperature in the injection-moulding
operation that is proposed according to D3 and D4 could be improved.
According to D3 and D4, the temperature regulation appears to have a relatively
slow response. In addition, the temperature of the entire cavity always has to
be controlled, which not only leads to a slow response, with an adverse effect
on the cycle times, but also leads to increased expenditure of energy.

In the light of the prior art cited and discussed here, it has been an object of the
invention to provide a device for producing thick-walled moulded plastics parts
by means of injection-moulding or injection-compression-mouiding processes
which is of a simple construction.

Another object of the invention has been to provide a device which allows the
production of moulded plastics parts, preferably from thermoplastic materials,
with relatively high optical quality as far as possible by simple means but
nevertheless very variably.

Yet another object of the invention has been to provide a device for producing
thick-walied moulded parts which makes it possible to reduce the cycle times



for injection moulding or injection-compression moulding with a cavity, is distinguished by the l;act thﬁt

-.the mould | gion which is adjacent to the cavity and l#ﬁ O%ciw % ote from the
cavity and %ﬂe@ﬁéﬁﬁ \u/]v%ell region that is near the cavity, the body 3? ‘ﬁé/ Z’é rGg?med such
that it can be controlled to a temperature T1 and the wall region being formed such that it can be

“controlled to a temperature Tz, which is different from the temperature 1-1, the known devices can be
successfully improved, the production of thick-walled moulded plastics parts can be successfully made
more efficient and all the requirements specified by the standards institutes and industrial processors
with respect to the physical and chemical properties of the resultant moulded bodies can be

successfully satisfied in an outstanding way. In particular, the resultant moulded bodies have a greatly

reduced number of sink.marks and/py. much. less pronounced sjnk marks in comparison with moulded
bodies that %%W‘ge %%t'&#ﬁ&agr%"y@&H@Wa%d’ﬁ%@%@’&'?m%&%}?n @B@é’i@e according to the

invention to realize a great number of additional advantages. These .in.cIU(Ije: Shortened. cycle timgs by
means of opimBLAtRsesSHe maRissd eyiethminituion mauklng grdnispipreompieisipa goulding.
Optimal Progeas i BREU S AENGEPRSS RUBHPALLRIG Rions in the moulded part.

A further object of the invention may be seen in the provision of a method for
producing thick-walled mouided plastics parts by means of injection-moulding or
injection-compression moulding processes, it being intended for the method o
make the production of plastics bodies possible quickly, reliably and cost-
effectively by simple means.

In terms of the method, there has likewise been the object of making the
injection moulding or injection-compression moulding occur in such a way that
the resultant moulded plastics parts have a reduced number of so-called sink

marks, or less pronounced sink marks, in comparison with conventional devices
and methods.

These objects and further objects, which although not specifically mentioned as
such readily follow from the introductory discussion of the prior art or become
self-evident, are achieved by a device with all the features of Claim 1.

Advantageous refinements of the device according to the invention are the
subject of the claims referring back to the independent device claim.

In terms of the method, the features of the independent method claim provide a
solution to the problem addressed by the invention with regard to the aspects of
the method. Advantageous variants of the method are afforded protection in
the method claims that are dependent on the independent method claim.

Finally, the claims of the use category protect the use of the method of the
invention.

In particular because a device for producing thick-walled moulded plastics parts
by injection moulding or injection-compression moulding, comprising a mould



In the case of moulded parts with differences in wall thickness, the advantageous effect of the method

- IS evident iwrgﬁq%wgpdgspect to the thicker wall regions of the mcggﬁi?fép%?,lﬁag?%gcting

pressure distribution or compressing pressure distribution and, as a re avoldance or reduction of
sink marks on the moulded part. Less or no molecular orientation, whereby the optical quality of
“lenses, for example, is improved. Outstanding dimensional accuracy of the moulded parts. Longer and
more effective compression phase, since no prematurely frozen-in outer layers occur. The device of
the invention for producing thick-walled moulded plastics parts by injection moulding or
injection-compression moulding comprises a mould for injection-moulding or injection-compression
moulding with a cavity.

for injection moulding or injection-compression moulding with a cavity,
is distinguished

by the fact that the mould comprises a wall region which is adjacent to the
cavity and a body which is remote from the cavity and adjacent to the wall
region that is near the cavity,

the body of the mould being formed such that it can be controlled to a
temperature T4 and the wall region being formed such that it can be controlled
to a temperature Tz, which is different from the temperature T;,

the known devices can be successfully improved, the production of thick-walled
moulded plastics parts can be successfully made more efficient and all the
requirements specified by the standards institutes and industrial processors with
respect to the physical and chemical properties of the resultant moulded bodies
can be successfully satisfied in an outstanding way. In particular, the resultant
moulded bodies have a greatly reduced number of sink marks and/or much less
pronounced sink marks in comparison with moulded bodies that can be
obtained by using known devices. Moreover, it is possible according fo the
invention to realize a great number of additional advantages.

