Office de la Proprieté Canadian CA 2431385 C 2009/01/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 431 385
ST e et 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de dépdot PCT/PCT Filing Date: 2001/11/09 (51) Cl.Int./Int.Cl. B29C 45/78 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2002/06/20 | (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2009/01/20 WERFELI, FRIEDRICH, CH
(85) Entrée phase nationale/National Entry: 2003/06/05 (73) Proprietaire/Owner:

NETSTAL-MASCHINEN AG, CH

(86) N° demande PCT/PCT Application No.: CH 2001/000659
(74) Agent: CRAIG WILSON AND COMPANY

(87) N° publication PCT/PCT Publication No.: 2002/04 /887
(30) Priorité/Priority: 2000/12/12 (CH2418/00)

(54) Titre : PROCEDE POUR COMMANDER/REGULER LA DISTRIBUTION D'UNE MATIERE A MOULER PAR
INJECTION ET OUTIL DE MOULAGE PAR INJECTION A PLUSIEURS CAVITES

54) Title: METHOD FOR CONTROLLING/REGULATING THE DISTRIBUTION OF THE INJECTION MOLDING
COMPOUND, AND MULTI-CAVITY INJECTION MOLD

e
TARGET
. ACTUAL| | VALUE
| - VA 6 s q
V
3 - Tir @ MASTER
Zr 7
/ -
1 ¢ :
SPIC
VY Progr.
| = mm———— e m - -1 VY
. | % Trfa Sa
M TARGET VALUE
STAVE Tsin
ACTUAL VALUE Tifn

dip | omwo [
: TARGET | o, [ACTUAL o

e VALUEl ¢ |ACTURL e NOZZLE 1 (REGULATED)

TARGET | o [ACTUAL | o

g |°c CTUAL ;. NOZZLE 2 (GUIDED)

T:AR:G:E:Tl ACTUAL . .

unLUE 1 °C | VALUE | NOZZLE 2/ (GUIDED)

 [TARGET ] o [ACTUAL :
i | % VaLUE | NOZ2LE 2" (GUIDED)

Gl

B

(57) Abrégée/Abstract:

The Invention relates to a method and to a device for controlling/regulating the distribution of the injection molding compound In
multi-cavity Injection molds, especially for molds with a large number of cavities, for example 48 to 128 cavities. The Invention
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(57) Abrege(suite)/Abstract(continued):

distributes the Injection molding compound In groups of, for example, four to twelve nozzles. Each group Is provided with one
classical nozzle, as the master nozzle, that is controlled via the local heating capacity and temperature sensors. All other nozzles or
cavities of the same group are configured as slave nozzles that have no temperature sensors. The virtual actual temperatures are
computed via saved model computations and are displayed on the user panel. The user is thus provided with the desired/actual
temperature values for every nozzle and can thus influence every single nozzle, depending on the result, in the form of temperature
values. The Invention allows reduction of the regulation to a minimum while the quality of the Injection molding compound
distribution Is maintained, thereby reducing production costs and allowing a more economic operation of the control and regulation
systems.
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METHOD FOR CONTROLLING / REGULATING THE DISTRIBUTION OF THE INJECTION
MOLDING COMPOUND, AND MULTI-CAVITY INJECTION MOLD

Abstract:

The invention relates to a method and to a device for controlling/regulating the
distribution of the injection molding compound in multi-cavity injection molds, especially for
molds with a large number of cavities, for example 48 to 128 cavities. The invention
distributes the injection molding compound in groups of, for example, four to twelve nozzles.
Each group is provided with one classical nozzle, as the master nozzle, that is controlied via
the local heating capacity and temperature sensors. All other nozzles or cavities of the same
group are configured as slave nozzles that have no temperature sensors. The virtual actual
temperatures are computed via saved model computations and are displayed on the user
panel. The user is thus provided with the desired/actual temperature values for every nozzle
and can thus influence every single nozzle, depending on the result, in the form of
temperature values. The invention allows reduction of the regulation to a minimum while the
quality of the injection molding compound distribution is maintained, thereby reducing
production costs and allowing a more economic operation of the control and regulation

systems.
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METHOD FOR CONTROLLING / REGULATING THE DISTRIBUTION OF THE INJECTION
MOLDING COMPOUND, AND MULTI-CAVITY INJECTION MOLD

Technical field

The invention relates to a method for controlling / regulating the distribution of the injection
molding compound to the cavities of multi-cavity injection molds via nozzles, as well as a multi-
cavity injection mold with adjustable heating capacities for the individual nozzles as well as a

device for measurement, regulation and display of temperatures.
State of the art

Three groups of parameters are distinguished for injection molding. The first group of
parameters relates to the physical values such as temperature and pressure of the prepared
molten mass as well as the speed of the mass during the injection of the mass in the area of the
injection worm and the injection cylinder, respectively. These parameters can be varied and

optimized within relatively large limits.

