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1. The product

In many medical areas stoppers made of elastomer materials are used for closing or sealing
purposes.

Since there is hardly another area of application in which elastomeric products must pass
such strict tests as the medical areas of application in question here, appropriate account
must be taken of the relevant requirements which start with the material and go up to the
manufacturing plant. The elastomers used must be compatible with the material of the vessel
to be sealed and with the fluid to be sealed in the vessel and may not interact with these in
any way. In the selection of the manufacturing plant, consideration must be given to the fact
that the plant will be required to produce large numbers of mass-produced articles and that the
finished products must satisfy tight tolerances.

As a result of hygienic and processing reasons, the stoppers are usually one-way articles
which - after having been used once - cannot be recycled directly or indirectly for their original
commercial use.

Fig. 1: Infusion stoppers

1.1 Applications and requirements

The area of application for the elastomeric stoppers is the closing of vessels for
pharmaceutical preparations and conserved blood. In the medical sector these stoppers are
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termed piercing stoppers. In the rubber industry one speaks in general of pharmaceutical
stoppers.

In the case of the stoppers for closing vessels, the infusion set or, as the case may be,
injection needle is pushed through the rubber into the inside of the vessel in question following
the removal of the metallic protective cap. A hemispherical impression makes it easier for the
needle or other device to be inserted in the middle of the stopper and in addition reduces the
force required for piercing.
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Fig. 2: Infusion stoppers in use

The articles, which are generally symmetrical around an axis of rotation, are all constructed in
a similar manner. The articles are characterized by their maximum diameter at the head. The
common sizes lie between 13 and 30 mm. In this region the stopper is later covered with a
cap. The cap with stopper is pressed on to the vessel, which has been previously filled, in
such a way that a seal is ensured.

To prevent infections, an absolutely clean surface must be ensured, Even the smallest
fissures, burrs or fluff can signify a health hazard. The surface areas, which come into contact
with the substance in the vessel, may not have any furrows. Visible mould separation marks
are not permissible in this part of the article. In order to avoid disruptions in the course of
automatic further processing steps (on filling equipment), tight tolerances must be maintained.
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Fig. 3: Various pharmaceutical stoppers

1.2 Materials

Elastomeric stoppers must be gastight, elastic and temperature-resistant. Good resistance to
the usual sterilizing agents is a further precondition. The most important requirement in
respect of the material are the purity and uniformity of the elastomer. Since each individual
component of an elastomer must be completely inert vis-a-vis the pharmaceutical to be
sealed, the number of components to be employed should fundamentally be reduced to a
minimum. The use of additional processing aids increases the proportion of products capable
of being eliminated in the course of vulcanization and such aids should only be used where
necessary and then only in small quantities.

In addition to its low permeability to gases and vapours, butyl rubber is characterized by its
good resistance to ageing. Both chlorinated as well as brominated butyl (also termed
chlorbutyl / brombutyl) are used. In addition to the basic polymer, various auxiliaries and fillers
are used. An essential precondition for all the substances used is that they in no way cause a
reaction between stopper and the content of the bottle. The important components are:

basic polymer,
fillers,
vulcanization system, and

auxiliaries (dyestuffs, plasticizers, etc.)
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1.3 Demand

Since pharmaceutical stoppers - like most of the auxiliaries used in the medical sector -
belong to the group of so-called one-way or expendable articles, there is a continual demand
for them. An idea of the size of this demand is given by the fact that - when a patient is in
hospital for a normal period, e.g. for an appendix operation followed by a stay in hospital after
this - a total of some 20 - 40 stoppers will be used for him. In the case of intensive medical
treatment, between 15 and 30 stoppers will be used per patient and day.

1.4 Manufacture

The method of manufacture has an influence on the quality and on the cost of an article. In
addition to the cost-effectiveness of a particular manufacturing route, special product
requirements such as freedom from burring and precise maintenance of dimensional
tolerances must be taken into account when selecting the production route for pharmaceutical
stoppers.