These include:

= Shortened cycle times by means of optimal process temperatures in the
injection moulding or injection-compression moulding.

=  Optimal process temperatures with respect to the shrinkage conditions in
the moulded part.

= in the case of moulded parts with differences in wall thickness, the
advantageous effect of the method is evident in particular with respect to
the thicker wall regions of the moulded part.



The terrn "mould for injection-moulding or injection-compression moulding" is to be understood as

- being synowmwwﬁom@xpressmns 'injection I:f10u|d and' |njectlopéwﬁﬁql c; Unless

especially indicated, the term "mould" is understood hereafter as always meaning cumula Ively an
injection mould and an injection-compression mould. These terms are to a great extent known to a
person skilled in the art. The mould of the device according to the invention has a cavity. This is
understood within the scope of the invention as meaning a hollow space which is filled with
thermoplastic material during the injection-moulding or injectioncompression-moulding process. It is _
clear that the invention is not restricted to moulds with a single cavity. Devices with moulds which have
more than one cavity, whether in one or more parting planes, are equally included by the invention.

For the purpgse i | iy ct C rises a
wall region %hlc}?i"agcﬁ ?eégﬁ%)oma@%%% d%‘r%cﬁ g%{a%\l whlgﬁmsb rgr%éotgb )Snle %%éjv' ”E) %m'ﬁjacent to
the wall region tH3%s ASaR FRSH |§/V°M%es% @'Q%?ﬁ&h%éﬁ@ﬂ?e@ﬁr@%r%@@dvmes and,

considered from parhvity, the region of the mould which adjoins the cavity and delimits it is referred to
as the region near the cavity of the mould. Furthermore, the region of the mould which, considered
from the direction of the cavity, js remote, from the ca ﬁ@%yd adjoms the wall regflon near the cavity of

the mould iSknowhSSsIhBH B/ HIRE BEAYRLIAB: thgAptiahaualy QT fensatclfss of the

wall region near g0y isfitnproxsdd may vary over a wide range. Similarly, the thickness of the
body remote from the cavity of the mould may vary over a wide range. Generally, the ratio of the

thickness of the vﬁ\sa r{%%gn near tge caﬁ/ltq of the mo q:\é) the (l;nes of the region remote from the
cavity of theé outdies it Q?r%n? AGHY- 2 RSPt Sconstant for a mould. There
may, however, be dlﬁerent thlckness ratios for a mould considered at a number of points, depending

on the specific cmﬁiwﬂ@m@f therenastid it theo RHERSPTPRESS resinEeMedtpfariariFagHId. It has
proven to be ad Mlét’h'%gg'%%cc of the invention if the thickness of the wall region near the

cavity of the mou |s equa toor tha e thickness of the body remote from the cavity of the
mould. It is of particular advantage if the thickness of the wall region near the cavity is made as small

as possible Theatepizesoithdtmiention foe protducn thizkavilledmsuldddes) dstiae paeempt greater
than 1.2, evgnaipye W@W LK Sﬁt%m?ﬂa% oA A ﬁgﬁ]&wem'y hot greater than
t

1:10, have prove 0 be particularly successtul for the ratio o iIckness of the wall region near the
cavity to the?dBay éﬁbl@%ﬁﬁﬁ@%ﬂ%ﬂh@%ﬂﬂrcm Wit @@y -devices
according to the invention, the said ratio lies in the range from 1:8 to 1:2, even more preferred in the
range from $HO tarh Sraod@ Y6 P ifeEl G RRGIRAMG B G EaNeR-EoMpted vl mSulding" is to

be understood as being synonymous with the expressions "injection mould" and

"injection-compression mould”. Unless especially indicated, the term "mould" is

understood hereafter as always meaning cumulatively an injection mould and

an injection-compression mould. These terms are to a great extent known to a

person skilled in the art.

The mould of the device according to the invention has a cavity. This is
understood within the scope of the invention as meaning a hollow space which
is filled with thermoplastic material during the injection-moulding or injection-
compression-moulding process. It is clear that the invention is not restricted to
moulds with a single cavity. Devices with moulds which have more than one

cavity, whether in one or more parting planes, are equally included by the
invention.

For the purposes of the invention, a mould is distinguished, inter alia, by the fact
that it comprises a wall region which is adjacent to the cavity and a body which
is remote from the cavity and adjacent to the wall region that is near the cavity.



