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Optical quality characteristics under control -
Software-assisted optimisation of the process
window for attributive quality characteristics

Optically perfect and dimensionally accurate components can only be achieved with an optimally adjusted injection moul-
ding process. Especially in the case of optical characteristics it is essential to find a process window which is as broad as
possible, so that drifts in the process do not result in rejects. Knowledge of the process limits also provides confidence that
perfect quality can be delivered, with enough reserves for further optimisation.

Simple changes to the adjustment according to the ,trial and
error® principle are still widespread. Even for experienced
process technologists it is difficult to estimate in advance just
how many attempts will be required and even whether a suitable
process setting can be found. In contrast, with systematic
optimisation of process parameters a few selective trials are
performed in sequence and the quality of the components
which are produced with these settings are examined.

The basis for this can be a statistical test plan [1], or the machine
setter can use historical data for the relevant component as
a basis. With the Stasa QC software developed by Stasa
Steinbeis Angewandte Systemanalyse GmbH, evaluation of
this data and the corresponding creation of process models for
quality characteristics (e.g. moulding dimensions and weight,
as well as optical characteristics such as burrs or shrink marks)
is carried out automatically, so that effort is saved for the
evaluation of the large quantities of data.

Optimisation of the permissible process window

At its facility in Frickenhausen, Greiner Bio-One produces
polystyrene roller bottles using the injection blow moulding
method (Fig. 1). With this method, a preform is first produced
using a conventional injection moulding method and in the
second step this is pressed into the final bottle shape on the
same machine by means of blow moulding [2].

These roller bottles are used in the biomedical sector for
the cultivation of cells as bulk cultures, e.g. for production
of viral vaccines and comply with the quality standards of
the US Pharmacopoeia Convention (USP) [3]. The complete
end product is certified as USP Class VI. Accordingly, the
roller bottles must meet extremely stringent requirements,
especially for optical surface quality, because even the smallest
irregularities in the transparent plastic wall of the bottle can lead
to misinterpretations in the biomedical analysis when the cell
cultures are examined microscopically through the wall of the
bottle.

Figure 1: Polystyrene roller bottles (cat. no. 680 0XX) have to be of high optical
quality, because in the microscopic examination of the cultivated cell cultures,
even the smallest irregularities in the transparent plastic wall may result in incor-
rect analyses.

To achieve further improvement in the quality of these roller
bottles, Greiner Bio-One wished to achieve a broader process
window through changes to the process settings. The main
focus was on avoiding possible optical orientation errors in
the plastic, which are visible under the microscope (Fig. 2).
Initially, experienced process engineers attempted to optimise
the process settings manually using conventional methods.
Various quality characteristics are used to assess this procedure
(Table 1).
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Figure 2: The microscope image of the surface of the roller bottle shows an
optically perfect surface on the left and orientation errors in the plastic surface
on the right.

Quality Feature Type Attribute

weight measurable

center of stretch attributive ok / not ok

wall thickness roller bottle attributive ok / not ok

orientation in the roller attributive 1,2,3,4,5

bottle (orientation error) (1-3 permissible, i.e. ok)
air bubble attributive

Table 1: For each cavity, five quality features are evaluated for optimisation of the
process settings for injection blow moulding of the roller bottles

The use of Stasa QC software appeared to be too tedious due
to the complexity of the two-stage injection blow moulding
process with a total of 15 relevant setting parameters. After
two days of unsuccessful attempts using the conventional trial-
and-error method, the managers at Greiner Bio-One decided
to perform the optimisation of the process systematically with
Stasa QC, in order to move things forward.

Systematic procedure

Stasa QC provides a tailored test plan for practical use. This
specifies which process settings are to be systematically
changed in order to obtain as much information as possible
about the relationships between process setting parameters
and quality characteristics with as little effort as possible.

In the present case, due to the complex two-stage process with
15 process setting parameters, the test plan proposed by the
software consisted of 25 trial settings. Due to the large number
of process setting parameters, this test plan is considerably
more extensive than is normal for injection moulding processes,
where usually only between five and seven process settings
need to be varied. Test plans then typically consist of between
ten to twelve trials.

After carrying out the test plan and measuring the quality
characteristics, Stasa QC automatically determines the
interactions between the process parameters and the
quality characteristics and generates corresponding models.
These enable interactive simulation and visualisation of the
relationships between the settings and quality. In this way, time
can be saved by carrying out further ,virtual“ trials on a PC,

from which the optimum process settings can be calculated
at the touch of a button, e.g. the setting at which the specified
tolerances can be maintained with the minimum cycle time.

The optical quality characteristics and the weight of the roller
bottles which are produced according to the test plan were
determined directly after each cycle and adopted by the
software. Evaluation of the gathered data is carried out fully
automatically in Stasa QC. After clicking ,Create operating
point model“, it is determined whether there is a linear or non-
linear relationship between the process parameter settings for
each quality characteristic and the corresponding model is set
accordingly and trained. With a further click on ,Start operating
point optimisation“ the optimum process settings and the
permissible process window can be determined.