The process of manufacturing stoppers can be divided up into:
1. Manufacturing the preliminary product for the vulcanization process
Weighing out of the raw materials
Mixing of these in an internal mixer and/or on a rolling mill
Cutting into strips
2. Production of the moulded part
Vulcanizing of the article (by injection moulding or pressing)
Punching out of the article (not necessary in the case of the ITM process)
3. Post-processing steps
Washing
Packing

A key function in the complete manufacturing process is played by the process selected for
the vulcanization of the article. Processes currently employed are:

Pressing in the pad
Characteristics: large output per hour; article quality reduced

Injection moulding by the ITM process
Characteristics: high article quality; however very expensive since the mould is expensive
and the number of cavities limited

Injection moulding with the use of a pad
Characteristics: good combination of highest quality and high output particularly with 2-layer
mould
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In the following sections injection moulding with the use of a pad will be described in more
detail for the production of pharmaceutical stoppers.

2. Project planning

The objective of the project planning phase is to select the machines and moulds required to
produce the articles to be manufactured. In the case of the machine configuration, the special
process requirements for the processing of butyl rubber and the output figures planned must
be taken into account.

2.1 Preparation of a production investigation

For the preparation of a production investigation, details on article contours, figures on the
likely demand as well as details on the material and other special requirements to be met by
the article are necessary.

At the beginning the design of the mould in respect of the cavities is prepared. This gives the
information on the number of cavities which can be accommodated by a particular pad and
mould. The arrangement of the cavities and the pad size are determined by:

Flow behaviour (viscosity) of the mixture:
- determines the injection pressure the injection unit must be able to provide
- has an effect on the friction of the mixture during the filling of the pads and cavities

Determination of the pad size

_ FIN
A= p%bir]

Projected area of pad: A
Mould internal pressure: p (depends on material)
Locking pressure: F (given for the injection moulding machine selected)

The mould internal pressure required for the mixture (necessary locking pressure of the
mould) gives the maximum pad lift area. From this the pad size can be calculated.

The minimum distance between the cavities depends on:

- punching process

- article contour and size

- whether cavity inserts are to be used in the injection mould or not

Once the distance between the articles has been determined, the size and number of the
pads is laid down in accordance with the clamping force of the machine. Fundamentally the
diameter of the pad should not be too great in order to ensure that variations in pad thickness
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are small and that the flow paths are short. Good results have been obtained with pad
diameters of up to 300 mm.
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Pad diameter: 250,00 mm No. Of carities: 54

Article diameter: 27,36 mm Caritycenterdistance: 29,86 mm
(Incl. Shrinlcage 2.1%)

Fig. 4: Arrangement of the cavities in the pad of an injection mould
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Article: 28 mm stopper (article diameter 26,8 mm)
Clamping force of injection mouldingmachine:4500 kN

Scale 1:6
Size of heading platens: 670 x 780 mm  No. of articles per pad: 54
Pad diameter: 250 mm No. of pads per deds: 4
Article diameter: 27,36 mm No. of dedes: 2

incl. Shrinl "
(incl. Shrinlcage) Total no. of carities: 432

Fig. 5: Arrangement of the pads in the injection mould

2.1.1 Sizing of a production plant

The size and number of the machines required for each production step are decided on on the
basis of the number of stoppers to be produced. In the following section it is assumed that all
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the machines for each of the different production steps are in operation for the same total time
each year.

To select the injection moulding machines, the number of stoppers, which can be produced on
one injection moulding machine a year, must be calculated.

Calculation of the annual output per machine:

_ z* tp[h] *a = 3600
tzyw [S]

n

n = output of articles per year and machine

trrod = NUMber of machine hours available per year (h)
tzya = duration of each cycle (s)

z = number of cavities in the injection mould

a = machine availability factor

The duration of the cycle is determined by adding together the curing, demoulding, injection
and machine movement times.

The number of injection moulding machines needed can be determined by adding together
the number of production hours required for the fabrication of the required number of
stoppers.

The number of punching and washing machines required is determined from the number of
injection moulding machines as calculated and the cycle time for the vulcanization of the
articles. The punching process selected enables the pads to be punched out in one
operation.