With respect to the total thickness of the mould, the thickness of the wall region near the cavity of the

. mould may‘m@\g@@ﬁ&?yégver a wide range. In aaoreferred embodlmsﬁt.r é).wﬁzlnvention
t

is characterized In that the thickness of the wall region makes up between apprOX|ma O and 1/4
of the total thickness of the mould comprising the body remote from the cavity and the wall region
"near the cavity. It is preferred even more for the device if the thickness of the wall region is
approximately 1/10 to 1/5 of the total thickness of the mould comprising the body remote from the
cavity and the wall region near the cavity. The device according to the invention is characterized in
particular in that the body of the mould is formed such that it can be controlled to a temperature T1 and
the wall region is formed such that it can be controlled to a temperature T2, which is different from the
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the mould to e confr rent temperatures, and one me. The
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mould lies in the range from 1:100 fo 2:1. This ratio may be constant for a

mould. There may, however, be different thickness ratios for a mould

considered at a number of points, depending on the specific construction of the

mould and the particular process requirements for the mould.

It has proven to be advantageous within the scope of the invention if the
thickness of the wall region near the cavity of the mould is equal to or less than
the thickness of the body remote from the cavity of the mould. It is of particular
advantage if the thickness of the wall region near the cavity is made as small as
possible in comparison with the body remote from the cavity. Thus, values in
the range not greater than 1:2, even more expediently not greater than 1:5 and
particularly expediently not greater than 1:10, have proven to be particularly
successful for the ratio of the thickness of the wall region near the cavity fo the
body remote from the cavity of the mould. In the case of particularly preferred
devices according to the invention, the said ratio lies in the range from 1:8 to
1:2, even more preferred in the range from 1:10 to 1:5 and even more
expediently in the range from 1:20 to 1:10.

With respect to the total thickness of the mould, the thickness of the wall region
near the cavity of the mould may likewise extend over a wide range.

In a preferred embodiment, the device of the invention is characterized in that
the thickness of the wall region makes up between approximately 1/20 and 1/4
of the total thickness of the mould comprising the body remote from the cavity



The wall region near the cavity of the mould and the remaining body can be isolated from one another
- with a view W@?ﬁuﬁfﬁafﬁggntrollamnty in various gays. It may be poslgyg %quﬁ Sdfglons
near the cavit the mould with a special coating, which can for example be activated by means of
resistance heaters or inductively. In this respect, a person skilled in the art may succeed in using
“coating materials that are known per se, such as for instance thermoceramic coatings. However, the
subsequent coating of existing moulds is rather laborious. It may therefore be preferred for the
purposes of the invention that the wall region near the cavity of the mould and the body remote from
the cavity of the mould have temperature control circuits that are separate from one another. In this
way, the differences in temperature between the wall region of the mould and the remaining body of
the mould cg%)%ge@}g? 910% hﬁm d expedient manner. The activation of the two
temperature control circuits may ta ace Irf various ways. Apart from the already mentioned
activation by means of reS|stance heaters or inductive activation, it is possible to regulate the

temperaturdtbis meéfesmﬂliqu’&hnmdte forcthesdeviesain e vibicknes orostehenwiahasgieenitound to

pe particulady SrHHIEARP 1710 IS TRPRTAHEILINARRARR O1dNRHBVAIAD LSROHGIEPGIRY near the
cavity of the mould Is exc an e An e len t device according to the |nvent| efore has an
exchangeatﬁ’é’& Vil %Yﬁyp wall regiRrbpeatdie RV an inner I|n|ng of the hollow

space within the mould that is of an exchangeable configuration and separates the mould body and

the clz(avnﬁ frqmééﬂ@\ﬂéétﬁ%omﬁ %&Q@tmi% %%&;&?@J%&VW m&%érm?ﬁﬁf;m%sf the
UICK and In u e Irame 'ms Of cavi S
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extremely rahd rtbgo‘dﬁﬂe'wtme@mm@m@e@ai ibagsebruwrentroliedsto ot tercipetatiyar dively

expensive nimﬂalrsl%tﬂémhmﬁ@mr@er@&mwmﬁmlmropwﬂlgw@aﬁ@mera&}ama a&agHparison

with the bo%gﬁe%w@c&%sfsfeaﬂmﬂz aIPF I SR 8 G PO RY TR WL fence for

injection mou
to di erent temperatures, and for this to be done in a very short time. The

relatively slow response with respect to changes in temperature of the mouid
body as a whole that has previously been observed in practice can be improved
significantiy by isolating the wall regions near the cavity of the mould from the
the remaining body of the mould with a view to being about to control their
temperature separately. This results particularly advantageously in the
possibility of setting higher temperatures in the region near the cavity of the
mould, with the consequence that the heat ultimately acting on the plastics
material introduced into the cavity brings about a higher temperature of the
piastics material. Similarly, the isolation of the wall region from the remaining
body of the mould with regard to temperature controliability brings about the
possibility that the temperature of the outer regions near the cavity of the mould
can be controlled for a longer time period than is the case with conventional
devices, with the result that the number of sink marks or how pronounced they

are, that is to say the intensity of the sink marks, is reduced in comparison with
conventional devices.