The second group of parameters relates to the actual physical design of the injection mold,
above all the individual cavities and their disposition relative to one another. This also includes
the placement of the local heating elements and the local adjustability of the heating capacity.
The customer can modify the structural part only in so far as appropriate adjusting devices are

provided at the mold.

The third group of parameters relates to the above adjusting devices, which allow the exertion of
influence locally on each individual cavity or at least each group of cavities. The production of
pet forms is quasi a classic textbook example for multi-cavity injection molds with a large number
of cavities. For example, a corresponding mold can have 48, 96 or 128 cavities. This means that
for each injection molding cycle 48, 96 or 128 pet forms must be produced simultaneously.

During the set-up for a production, the starting parameters of the above first group of parameters
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have to be fixed at first and tested with one or several test runs. In addition to the control devices
already provided in the machine process, the result of the finished product is tested. A very
important test method in this context is the purely sensory test of the finished product, mainly
performed visually by the set-up person. Ideally, all individual parts from one injection cycle must
be identical and flawless, provided each cavity has optimum and identical conditions, in

particular in view of the joining nozzle as well as the locally effective heating capacity in the area

of each nozzle.

In mold engineering, the cold or the hot runner technology is applied to distribute the injected
material to the cavitiés. If the hot runner technology is used for the distribution of the matenal,
each cavity normally has one nozzle, i.e. one narrowing, through which the matenal enters the
hollow space. For molds that are used for the simultaneous production of several identical parts,
the design of the construction ensures that the conditions for all cavities are as identical as
possible. This relates above all to the flow path, the flow resistance as well as the temperature
distribution. It is a known fact that the flow resistance of a narrowing can be modified by the
temperature of the nozzle. This offers the set-up person a means to influence the material
distribution to the individual cavities. The expression "as identical as possible” suggests already

that this is an objective that can be met only approximately in practice.

Each nozzle can be fitted with a heating to influence the nozzle temperature. Each heating is
actuated via a regulation element. The nozzle temperature can be modified by changing the
manipulated variable. This works in practice, but it has the disadvantage that the nozzie
temperature is also affected by interferences such as start-up, variations of the ambient
conditions etc. Manipulated variables do not offer the user a feeling for what actually takes place
at the nozzle and what the effect of a manipulation will be, respectively. The success of the
manipulation therefore strongly depends on the experience of the set-up person, above all on
whether or not the set-up person has leamed to understand and properly interpret the complex
correlations. Provided the mold and all parameters from the first group of parameters are
optimally set, the set-up person or the user must now take the individual unsatisfactory pet forms
to decide on type and dimension of a corrective action to be taken for the specific cavity and
take said action. This makes high demands and can have extremely disadvantageous
consequences if the user is not sufficiently quatiﬁed. Therefore, for a precise, long-term stable,
reliable control of the nozzle temperature, it has become generally accepted to fit each nozzle

with one temperature sensor and to determine the manipulated variable for the heating by
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means of a temperature regulator. This compensates interferences from changing ambient

conditions. The user can enter the individual nozzle temperature in °C in this process.

EP 0 909 628 presents another solution. In accordance with said proposal, the simultaneous
filling of the cavities is ensured by completely monitoring the pressure in each individual cavity to
meet highest demands. Beginning with the start of the filling, the filling process for each cavity is
detected by monitoring the pressure and compared with a reference sequence for the pressure.
The correction takes place by means of an intervention on the heating capacity of each
individual nozzle heating such that all individual cavities can be adjusted to a uniform level. The
objective of the proposed pressure regulation is to ensure that the pressure increase is fully
identical for all cavities over time or that differences are tending towards zero, respectively. For
molds with many cavities, such as 48, 96, 128 cavities, an individual temperature measurement
and regulation at each nozzle is already a considerable cost factor. For molds set up in a
confined space, fitting each nozzle with a temperature sensor is often not feasible. For these
reasons, an additional pressure regulation, as suggested in accordance with EP 0 909 628, is

economically reasonable and acceptable at all only when there is a smaller number of cavities.

Description of the invention

The problem to be solved by the invention was to find an economic solution for the control /
regulation of the distribution of the injection molding compound to a muiti-cavity injection mold,
without loss of quality of control / regulation for each individual cavity, including for a large

number of cavities.