M. = M, « a = 3600
St nf [h] * tzy[s]

Mst = number of punching machines required

Mspr = number of injection moulding machines required to fulfil the demand

tzya = duration of one cycle (s) of the injection moulding machines

nf = number of pads which can be punched out per hour by one punching machine
a = number of pads to be punched per injection moulding machine cycle

The size and number of the washing machines required can be determined by calculating the
bulk volume of the articles injection moulded during the period of one washing process.

In the washing process the articles are washed, siliconized and steam-dried in a number of
steps. As a rule the sterilization of the articles which is necessary is carried out by the final
user before the vessel in question is sealed with the stopper.
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_ Mgz +t,[h] * 3600
Mna= 7 [Itr] * tzy[S] * Nie

Mwa = number of washing machines required

Vwa = volume of articles (bulk volume) with which the washing machine can be filled (ltr)
Ny = number of articles per litre (bulk volume)

Mspr = number of injection moulding machines required to fulfil the demand

tzya = duration of each cycle (s) of the injection moulding machine

z = number of cavities in the injection mould

tw = duration of the washing process (h)

2.1.2 Works layout

All the machine required for the fabrication of the stoppers should be arranged in a manner
that takes into account the sequence of fabrication. The objective here is to achieve an
unhindered flow of materials/articles with paths which are as short as possible. When
designing the factory, consideration should be given to the cleanliness classes required for the
individual rooms. In addition to the production rooms, rooms or areas must be provided for
the power supply and other utilities equipment, laboratory, warehouse and maintenance
equipment.

A possible works layout is given in the following figure.
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Fig. 6: Production layout for the fabrication of pharmaceutical stoppers
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Layout of the injection moulding and punching machines in detail. An angled arrangement
permits the injection moulding machines to be placed in a space-saving manner with good
accessibility for changing of the moulds. It is necessary that each injection moulding
machine has a table for the inspection of the articles and a container in which the pads can
be placed after demoulding to cool down.
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Fig. 7: Layout of the injection moulding and punching production areas
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2.2 Machine and mould specification

The machines and moulds must be matched to the material to be processed.
Processing temperatures of around 200 °C and the use of a material, the moulded
articles produced from which tend to have air inclusions unless the proper precautions
are taken, must be taken into account here.

2.2.1 Injection moulding machine

Injection moulding machines of the type that are used for all common elastomers are
suitable for the production of elastomeric infusion, injection and plunger stoppers.

When selecting a machine, one must differentiate between whether the pads should
be removed manually or automatically. For manual removal, a vertical injection
moulding machine is of advantage by reason of the fact that the machine can be
accessed on three sides. With automated pad removal with the aid of a portal-type
handling device, a horizontal machine is well suited. The size of the machine and
thereby the clamping force are determined in the main by the number of stoppers to
be manufactured on it. Machines with a clamping force of from 2500 to 6000 KN
make it possible to have an economically high number of cavities in the mould in
combination with the production of articles with a high level of dimensional stability. A
powerful injection unit should be selected which is capable of plasticizing the volume
of material to be injected within the relatively short cure times. In order to be able to
inject the material into a mould that is relatively "thin", i.e. one that produces relatively
thin pads, the injection unit should be capable of generating a pressure in excess of
2000 bar.

The high process stability and control required for the fabrication of pharmaceutical
stoppers is ensured with a control which monitors all process and machine parameters
and stores these to provide batch documentation.

Injection unit
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hydraulic unit
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Clamping unit
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Fig. 8: Vertical injection moulding machine for the production of elastomeric stoppers

2.2.2 Injection moulds

If the demand for a particular article contour is large enough, two-level moulds should
be strived for in order to achieve economic production. With such moulds the material
for the pads is injected through a cold runner in the centre of the mould. The use of
cold runner technology reduces the proportion of waste in the form of sprue. At the
same time this technology shortens cure times.