The wall region near the cavity of the mould and the remaining body can be
isolated from one another with a view to temperature controllability in various
ways. It may be possibie to provide the regions near the cavity of the mouid
with a special coating, which can for example be activated by means of
resistance heaters or inductively. In this respect, a person skilled in the art may
succeed in using coating materials that are known per se, such as for instance



also injection-compression moulding. As a difference from injection moulding, in the case of

- Injection-c ing the device additiogglly has a movable ssion
WO s i P CARBIGEReT

ram: - Itis o ular Interest and preferred in this respect within the scop that the
mould core or compression ram is formed such that it can be controlled separately to a temperature
'T3. This variant may be used in particular for the purpose of additionally introducing energy into the
material located in the cavity by means of the compression ram, with the consequence that the quality
of the resultant molded part can be further increased. In an expedient embodiment, this concept is
realized by the mould core or compression ram having a thermoceramic coating. The invention also
relates to a method for producing thick-walled moulded plastics parts with a reduced number of sink

marks, or l‘?ﬁ%f?ﬁ%’&}%\"&%@é&@% rksﬂg%g\}sf;tlﬁ_.nené Id|n ‘11' E]%goc p%dﬁeﬁﬁﬁ)ﬁ"? lding, in

which a device as erelnabove rovided; atherm ast le state is
injected mtdﬁtfﬁ”ﬂﬁ’élﬁ@%%dewce the injected plastlcs mouldlng compound is allowed to solidify;
and the solidified plastics moulding compound is demoulded; wherein before and/or during the

injection ongrRiRy HdRIPE B LR 0 hsr A 'BaiRBsaIG eyl lﬁ?dw? i Rigyant o and

kept at a value, greater than the_Vicat temperature lastics mo compoun
temperaturé Ber}?@bfgﬁtﬁﬁﬁﬁté(nolfh@?emﬁ@}gtﬂ@'It’i‘eopfﬁ nenatedegm t Pe cawty of the

mould have temperature control circuits that are separate from one another. in
this way, the differences in temperature between the wall region of the mould
and the remaining body of the mould can be realized in a quick, simple and
expedient manner.

The activation of the two temperature control circuits may take place in various
ways. Apart from the already mentioned activation by means of resistance
heaters or inductive activation, it is possible to regulate the temperature by
means of liquid media, such as for example water, oil or steam.

It has been found to be particularly advantageous in this respect within the
scope of the invention if

the wall region near the cavity of the mould is exchangeable. An expedient
device according to the invention therefore has an exchangeable cavity frame,
which with preference is made of steel. This is an inner lining of the hollow
space within the mould that is of an exchangeable configuration and separates
the mould body and the cavity from one another. The advantages of an
exchangeable cavity frame are, in particular, the quick and individual
adaptability of the frame to new forms of cavity and the possibility of quick
exchangeability. Moreover, it is possible to produce the cavity frame from
materials that have an extremely rapid response with regard to changes in
temperature. The use of such comparatively expensive materials is then limited

to a relatively small proportion by mass or volume in comparison with the body
as a whole.

As already stated, the device of the invention is suitable with preference for
injection moulding.

A further preferred appilication area of the device according to the invention is



during the solidifying of the plastics moulding compound and before the demoulding, the temperature

- T2 of the w ' cavity is brought to mperature below J Tv of the

plastics mow&ﬁg%nmfrgf According to this prg‘(lzrfdure, the outer reggr%%ﬁacﬁge%&gzt can be
controlled to a higher temperature, and if appropriate for longer, with the consequence that the effect

~of a follow-up pressure or compressing force can be maintained for longer. The Vicat temperature Tv
is understood here as meaning the Vicat softening temperature (VS7) according to DIN EN I1SO 306
(previously DIN 53460). The Vicat temperature is measured with a needle (with a circular surface area
of 1 mm2). This is subjected to a testing force of 10 N (testing force A) or 50 N (testing force B). The
test piece with a permissible thickness of 3 to 6.4 mm is exposed to a defined heating rate of 50 or 120
KM. The VS i A ipde he e f penetration of 1. mm. By yarying the
boundary c%iﬁtiiﬁ%ﬁ?&r\%%%ﬁ%g%@%sHé?ggﬂrgrgilfetgr% %é'?g?gﬁéﬁg e nsjsg it VQ‘I}j . VST/AI20,
vST/B50 arld T/eass ahinigsinsseomerrssinairgudding the: pavirsadeitiealiydh@snauniess
otherwise indiweable Impuhdigerdn theccasprebthenmeshnd oftthe ivfeptinitubafortaradiongdring the

niecti : i _ | reqi tk j i jiently th
niection opBFHGRei i FRPRISHA ol 1 <esian qr by BRI SiPedieny the

cavity frame described above, of the m | means of
suitable hediHGRFEESRParRBh \ﬁitFP{H?eQEZrﬁH‘éPaﬁ%tlébé?%? the réﬁr&rm'r‘fgdbée%’fiﬁﬁ&rr}éula. The