The method in accordance with the invention is characterized in that the distribution of the
injection material to the individual nozzles takes place by influencing the nozzle heating, with the
heating capacity of at least one master nozzle being regulated and the heating capacity of at
least one further nozzle being determined by computation and adjusted based on the master

nozzle.

The multi-cavity injection mold in accordance with the invention is characterized in that the
heating capacity of at least one nozzle can be established via a temperature sensor and
regulated by means of a comparison of the target / actual values as a master nozzle, and that

the heating capacity of at least one additional nozzle can be set based on the regulated nozzle

via a computer.
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The inventors have found that for functional reasons, a symmetrical design of cavities and
manifolds is ensured in the construction of the molds. Normally it can be taken for granted that
all nozzles are arranged at least in a similar position, presenting similar ambient conditions. The
novel solution exploits this fact in so far as only a single nozzle needs to be fitted with a
complete control including comparison of target / actual values, at least within a discemible
similar environment. Any additional and/or all additional nozzles, respectively, in the similar

environment can be controlled as slave nozzles via corresponding model computations.

Depending on the symmetry, one cavity or a plurality cavities can be fitted with a nozzle
temperature sensor. This nozzle or these nozzles, respectively, will then be regulated. The
control compensates the changing ambient influences, such as when the system is started, and
maintains the temperature at the nozzle at a constant level. If the manipulated variable of the
regulated nozzle is applied to a slave nozzle without temperature sensor, the same temperature
will be achieved, with the ambient influences being compensated by the preset values of the
master nozzle. it must be possible to influence the manipulated variabie of each nozzle in order
to ensure an individual adjustability of each nozzle temperature. Modifications of the
manipulated variables between 0.1 and 0.5 % are required, for example, to cover minor

temperature differences of 1 °C, which creates very unclear conditions for the user.

The novel invention therefore allows a drastic reduction of the quite considerable expenditure for
the control and measurement of actual values without causing a real loss of quality of influencing
the distribution of the injection-molding mass through the nozzles to the cavities. Actually, the
novel solution allows, by means of computer / storage devices, to retain optimum values for
each cavity established once for a certain mold, and to reutilize these values at another time or
to constantly improve these values pursuant to a leaming intelligence. The deviations
established once for a mold can be retained and used as a basis for a subsequent production
right from the beginning to be taken into consideration in start-up programs. Briefly expressed,
the master nozzle optimizes above all the ambient and changing operational conditions. Owing
to this corrective manipulation, the slave nozzles can react to the very special conditions for
each individual nozzle, or they can be programmed for their individual deviations, respectively. In
this process, the comrection for the slave nozzles is reduced to a simple control without the need

for temperature sensors, neither in the area of the nozzle nor in the cavity.
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The invention allows a host of particularly advantageous embodiments.

If there are a large number of cavities, the nozzles are distributed in groups, with the
heating capacity of one representative nozzle in each group of nozzies being regulated as
for a master nozzle and corrections for the other nozzles of the group being determined by
calculation and adjusted. This reduces the expenses for construction work related to
sensor technology. in accordance with the novel solution, it is proposed, for example, that
at best every fourth, sixth, eighth, twelfth, twenty-fourth, forty-eighth etc. nozzle is fitted with a
temperature sensor and that the remaining nozzies are provided without temperature
sensors as guided nozzles. If quality requirements are extremely high, it is also conceivable
to generally fit only one or two nozzles with a regulation feature and guide the other nozzles

as slave nozzles.

The new control / regulation concept is based on the underlying idea that the genuinely
and/or classically controlled nozzies are to provide for a comparison of target / actuai
temperature values and thué also master changing ambient influences. The goal of the
novel solution continues to be, as with the state of the art, to gear the manipulated variable
for each nozzle to differences in temperature between 1 °Cto 5 °Cor 1 °C to 10 °C, and to
seek a modification of the manipulated variable between 0.1 to 0.5 %. A very important fact
in accordance with the novél solution resides in the fact that temperéture values are
displayed at the user surface irrespective of whether the heating capacity of a nozzle is
guided or regulated. The user or the set-up person of injection molds does not know the
optimum temperature for processing from either his own experience or from data provided
by the manufacturer of the raw product. The temperature has the maximum plausibility for
the control of the process. Moreover, the temperature is a fundamental physical value for
which the human being can actually develop a "feeling". Consequently it is most reasonable
to use it for display and correction, as it will quickly become part of the empirical knoWIedg‘e
of the setup person. He or she can recall this information as related to individual cavities.
This facilitates the task of the person in particular if a target and actual temperafure IS
displayed for each guided or regulated nozzle.