To enable butyl rubber to be converted successfully, particular attention must be paid
when designing the mould to the ability to maintain a homogeneous temperature
throughout the mould and to the ability to achieve optimum evacuation. When being
converted, butyl rubber tends to form air inclusions in the cavities. This tendency can
only be eliminated by having adequately dimensioned and multiple vacuum
connections to each pad in the mould.

Even small differences in temperature of a few degrees Celsius have a great influence
on the cure time of articles as well as on the hardness of the finished product. A
change in temperature of 10 °C can change the cure time by up to 50 %. Uniformly
high article quality can be achieved through the use of several independent heating
zones, each with its own temperature monitoring and regulating system.

Upper article
s deck
® ©
R Cold runner
nozzle
© © Cold runner
block
q
® @
o wwwwlewww wwwwlwwww | Botomarticle
o deck

Fig. 9: Layout of a 2-level mould with central cold runner for the injecting of stoppers in a pad
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2.2.2 Punching tools

Punching tools are used for separating the pharmaceutical stoppers produced in the
pad. Here the punching tool is loaded with the complete pad and the individual
stoppers are punched out of it. The stoppers that have been punched out fall down
into a container for further treatment. The punched-out pad is removed and counts as
waste. Pads with a diameter of up to 300 mm can be punched out in one operation.
For pads of greater diameter it is recommended that punching is carried out in a
number of steps.

Eccentric presses are well suited for the punching process. It is important that the
punching machine has an adequate level of plane-parallelism and is equipped with a
vacuum device. A "soap solution" is used as punching aid.

When constructing the punching tools, care must be taken that they match exactly to
the injection mould. An offset in the region of just 1/10 mm between the position of a
stopper on the pad and the position of its punch on the punching tool can lead to
difficulties in loading the pads.

Punching tools for the punching of elastomeric articles must be constructed in
accordance with the highest level of precision. In order to ensure that no burr is
formed, the cutting gap between punch and bottom die may be no more than a few
mm.

The designing of the punching tool includes also the defining of the diameters of the
holes in the bottom die for the positioning of the pads. Here two factors must be taken
into account. On the one hand the diameter of the hole in the bottom die must be
larger than / equal to the maximum diameter of the article while, on the other hand,
the prescribed maximum dimension of the article may not be exceeded.

Frame —
Pressure platen — &

Holding platen

Punch ———

Guide platen — |
Pad with articles —— |
Bottom die ——

Frame —

Fig. 10: Punching tool layout for the punching of elastomeric pads.
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2.2.3 Systems for subsequent fabrication steps

After punching, the following fabrication steps have to be carried out before the
stoppers are ready to be dispatched:

Pre-washing
Main washing
Counting and packing

After the punching the stoppers are washed. Before the main washing process, the
stoppers can be subjected to a preliminary washing process to remove "crude"
contamination such as fluff and punching residues with the aid of a separator. In this
process the articles are put into a drum of lattice bars which has a spraying device and
is rotated.

In the main washing process the stoppers are cleaned, rinsed, siliconized and steam-
dried in a number of steps. The washing process must be washed to the article
geometry and the elastomer. The objective of the washing process is to remove all
forms of physical, chemical and biological contamination so that contamination of the
pharmaceutical substance to be sealed can be excluded.

The washing process is carried out with softened and filtered water at an elevated
temperature. The surface tension of the water is reduced by the addition of
detergents (acid tensides), making it easier thereby for particulate impurities to go into
solution. The rinsing which follows serves to remove the contamination which has
been dissolved and also the detergent. At rinsing it is important that no deposits of
dirt (contamination) can build up in the washing machine since these would prevent
reproducible washing results being achieved.

The purpose of the siliconizing step that follows is to make the surface of the stoppers
less susceptible to being abraded and to ensure they are not sticky in any way. This
improves the behaviour of the stoppers when they are being conveyed in an automatic
feeding device and also reduces the coefficient of friction of the stoppers, a point
which is important when they are being pressed on to the vessel to be sealed.

Prior to their being packed, the stoppers are dried in the washing machine while still
warm in a flow of warm, filtered air. Rotating of the container of the washing machine
causes residues of water to be removed from hollow spaces in the articles.