temperaturdeyopecatuirend putelhisgivariaehrriay cheityspabfimapyyriicalaaVvity flae@urptise cake
expediently JaptoPlame iIRYFIGatInY IEhERgPaREd HNRCHERSHAN G NE Fe cavity by means
|njectlon-conhogﬁssmn-mouIdlréc}; %ﬁle. [iﬁmgrthe |n4ect|on %&ES : gls a\lgﬁ}ex eggent tojmn the outer
region near the Cavity Wit prateraned TS HERR ﬁgé b8 Wﬁré resWig
temperaturéMelée@bpead tearvibs: fewiperaineeased injltteh prrprdienitenahddiorert, tdhisaintain a
long follow-gpritessuie aleelizuessingryesabRd Aterdheplagdfspreakibas werrbyselidiied, the
wall region ﬂg&rrﬁ%%é:%\‘ﬁy Q,Ic}gﬁn ould is brought back to a temperature below the Vicat temperature
of the plastics matferial, oqbe specific the demoulding temperature, by means of suitable cooling. As

already stated, one advantage of the method according to the invention is that the slow response of
the mould wither egaeshtionhalige satatemperaiuecihodefopnproanding nsrcueniliethshextiotimes are

made achieyphifdy pates A RARCHABMAR HUEBA! BedhRUIaRaaANLY SRIG ahadgnggt follow-up

pressure effect or in ‘spite of a longer effect of the, compressing force. | vantage in this

connection &Y ENEEULMRHIRER IRIsSiRNrsABYRIeSS iGN RWiINg g AT the cavity and

the temperature level Ti of the remaining mould body are also as great as possible.
— adevice as hereinabove is provided;

- a thermoplastic moulding compound in a flowable state is injected into the
mould of the device;

- the injected plastics moulding compound is allowed to solidify; and

- the solidified plastics mouiding compound is demoulded;

wherein

- before and/or during the injection operation, the temperature T, of the wall
region near the cavity of the mould is brought to and kept at a value greater
than the Vicat temperature T, of the plastics moulding compound, the

temperature T, being greater than the temperature T4 of the mould body;

and



Accordingly, a particularly expedient modification of the method according to the invention is

- distinguishpgigdie fass Hoa a difference AT21 between the temperatpeTIE P2§19)98/T RGIon near

the cavity and the temperature Ti of the mould body remote from the cavity of more than 20C is set. An
even more preferred variant provides that a difference AT21 between the temperature T2 of the wall
“region near the cavity and the temperature T1 of the mould body remote from the cavity of more than
40C is set. Such a temperature difference has a particularly advantageous effect on reducing the sink
marks of the finished moulded bodies. In a further favourable modification of the method it is provided
that the temperature of the wall region near the cavity of the mould is controlled by means of liquid
media, by means of resistance heating or inductively, particularly expediently by means of liquid or

gaseous medn%«crfq ARG sksaw%teaastﬂgeraan Oéaﬁf?ptsw&@t%cm#a?@ﬁn@ed to the
mou

known injection

advantageous gﬁgl:%ﬂé]fa%gﬁﬁ §§’Ffﬁ?® 1%‘ fﬁ:&  HRaL Sﬁllé%\?fﬁélcjﬁé%%'aﬁes

to a temperature below the Vlcat temperature TV of the plastics moulding
compound.

According to this procedure, the outer region of the molded part can be
controlled to a higher temperature, and if appropriate for longer, with the
consequence that the effect of a follow-up pressure or compressing force can
be maintained for longer.

The Vicat temperature Ty is understood here as meaning the Vicat softening
temperature (VST) according to DIN EN ISO 306 (previously DIN 53460). The
Vicat temperature is measured with a needle (with a circular surface area of 1
mm?). This is subjected to a testing force of 10 N (testing force A) or 50 N
(testing force B). The test piece with a permissible thickness of 3 to 6.4 mm is
exposed to a defined heating rate of 50 or 120 K/h. The VST is reached when
the indenter reaches a depth of penetration of 1 mm. By varying the boundary
conditions, four combinations of parameters are obtained, to be specific
VST/AS0, VST/A120, VST/B50 and VST/B120, the VST/B50 method being
used for the purposes of the invention unless otherwise indicated.

in principle, in the case of the method of the invention, before and/or during the
injection operation, the temperature of the wall region near the cavity,
particularly expediently the cavity frame described above, of the mould, is
controlied to a higher temperature level by means of suitable heating in
comparison with the temperature level of the remaining body of the mould. The
temperature control of the outer region near the cavity, preferably the cavity
frame, in this case expediently takes place cyclically with respect to the
injection-moulding or injection-compression-moulding cycle. During the
injection phase, it is also expedient to bring the outer region near the cavity,
with preference in the form of the exchangeable cavity frame, to a high
temperature level above the Vicat temperature of the injected plastics material,
in order to maintain a long follow-up pressure or compressing pressure. After
the plastics melt has uniformly solidified, the wall region near the cavity of the



from plastic. The method of the invention is expediently used for producing thick-walled