In accordance with the device, the individual nozzles are distributed in groups, with one
each group having one regulated master nozzie and the other slave nozzies of the group
being adjustable based on the regulated nozzle via a computer and a corresponding model
calculation. A virtual actual value resulting from the computation can be displayed.
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In accordance with another embodiment, at least one or a plurality of temperature sensors
are assigned to at least one regulated nozzle within a guided zone for the 'purpose of
verifying the underlying model computation. This allows a self-control of the entire control /
regulation system. The temperature sensor verifying the computation is not a direct
component of a control and therefore reduces the advantage of the novel solution with

respect to the issue of constructional effort only imperceptibly.

Brief description of the ihvention

Further details of the invention are now described by means of several examples of

embodiments.

Fig. 1 shows the basic scheme for the combination of the regulated nozzle and guided
nozzle or master nozzie and slave nozzle, respectively.

Fig. 2 shows an example for the connections of a multi-cavity injection mold.

Fig. 3a and 3b show a reduced and /or magnified section of nozzle area as well as the

cavities for pet forms.

Methods and implementation of the invention

Fig. 1 shows the core of the basic arrangement for the novel solution. The upper part of the
picture depicts a master nozzle 1, directly underneath is a slave nozzle 2, under which
additional slave nozzles 2', 2", etc. are indicated. A heater 3, 3' etc. is assigned to each

nozzle and receives regulating signals from a controller 5 and/or a control unit 6,
respectively, via a control line 4, 4'. The target / actual data are transferred from the controller

to the overarching computer 7, which has both a memory and a computing function and is the
storage device for the required model computations. All target values as well as manipulated
‘variables and the steepness S, of the manipulated variable are transferred from the

computer to the slave nozzies.

An appropriate method can be used to combine the advantages of the easy usage of the
temperature-regulated nozzles and the cost and space advantages of the guided nozzles: The
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manipulated variable of the regulated zone(s) is used as the basis for the guided zone(s). At the
user surface, a target temperature is assigned to the guided zones as well as to the regulated
zone(s). The temperature difference between the target value of the regulated nozzles (1) and
that of the guided nozzle (T,) is established. The steepness (S,) in the current working step can
. be determined by model computation or experiments. Steepness (S,) = delta manipulated
variable / delta temperature. The manipulated variable for each guided nozzle (Z;,) is determined

pursuant to the following formula Z;, = Z, + (T, - T¢,) S..

Because the temperature differences will usually be minor, the temperature of the guided nozzle
can be maintained rather accurately such that barely any difference is noted in the behavior as
compared with the fully regulated nozzle. The quality of this model can easily be verified by
mounting a temperature sensor to an additional nozzle, which, however, will remain guided. This
provides for a comparison of the effective actual temperature of a guided nozzle with the target
value. If more than one nozzle is regulated, the guided nozzle will be assigned to the regulatea
nozzle having the most similar features. The actual temperature value can also be determined
by the model computation, T, = T, + (T - Ts), in Order to avoid a difference in the ease of use
for the user as compared to a fully regulated .nozzle. With this procedure, the user will generally
not notice any difference between a mold with regulation of all nozzles as compared to a mold
with regulation of only one or a few nozzles and otherwise guided nozzles. The manufacture of
the mold and the control, however, will be more cost-efficient with less space required. The user
interface is the user panel 8, which - as generally known - can display a host of operational data,
operational states, flow schematics, tables, statistics etc. In accordance with the. novel solution, an
additional display for the target / actual temperature value is assigned to each nozzle. The

corresponding temperature is shown in °C, irrespective of whether the nozzle is regulated or guided.

Fig. 2 shows schematically the arrangement of forty-eight cavities with the corresponding
number of nozzles. All cavities are distributed in groups Gr, to Grg each comprising eight cavities
and nozzles, respectively. Each master nozzle 1 is marked in black. Two nozzles 9 and 9'
respectively, are marked with a cross. These are control nozzles fitted with a temperature sensor
each, but without actual regulation. The nozzle 9, 9' as well as all remaining nozzles (except
those marked in black) are slave nozzles guided by the corresponding master nozzles of the
same group. Out of the total of forty-eight nozzles, six nozzles are fitted with a temperature
sensor and a complete regulation. All others are fitted identically with a heating, but they can

only be set via an adjusting process for the heating capacity. The specific actual value is




WO 02/47887 n 05491385 2005-06_ 05 PCT/CHO1/00659

nevertheless displayed on the panel as a virtual value in °C. The virtual actual temperature value
is determined based on the values for the master nozzle and the model computations and can

be optimized constantly through experiments and experience.