After having been washed and treated in the manner described above, the stoppers
are removed from the washing machine under clean-room conditions and packed into
bags with the aid of a counting weighing machine. To prevent the articles being
contaminated with particles in the ambient air, the packing of the stoppers should be
carried out beneath a hood emitting a laminar flow of air. The purpose of the latter is
to generate overpressure without causing turbulence.
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3. Development and optimization

If the mixture is changed or if articles with different contours have to be produced, it is
often not possible to determine the processability, and thus the final design of the
mould without first carrying out practical tests. For the carrying out of these tests and
in order to get sample articles for checking by the customer so that the release for
series production can be given, it is recommended that a test mould is used.

3.1 Construction of a test mould

The objective with test moulds is to be able to produce sample articles at low cost and
thereby to be able to determine if possible all the parameters that will arise in
subsequent series production.

If, as shown in the following figure, a mould with pad and cavity insert platens is
available, tests can be carried out which will be identical with series production by just
changing one insert platen.

Fig. 11: Pad insert platen of a test mould.

If the objective is not the determining of parameters for series production but merely
the production of sample articles with a new contour and/or a new mixture, the very
simplest test moulds fabricated without cavity inserts can be employed. The testing of
the processability of a mixture can be carried out with test moulds as used for
laboratory devices for the determination of viscosity and flow paths.

If a test mould is built, attention should be paid to the fact that the flow relationships in
it (pad size and thickness) are comparable with those of the series production mould
to be constructed later.

V0198 page 17/30

KLOCKNER DESMA Elastomertechnik GmbH, An der Bara, 78567 Fridingen / Germany
phone: 07463/834-0, fax: 07463/834-159
sales@desma-fridingen.de, www.desma-fridingen.de



Technical Information

Pharmaceutical stoppers

Fig. 12: Pads of sample articles produced with a test mould

Figure 12 shows sample articles produced in a pad. The ability of the sample articles
to be produced can be determined on the basis of the sample articles.

If it is too expensive to procure a proper punching tool in the sampling phase, the
articles can be punched out of the pad manually with the aid of a hollow punch.

3.2 Adjusting the mixture and determining the shrinkage

If the mixture for the series production has not yet been finally laid down or if the
mixture has to be changed, small quantities of the mixture should first be produced
with variations of the components. By reason of the large amount of time and thereby
the high expenditure required to obtain the release for a new mixture, a mixture, which
has once been laid down and released, should only be changed when this is
absolutely necessary. Several months can elapse before a new mixture for series
production is approved and released as a result of the necessity for long-term tests to
be carried out with samples produced from the new mixture and the substance with
which the stoppers will subsequently come into contact with.

Fig. 13: Injection tests carried out with small quantities of raw materials and mixture
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In order to keep the proportion of waste arising in the production of stoppers as low as
possible, efforts are always made to keep the pad thickness to a minimum at
maximum pad diameter. However, as pad thickness is reduced and pad diameter
increased, the tendency for scorching to take place during the injection process
increases and provides a limiting factor. To reduce scorching, the mixture should be
of low viscosity and should not tend to scorching.

The final dimensions as required by the final user are usually entered on article
drawings. To achieve the prescribed article dimensions, the mould must be
manufactured larger than these by an amount equal to the shrinkage factor. The
shrinkage arises in the main through the change in temperature (D u) which takes
place as the demoulded article cools down. In addition to the magnitude of this
temperature difference (D u), the size of the shrinkage factor also depends on the
chemical constituents of the mixture.

When brombutyl rubber is being converted, the shrinkage factor lies between 1.5 and
2.5 %. To determine the shrinkage precisely as is necessary for the fabrication of
injection moulds and punching tools for series production, sample articles produced by
injection moulding must be measured. If it is a matter of rotationally symmetrical
articles and if the pad is also round, orientation of the shrinkage in the X /Y directions
does not have to be considered. To achieve a reliable result, elastomeric articles
should be measured optically without a testing force being applied (i.e. without
contact).

3.3 Process parameters and auxiliaries in injection moulding

A change to the components of a mixture or to the method of manufacturing the
mixture means that the process parameters change and that these must be
determined again anew.