- injection- mw@%qwﬂmmj compression- mouldqg parts with wall th| %Wﬁw Smm. A
u

further advantageous use comprises the production of thick-walled |nject|on mo
injection-compression-moulded parts with wall thicknesses of more than 8 mm. The method of the
“invention is suitable for producing moulded parts from thermoplastic materials, such as polystyrene,
polycarbonate, co-polycarbonate, cyclo-olefin copolymers, polymethylmethacrylic imide, or
polyacrylates and methacrylates. A particularly expedient use concerns the production of PMMA
moulded parts; most particularly preferred are lenses for optical purposes. The invention is explained
in more detail below on the basis of exemplary embodiments and comparative examples with

reference tod ﬁ;&cgo%%w%gaggg%s é % Qra'%&gr%&%hv?‘”(ﬁ a g@gﬁs ?eerﬁg%? atpurloeu%l} 3 idealized

and simplifie representat cavity frame; Figur OWS a Cross sectlonethrougha
partial viewRIREHCETBEtERRInt 9 be specific the demouidtng temperature, by means of

suitable cooling.

As already stated, one advantage of the method according to the invention is
that the slow response of the mould with regard to changes in temperature is
overcome, and consequently fast cycle times are made achievable in spite of
higher temperatures at the moulded part and in spite of a longer follow-up
pressure effect or in spite of a longer effect of the compressing force. It is of
advantage in this connection if the differences between the temperature level T,
of the wall region near the cavity and the temperature level T, of the remaining
mould body are also as great as possible.

Accordingly, a particularly expedient modification of the method according to the
invention is distinguished by the fact that a difference A7,y between the
temperature T, of the wall region near the cavity and the temperature T4 of the
mould body remote from the cavity of more than 20°C is set.

An even more preferred variant provides that a difference Aryy between the
temperature T» of the wall region near the cavity and the {emperature T, of the
mould body remote from the cavity of more than 40°C is set.

Such a temperature difference has a particularly advantageous effect on
reducing the sink marks of the finished moulded bodies.

In a further favourable modification of the method it is provided that the
temperature of the wall region near the cavity of the mould is controlied by
means of liquid media, by means of resistance heating or inductively,

particularly expediently by means of liquid or gaseous media, such as oil, water
or else steam.

The principle of the invention can be applied to the known injection-moulding
and injection-compression-moulding processes. lts particularly advantageous
effects are obtained, however, in the production of thick-walled moulded bodies



a device according to the invention; Figure 3shows a diagram of the structural thickness distribution

- with respecjnie 269'gbRiRe42and Figure 4shows aqgjagram of the stru %I,mﬁglﬁggution with

respect to a hot frame. List of designations for Figures 1 and 2: 1Cavity frame

from plastic.

The method of the invention is expediently used for producing thick-walled
injection-moulded or injection-compression-moulded parts with wall thicknesses
of more than 5 mm.

A further advantageous use comprises the production of thick-walled injection-
moulded or injection-compression-moulded parts with wall thicknesses of more
than 8 mm.

The method of the invention is suitable for producing moulded parts from
thermoplastic materials, such as polystyrene, polycarbonate, co-polycarbonate,
cyclo-olefin copolymers, polymethylmethacrylic imide, or polyacrylates and
methacrylates. A particularly expedient use concerns the production of PMMA
moulded parts; most particularly preferred are lenses for optical purposes.

The invention is explained in more detail below on the basis of exemplary
embodiments and comparative examples with reference to the accompanying

figures, in which:

Figure 1 shows a cross section through an idealized and simplified
representation of a moulid with a cavity frame;

Figure 2 shows a cross section through a partial view of an embodiment of
a device according to the invention;

Figure 3 shows a diagram of the structural thickness distribution with
respect to a cold frame; and

Figure 4 shows a diagram of the structural thickness distribution with
respect to a hot frame.

List of designations for Figures 1 and 2:



2Cavity 3Mould 3aMovable mould side 3bFixed mould side 4Compression ram 5Mould plate Figure 1

- shows a crq@g%qtigaghmesentation of a basicﬂ';agram of a mould me 3
e 2 inside It

designates a mould for injection moulding. The mould 3 has a hollow spac hollow
space 2 is also referred to as the cavity 2. Also shown is a wall region near the cavity 1 and a body

" remote from the cavity 5 of the mould. The outer region 1 delimits the hollow space 2. Considered

outwards from the hollow space 2, the wall region near the cavity 1 is adjoined by the body remote

from the cavity 5 of the mould 3. The wall region near the cavity 1 and the region remote from the

cavity or body remote from the cavity 5 of the mould together form the complete body of the mould 3.