Even the optimum process setting can be deliberately
influenced, e.g. to reduce the energy consumption for each
cycle. With this, users can concentrate on their process know-
how and interpretation of the results. The tedious evaluation of
the data and its documentation is carried out by the software.
The modelling and optimisation algorithms developed by Stasa,
which are implemented in Stasa QC have proved themselves in
a wide range of practical applications [4-8].
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Figure 3: Result of operating point optimisation with Stasa QC for Greiner Bio-
One roller bottles. The graphic display of the relationships between process para-
meter settings (right) and quality features (left) provide an overview of the process
(red: optimum operating point and process window) and at the same time enab-
les interactive simulation of the process. The values for the process setting para-
meters have been obscured in order to protect process know-how (Photo: Stasa)

The results (in this case optimisation of the operating point)
are displayed in an easy to understand interactive diagram: on
the left, the quality characteristics with the tolerance ranges
highlighted in green and on the right the process setting
parameters with the corresponding setting limits in the test
plan (Fig. 3). The optimum process setting is indicated as a
red line; the process window for the limits of process capability
is indicated with a red background. The process parameter
settings can be changed at will in the software within the limits
which are defined in the test plan; the effect on the quality
features is immediately visible on the left hand side.
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The results confirm the suitability even for complex
applications

At Greiner Bio-One, the optimum process settings which were
suggested by Stasa QC, as well as the initial setting, produced
roller bottles with perfect optical quality. In particular, with the
attribute ,1“, the orientation errors are in the best possible
permissible categories ,1“ ,2“ and ,3“. In fact, the available
process window was able to be enlarged considerably in
comparison with the initial setting. The result which were
forecast by Stasa QC were successfully confirmed in practical
trials.

In spite of a test plan with 25 trial settings, the effort for
systematic optimisation was manageable: One and a half
days were required from the creation and running of the test
plan up to the evaluation of the results. A great advantage is
that this effort can be planned in advance, in contrast to the
unpredictable effort which is involved in conventional trial-and-
error methods.

The results show that even optimised processes offer potential
for improvement and that the systematic method is worthwhile.

Conclusion

Systematic optimisation of injection moulding processes offer
enormous practical advantages. The effort is predictable and in
many cases is less than conventional methods. The result and
the trials which are performed are documented simultaneously.
The evaluation is understandable and in spite of the complexity
of the method, provides detailed insights into the injection
moulding process. The injection moulding experts can
concentrate on their actual task and are not encumbered with
statistical evaluations or manual documentation of the process.
Although they are continuously improving their knowledge of
the process, use of software tools such as Stasa QC allow
them to concentrate on other elements of their work and are
therefore essential.

The authors

Dr. rer. nat. Philipp Liedl is the Managing Director of Stasa
Steinbeis Angewandte Systemanalyse GmbH, Stuttgart; liedl@
stasa.de

Michael Friede is the Production Manager at Greiner Bio-One
GmbH, Frickenhausen.

Dipl.-Ing. (FH) Daniel Fick is the Product Manager for Kistler
Instrumente AG, Winterthur/Switzerland.

Bibliography

1 Kleppmann, W.: Taschenbuch der Versuchsplanung [Paperback book for
test planning]. Produkte und Prozesse optimieren [Optimisation of products and
processes]. 6th revised edition. Carl Hanser Verlag, Munich 2009

2 Michaeli, W.: Einfuhrung in die Kunststoffverarbeitung [Introduction to plastic
processing]. 5th completely revised edition. Carl Hanser Verlag, Munich 2006

3 USP: US Pharmacopoeia Convention: http://www.usp.org

4 Liedl, P; Haag, G.: Stasa QC - Qualitatsprognose und Prozessiberwachung
[Quality forecasts and process monitoring], in: Spath, D.; Hassis, K.; Klumpp, D.
(publisher.): Aktuelle Trends in der Softwareforschung [Current trends in software
research]. Conference transcript of the dolT Software-Forschungstag 2004. MFG
Stiftung Baden-Wirttemberg, 2004

5 Haag, G.; Liedl, P.: Rationelle Energieeinsparung und Minimierung des
Materialeinsatzes beim SpritzgieBen [Rationalised energy saving and minimisation
of the use of material in injection moulding] (REMIS). Sub-project: Modelling and
statistical analysis. Concluding report BMWi Joint project 2005, funding code:
0327296A

6 Haag, G.; Liedl, P: Optimierung der Energieeffizienz beim SpritzgieBen
durch Online-Formteil-Endkontrolle und Einbeziehung online erfasster externer
Messsignale in eine erweiterte Prozessregelung und hundertprozentige
Qualitatsprognose [Optimisation of energy efficiency in injection moulding by
online final inspection of mouldings and utilisation of online recording of external
measurement signals in extended process control and complete quality forecast
(REMIS II). Concluding report BMWi Joint project 2007, funding code: 0327375A

7 Schmidt-Plaschka, R.; Milles, U.: KunststoffspritzgieBen mit hdchster Prazision
[High precision injection moulding of plastics]. BINE Information Service Project
information 07/2005, FIZ Karlsruhe

8 Liedl, P; Haag, G.; Mlller, H.-U.; Lersmacher, L.: Spitzenqualitat mit kurzen
Zyklen [Ultimate quality with short cycles]. Kunststoffe 92 (2010) 2, page 38-40

Revision: September 2016

www.gbo.com/bioscience

Germany (Main office): Greiner Bio-One GmbH, info@de.gbo.com | Austria: Greiner Bio-One GmbH, office@at.gbo.com
Belgium: Greiner Bio-One BVBA/SPRL, info@be.gbo.com | Brazil: Greiner Bio-One Brasil, office@br.gbo.com

<>

China: Greiner Bio-One Suns Co. Ltd., office@cn.gbo.com | France: Greiner Bio-One SAS, infos@fr.gbo.com

Japan: Greiner Bio-One Co. Ltd., info@jp.gbo.com | Netherlands: Greiner Bio-One B.V., info@nl.gbo.com
UK: Greiner Bio-One Ltd., info@uk.gbo.com | USA: Greiner Bio-One North America Inc., info@us.gbo.com

greiner bio-one