To keep the time required before production can be commenced as short as possible,
the parameters relevant for fabrication should be determined as far as possible on the
test mould. The results obtained from preliminary results with the test mould can be
reliably applied to the series production mould when the parameters in respect of
article contour, pad size and pad thickness of the series production mould and of the
test mould are identical.

Important parameters are the maximum processing temperatures and injection
speeds which should be selected so that a short vulcanization time can be achieved
without the mixture scorching. The internal mould pressure necessary must be
determined in order to be able to determine from that the clamping force of the
injection moulding machine required to combat the mould-opening force produced by
the internal mould pressure and the given lift area of the mould.
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Fig. 14: Determination of a suitable parting compound for the process

Various auxiliaries such as mould parting compounds and talcum to prevent the
rubber strips sticking together prior to vulcanization are required for the fabrication of
elastomeric stoppers The auxiliaries required for series production should be
determined and used during the test phase. As a result of their chemical composition,
not all parting compounds are licensed for medical use.

In order to make sure that there will be no interaction between the auxiliaries used for
the fabrication of the stoppers and the substances with which they will come into
contact, the auxiliaries used must be approved before they are put into use for series
production.

Deposits are formed on the pad and cavity surfaces of a mould when it is used
whereby the extent to which this occurs depends on the properties of the mixture and
the processing parameters. In order to ensure that the quality of the finished product
remains uniform, the moulds must be cleaned at preset intervals. The length of time
which can be permitted between one cleaning process and the next one can be
determined from tests with the test mould.

3.4 Releasing of sample parts and drawings

Once the tests have been concluded and sample articles prepared, checks must be
carried out by manufacturer and the final customers so that the release can be given
for series production. The final release following the successful completion of all
checks and including the registration of the mixture forms the basis for the fabrication
of the series production injection moulds and punching tools.
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4. Initial start-up of the production system

Since the machines and plant to be procured represent capital goods, loss-of-
production costs, which arise as the result of full plant utilization not being achieved
within the planned commissioning phase, can be very expensive. In order to keep the
start-up phases for new plant as short as possible, it can be very helpful to have the
initial start-up and preliminary acceptance carried out under production-like conditions
at the supplier's. Should it be found in the course of the initial start-up that changes or
optimization processes are necessary, then these can be carried out before the
individual units are linked together into one system.

4.1 Initial start-up of the injection moulding process

For the initial start-up, the injection moulding machine must be equipped with all the
necessary accessories such as cold runner temperature regulating units, cure time
optimization system etc. An essential precondition for the checking of the machine
functions and the optimization of the process parameters is that the initial start-up is
carried out with the series production mould fitted and with the proper mixture.

Fig. 15: Initial start-up of the injection moulding machine with mould fitted

Before sample articles are produced, machining residues from the mould fabrication
process must be removed from the mould surface.
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To enable the different parts of the mould to be heated up homogeneously, modern
injection moulding machines have a number of heating zones for each heating platen
and - as an option - a self-optimization system for the temperature controllers. The
self-optimization system has to be matched to the mould in the course of the initial
start-up.

When all the measures for a stable production cycle have been taken, production
should be carried out for a number of cycles without interruption.

4.2 Checking of the punching tools

In addition to dimensional accuracy, the burr-free punched edge of all articles and the
plane-parallelism of the tool count as the main criteria for the evaluating of a punching
tool. Only when the depth to which the punch has to be inserted into the bottom die
can be reduced to a minimum will the tool wear be low and the service life up to the
time the punch must be sharpened again or replaced equivalently long.

The plane-parallelism of the punching tools is checked by punching a sheet of paper.
The punching tool is loaded with the sheet of paper and the depth to which the punch
goes into the bottom die is reduced to a minimum of just some 1/100s of a millimeter.
The required result is that the area of paper to be punched out is punched out around
its complete perimeter without any burr.