Figure 2 shows as component parts of the mould the plates 3a and 3b. In the case of this two-plate

mould, the @awty ééﬁ,ﬂlg@%ﬁtgd in the plate 3a, while the plate 3b can be opened for the demoulding

of a flnlsheg |nJect|o iy ded part.

3 Mould

3a  Movable mould side
3b  Fixed mould side

4 Compression ram

5 Mould plate

Figure 1 shows a cross-sectional representation of a basic diagram of a mould.
~ The reference numeral 3 designates a mould for injection moulding. The mould
3 has a hollow space 2 inside it. The hollow space 2 is also referred to as the
cavity 2. Also shown is a wall region near the cavity 1 and a body remote from
the cavity 5 of the mould. The outer region 1 delimits the hollow space 2.
Considered outwards from the hollow space 2, the wall region near the cavity 1
is adjoined by the body remote from the cavity 5 of the mould 3. The wall
region near the cavity 1 and the region remote from the cavity or body remote
from the cavity 5 of the mould together form the complete body of the mould 3.

Figure 2 shows as component parts of the mould the plates 3a and 3b. In the
case of this two-plate mould, the cavity 2 is integrated in the plate 3a, while the
plate 3b can be opened for the demoulding of a finished injection-moulded part.

It can be seen very well that the cavity 2 in the subassembly 3a is surrounded
by a kind of frame 1. In the example shown, this cavity frame 1 is of an
exchangeable configuration and its temperature can be controlled separately.
Figure 2 also shows the compression ram 4, which can be used for compacting
the moulding compound in the cavity.

It goes without saying that the rear wall of the cavity, that is the delimitation of
the cavity formed by the subassembly 3b of the mould, may likewise be formed
such that its temperature can be controlled separately. However, this is not
necessary to achieve the advantageous effects of the invention.

in Figure 3, the structural thickness distribution with respect to the cold frame is



It can be seen very well that the cavity 2 in the subassembly 3a is surrounded by a kind of frame 1. In
the examplygh A 11oipeaMty frame 1 is of an exglgangeable configurp@ﬁépgﬁémg gepfure can be
controlled separately. Figure 2 also shows the compression ram 4, which can be used for compacting
~the moulding compound in the cavity. It goes without saying that the rear wall of the cavity, that is the

- delimitation of the cavity formed by the subassembly 3b of the mould, may likewise be formed such
that its temperature can be controlled separately. However, this is not necessary to achieve the
advantageous effects of the invention. represented. In Figure 4, the structural thickness distribution
with respect to the hot frame is represented. Patent claims 1. Device for producing thick-walled
moulded plastics parts by injection moulding or injection-compression moulding, the resultant moulded

plastics partgyadapearurpriglite Matke sl Anan ik d2ss WRRBRIARR TLGsL B R gHaCed they

are, comprisin ]
P ls"notgframe is represented.



a mould for injection moulding or injection-compression moulding with a cavity, characterized in that

- the mould sgoREes/eosri4egion which is adjaceqy to the cavity and peagy pinadieseowie from the
cavity and adjacent to the wall region that is near the cavity, the body of the mould being formed such

_that it can be controlled to a temperature T1 and the wall region being formed such that it can be
controlled to a temperature T2, which is different from the temperature Ti. 2. Device according to Claim
1, characterized in that the wall region near the cavity of the mould is an exchangeable cavity frame
made of steel. 3. Device according to Claim 1 or 2, characterized in that the wall region near the cavity
of the mould and the body remote from the cavity of the mould have temperature control circuits that
are separate from one another. 4. Device according to one of the preceding claims, characterized in
that the thigkgpgess efdipgswall region makes up between approximately 1/20 and 1/4 of the total
thickness of the mould comprising the body remote from the cavity and the wall region near the cavity.

1. Device for producing thick-walled moulded plastics parts by injection
moulding or injection-compression moulding, the resultant moulded
plastics parts having reduced sink marks, with regard to the number of
them or how pronounced they are,

comprising

a mould for injection moulding or injection-compression moulding with a
cavity,

characterized

in that the mould comprises a wall region which is adjacent to the cavity
and a body which is remote from the cavity and adjacent to the wall region
that is near the cavity,

the body of the mould being formed such that it can be controlled to a
temperature T4 and the wall region being formed such that it can be
controlled to a temperature T, which is different from the temperature T.

2. Device according to Claim 1, characterized in that the wall region near the
cavity of the mould is an exchangeable cavity frame made of steel.

3. Device according to Claim 1 or 2, characterized in that the wall region near
the cavity of the mould and the body remote from the cavity of the mould
have temperature control circuits that are separate from one another.

4.  Device according to one of the preceding claims, characterized in that the
thickness of the wall region makes up between approximately 1/20 and 1/4
of the total thickness of the mould comprising the body remote from the
cavity and the wall region near the cavity.