Fig. 3a and 3b show details of the construction for an individual nozzle. An injection moid 20 is
directly placed on top of a manifold block 21. On the mold, a water-cooled spike 22 of a second
half of the mold (not shown) is represented, which "internally delineates a preform 23". The
external mold is provided by the mold cavity 24, which is fitted with a circumferential water-
cooling 25. The nozzle 26 is fitted with a heating jacket 27. In the inside of the nozzle 26 there
is a needle valve 28. The nozzle 26 is supplied via a manifold duct 29. The actual temperature of

the nozzle is determined via a temperature sensor 30.
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Patent Claims

1. Method for controlling / regulating the distribution of an injection molding material in
individual cavities of muiti-cavity injection molds via individual nozzles,
characterized in that |
the distribution of the injection molding material via the individual nozzles takes
place by the influencing of the individual nozzle heating capacity and that the
heating capacity of at least one individual nozzle as a master nozzle is regulated
and the heating capacity of at least one additional nozzie as a slave nozzle is
determined and set by computation, with temperature values for the individual
nozzles being displayable at a user surface and corrections being enterable as
temperature values for each individual nozzle, irrespective of whether the heating
capacity of an individual nozzle is guided or regulated respectively by temperature
values obtained as virtual temperature values or via temperature sensors.

2. Method in accordance with claim 1,

characterized in that
the distribution of the injection molding matenal takes place via all individual nozzles

by influencing the individual nozzle heating capacity irresp'ective of whether the
heating capacity of the nozzle is guided or regulated, with the regulated nozzle being
the master nozzle and the nozzle set based on a computation being the slave hozzle.

3. Method in accordance with claim 2,

characterized in that
the individual nozzles are distributed in groups, with the heating capacity of an

individual nozzle being regulated in one nozzle group as the master nozzle and
setting values of the remaining nozzles of the group as slave nozzles whose heating
capacity is determined and set by computation.

4.  Method in accordance with claim 1,

characterized in that
one or more individual nozzles is / are fitted with a nozzle temperature sensor, with

changing ambient influences being compensated for the master nozzles.
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5.  Method in accordance with any one of claims 1 to 4,
characterized in that
a manipulated variable for each nozzle is geared to accommodate temperature
differences between approx. 1 °C to 10 °C and changes in the manipulated
variable of 0.1 to 0.5%.

6. Method in accordance with any one of claims 1 to 5,
characterized In that

target and the actual temperatures are displayed for each guided or regulated nozzle.

7.  Method in accordance with any one of claims 1 to 6,
characterized in that
a manipulated variable of the regulated zone or zones, respectively, is used as a
basis and that the guided zone or zones, respectively, are corrected on that basis via

a model computation.

8.  Multi-cavity injection mold with means for controlling / regulating the distribution of
injection molding mass in individual cavities with adjustable heating capacities for all
individual nozzles as well as a device for measuring, regulating and displaying
temperatures, with a user surface, with the heating capacity of at least one individual
nozzle being determinable via a temperature sensor and regulatable via a comparison
of target and actual temperature values as a master nozzle, and with the heating
capacity of at least one individual nozzle being adjustable on the basis of the
regulated nozzle via a computer as a guided nozzle,
characterized in that

the user surface has a temperature display, with temperature values being displayable
at the user surface and corrections for all individual nozzles being enterable in the
form of temperature values, irrespective of whether the heating capacity of an

individual nozzle is guided or controlled.

9. Multi-cavity injection mold in accordance with claim 8,
characterized in that
the individual nozzles are distributed in groups, with one group each having one
requlated master nozzle and the remaining nozzles of the group being settable on the

basis of the regulated nozzle via a computer by entering temperature values.
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10.

11.

12.

11

Multi-cavity injection mold in accordance with claim 8 or 9,

characterized in that

the user surface has a temperature display for each individual nozzle, one display for
the target temperature value and one for the actual temperature value, with the actual
temperature values of the guided nozzles being determinable via the computers and

corrections being enterable in the form of temperature values.

Multi-cavity injection mold in accordance with any one of claims 8 to 10,

characterized in that
the cavities are distributed in guided and regulated zones, with a temperature sensor

being assigned to at ieast one guided master nozzle in at least one guided zone In

order to verify the underlying model computation.

Multi-cavity injection mold in accordance with claim 8,

characterized in that

at maximum every fourth, sixth, eighth, twelfth, MenW—fou&h, forty-eighth, etc.
individual nozzle is fitted with a temperature sensor and that the remaining individual
nozzles are provided without temperature sensors as guided slave nozzles, whereby

only one or several individual nozzles are regulated per mold with the remaining

nozzles being controlled as slave nozzles.
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