Fig. 16: Pad after injection, punched-out articles and pad after punching out.
The punched edge of the articles and their dimensional accuracy can only be reliably

checked when they have been punched out of pads which were manufactured in
accordance with the process parameters for series production and from the original
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mixture. If pads with the incorrect shrinkage are used, deformation can take place
when they are loaded on to the punching tool and this can falsify the punching result.

In order to obtain a punched edge which is free of burr and optimum in terms of its
contour, proper consideration must be given to the pad thickness when designing the
punching tools.

Fig. 17: Punching tool loaded with pad and punched-out articles with residue of pad removed
When punching tools are used continuously, a complete pad together with the articles

punched out of it must be checked for dimensional accuracy and freedom from burr at
regular intervals.

4.3 Checking of articles

Elastomeric pharmaceutical stoppers must fulfil preset requirements as laid down in
diverse standards and guide-lines. The test requirements are subdivided into ones of
a physical, chemical and biological nature.

The particular test regulations to be observed and the permissible limit values are laid
down by mutual agreement between the stopper manufacturer and the customer. The
current production process must be checked at prescribed intervals and records of the
checks kept. Tests for the initial release - as represented by the biological
requirements - usually only have to be carried out when a new mixture is developed or
when an existing mixture is changed.

The physical requirements to be satisfied include:

Maintenance of the prescribed dimensions, contour and hardness in accordance
with the relevant standards and drawings

Ability of the elastomeric product to be sterilized
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Ability of the product to be pierced and to close up again after piercing in order to
give a seal again

Low tendency to fragmentation
Resistance to ageing

A multitude of tests have to be carried out to satisfy the chemical and biological
requirements. These are listed and described in DIN 58 367.

The following test methods are used to identify and determine the elastomer quality:

Determination of the density - DIN 53568
Determination of the ash content - DIN 53568

UV spectral photometry. Here the UV absorption of a test liquid prepared in
accordance with DIN 58367 from the finished products is determined. The form of
the absorption curve is determined by the proportion of water-soluble additives or
conversion products in the mixture. The UV absorption counts as a very important
characteristic for the quality of an elastomer.

Additional tests can be:

Chromatography

IR spectral photometry for the determination of the basic polymers
Swelling behaviour

To permit a general evaluation of quality to be made, all steps starting from the
analysis of the raw materials used and proceeding via all the individual production
processes as well as the tests on all intermediate products up to and including those
on the final product must be documented without any gaps and handed over to the
customer together with the final product.

4.4 Process optimization taking as example the injection moulding process

After the plant has been installed successfully, the final values for the process
parameters are determined starting from the values obtained in the preliminary tests.
For optimization, it is essential that the systems work in a continuous process without
disruptions.

The objective of process optimization is that of realizing a high output of articles (short
cure time) in combination with the certainty that the required quality will be maintained.
Here the mutual interactions between the different parameters must be taken into
account.

Example of the mutual interactions between parameters:

If the plasticizing temperature is increased, the cure time is reduced but at the same
time the tendency to scorch increases. The mould temperature can be reduced to
prevent scorching but this will then extend the cure time.

Once the optimum production parameters for the production of an article have been
determined, they should be stored in the machine control and safeguarded against
being changed in an unintended manner by the operator. The most important items of
information for the operating of the process and the evaluating of the article quality
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should be put together in a sequence plan and put up at the work place or on the
machine.

5. Rationalization by automation

The motivating reason for automation is to reduce production costs without thereby
affecting quality. Confronting this advantage is the fact that automation means higher
investment costs and often reductions in flexibility.

Automation should always be considered when similar products have to be produced
in large batches.

5.1 Injection moulding process

In the converting of rubber for the fabrication of elastomeric stoppers, rubber injection
moulding machines offer the best preconditions for automation. The process of
injection moulding can be arranged mechanically and in control terms in such a way
that the operator does not have to intervene in the production process either
continuously or in accordance with a fixed rhythm.

Potential for rationalization lies in the removal of the pads and in the application of the
parting compound. The pads can be removed from the injection mould with a
handling device mounted on the injection moulding machine. Here the pad is caught
at a number of points and demoulded with a peeling movement. The parting
compound is applied from spray nozzles mounted on the handling device.