5. Device according to one of the preceding claims, characterized in that the thickness of the wall

© region is a0 omHPB0&7Ato 1/5 of the total thickgess of the mould ¢aapEH 3G Yagoiahpremote from
the cavity and wall region near the cavity. 6. Device according to one of the preceding Claims 1 to 5 for
_injection moulding. 7. Device according to one of the preceding Claims 1 to 5 for injection-compression
moulding. 8. Device according to Claim 7, having a movable mould core or compression ram,
characterized in that the mould core or compression ram is formed such that it can be controlled
separately to a temperature 13. 9. Method for producing thick-walled moulded plastics parts with
reduced sink marks, with regard to the number of them or how pronounced they are, by injection
moulding or injection-compression moulding, in which a device according to Claims 1 to 8 is provided;

a thermoplastic MRNIBNGSARARYTE brd 1AGIBiakaiRiRgiRg, EiHaREIRAd ¥ Biafmice: the
injected plastics mf_)c_ll'(néns% cggn %ur\}valF ?eg%’c\)lg iso %%E)ré) ir%g?e!y 110 to 1/5 of the total
thickness of the mould comprising the body remote from the cavity and

wall region near the cavity.

6. Device according to one of the preceding Claims 1 to 5 for injection
moulding.

7. Device according to one of the preceding Claims 1 to 5 for injection-
compression moulding.

8. Device according to Claim 7, having a movable mould core or
compression ram, characterized in that the mould core or compression

ram is formed such that it can be confrolled separately to a temperature
Ta.

9. Method for producing thick-walled moulded plastics parts with reduced
sink marks, with regard to the number of them or how pronounced they
are, by injection moulding or injection-compression moulding, in which

a device according to Claims 1 to 8 is provided;

a thermoplastic moulding compound in a flowable state is injected into
the mould of the device;

— the injected plastics moulding compound is allowed to solidify; and
- the solidified plastics moulding compound is demouided:

wherein

— before and/or during the injection operation, the temperature T, of the
wall region near the cavity of the mould is brought to and kept at a value
greater than the Vicat temperature T, of the plastics moulding



the solidified plastics moulding compound is demoulded; wherein before and/or during the injection

~ operation, tpgeroRqranEeod of the wall region negg the cavity of the 'p@’ﬁbﬁﬂiQBﬁB‘%é‘f‘d kept at

a value greater than the Vicat temperature Tv of the plastics moulding compound, the temperature T2
_being greater than the temperature Ti of the mould body; and - during the solidifying of the plastics
moulding compound and before the demoulding, the temperature T2 of the wall region near the cavity
IS brought to a temperature below the Vicat temperature Tv of the plastics moulding compound. 10.
Method according to Claim 9, characterized in that a difference A-r21 between the temperature T2 of
the wall region near the cavity and the temperature T1 of the mould body remote from the cavity of
more than 20C is set. 11. Method according to Claim 9, characterized in that a difference Ani between

the temperature T2 o4 igoiAl 'fIABMBRFARGEM ARG BIRAREPRRLAFR 1aAHbRMRYR Ry remote

from the cavity of m&rg mg c AS set.

and

— during the solidifying of the plastics moulding compound and before the
demoulding, the temperature T, of the wall region near the cavity is
brought to a temperature below the Vicat temperature T, of the plastics
moulding compound.

10. Method according to Claim 9, characterized in that a difference Aty
between the temperature T, of the wall region near the cavity and the

temperature T¢ of the mould body remote from the cavity of more than
20°C is set.

11. Method according to Claim 9, characterized in that a difference Ara
between the temperature T, of the wall region near the cavity and the

temperature T, of the mould body remote from the cavity of more than
40°C is set.

12. Method according to one of Claims 9-11, characterized in that the
temperature of the wall region near the cavity of the mould is controlled by
means of liquid media, by means of resistance heating or inductively.

13. Use of a method according to one of the preceding Claims 9-12 for
producing thick-walled injection-moulded or injection-compression-
moulded paris with wall thicknesses of more than 5 mm.

14. Use according to Claim 13 for producing thick-walled injection-moulded or

injection-compression-moulded parts with wall thicknesses of more than 8
mm.

15. Use according to Claim 13 or 14 for producing PMMA moulded parts.



12. Method according to one of Claims 9-11, characterized in that the temperature of the wall region

~ near the capip Po¢/008764s controlled by meansgg@f liquid media, by p'@ftm%ﬁﬁ}ﬁ §7eating or
inductively. 13. Use of a method according to one of the preceding Claims 9-12 for producing
_thick-walled injection-moulded or injection-compressionmoulded parts with wall thicknesses of more
than 5 mm. 14. Use according to Claim 13 for producing thick-walled injection-moulded or
injection-compression-moulded parts with wall thicknesses of more than 8 mm. 15. Use according to
Claim 13 or 14 for producing PMMA moulded parts. WO 2011/00670420PCT/EP20101057097 16.
Use according to Claim 15 for producing optical lenses.

16. Use according to Claim 15 for producing optical lenses.