Article demoulding
handling device

- Y-

/I
F

Conveyor belt

Fig. 18: Layout of an injection moulding machine with automatic pad removal device
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5.2 Linking of a production cell for the automatic production of stoppers

Fabrication without operating personnel is the desired end result of a fully automated
process. Starting from the injection moulding, the uninterrupted chaining together of
all the subsequent production steps has to be provided.

To achieve maximum quality for the end customer, it is to be recommended with an
automated production line that the articles are checked not after the punching process
but instead just before they are packed. This enables quality shortcomings, which
arise during the punching and washing processes, to be eliminated.

5.2.1 Automating of article cooling

An automatic fabrication sequence requires that the pads removed from the injection
moulding machine are put down in the correct way for the subsequent steps. To
permit the pads to cool down, they are put down on to a conveyor belt specially
contoured for the pads directly after they have been removed from the injection
moulding machine with the demoulding handling device. The cooling path must be
designed in such a way in terms of the cooling that takes place and the dwell time, i.e.
between the demoulding process and the punching process, that in the course of it the
shrinkage on the basis of which the punching tool has been designed takes place.

As in a manual production line, the pads can also be cooled down by means of
immersion in a water bath or by subjection to a flow of air.

5.2.2 Automating of the punching process

The steps to be automated with the punching process are the following:

Application of emulsion to make the pads smoother and to facilitate the loading of
them on to the punching tool

Loading of the bottom die with pads
Removal of the punched-out pads

Placed in the correct manner, the pads to be punched are conveyed on a conveyor
belt to the punching machine. Here a handling device picks up each pad and moves
with it over a spraying nozzle so that the bottom of the pad is sprayed with emulsion

To make it easily accessible for loading, the punching machine should be provided
with a sliding table. This enables the handling device to move over the cutting die and
permits the articles to be pressed vertically into the holes in the bottom die. A
centering device is necessary to provide exact positioning between the handling
device and the die when loading the pads.

After the actual punching process, the punched-out articles fall down on to a transport
belt and are brought to the washing process. The pad residue remains on the bottom
die and must be removed before the next pad is loaded. It can be removed with the
handling device which carries out the loading or with a separate handling device
specially for this purpose. The use of a separate handling device permits the cycle
time for punching to be shortened.
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5.2.3 Automating of the washing process

The cycle time for vulcanization and punching out is relatively short relative to that for
the washing process. As a consequence the punched-out articles must be collected in
a buffer between the start of one washing process and the start of the next one. Since
the actual washing process runs automatically, automation of the process is restricted
to the steps of filling and emptying the washing machine. For the filling process, the
articles which have been collected in the buffer are loaded into the washing machine
with a conveyor belt. After the washing process, the complete load of articles in the
washing machine is tipped into a container.

5.2.4 Automating of the article inspection and packing processes

Maximum reliability in terms of article quality is achieved when each individual article
is checked for possible deficiencies prior to being packed. Optical inspection systems
as are already used for similar mass-produced elastomeric articles are suitable for
checking in respect of colour faults, pores, contour faults etc.

The articles in the container after washing must first be singled with the aid of a
vibrating conveyor before they pass the inspection station. In the inspection station,
the articles are evaluated by means of optical comparisons carried out on all sides
relative to the calibrating samples as being good or scrap. The scrap articles are
separated out to ensure that they do not get to the packing station.

The articles that have passed the check are counted and the preset number of them
are packed into each bag. The packed articles are then transported out of the clean-
room area with a conveyor belt and are prepared for dispatching.

In order to be able to compensate for variations in the fabrication processes and for
unforeseeable disruptions in an automated process, buffers are required between the
individual production steps. The arrangement and size of the buffers must be
matched to the articles to be manufactured.

With automation it can also be appropriate for the washing machine to be located so
that it is downstream of a number of punching and injection moulding machines and
operates in combination with these. The precise layout and chaining together of the
individual machines and systems can only be decided on when the articles to be
produced and the requirements these have to meet are known.
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Fig. 19: Layout of an automated production cell
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