Software

way from the red zone

Statistical design of experiments identifies and removes quality deficiencies

This article presents a user-friendly PC-based software system
enabling experimenters to apply statistical design and analysis
of experiments in their routine work independently
of a statistician. A project by the pharmaceutical industry

—the production of child-resistant blister packages —
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dustry, efficient planning and analysis

of experiments is of paramount impor-
tance to quality improvement. Aimless tri-
al-and-error is harmful in more than just
one way: on the one hand, valuable re-
sources are blocked by redundant experi-
ments; on the other hand, insufficient ex-
periments may even cause greater damage
E. Glimm, P. Solot, Aicos Technologies, Basel, Switzerland.

Fields -

of application

Stavex is used by companies from var-

ious branches, predominantly the phar-

maceutical and the chemical industry,

as well as by universities and research

- institutions. The software is equally well

~ suited for the optimization of laborato-

ry experiments and production

processes. For example, Stavex has

been used in projects aimed at:

M analysis of dissolution rates for sus-
tained-release dosage forms,

H yield maximization in biosynthesis,

m thermo-sealing of blister packages
for tablets,

B optimization of tablet formulations,

M identification of important mixture
parameters in the production of ad-
hesives,

® HPLC ruggedness analysis.

In various branches of the process in-
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if they lead to poor process parameter set-
tings.

Design of Experiments is the appropri-
ate method to avoid such problems. Itaims
at identifying the impact of process set-
tings (so-called “factors”) on the quality
characteristics (so-called “response vari-
ables”) of concern. To this end, the set-up
of the experiment, typically involving the
factors, their range and the responses, has
to be specified. From these specifications,
appropriate software tools are able to de-
termine an efficient experimental design.
Such a design should have as few experi-
mental runs as possible. However, the
number of runs must still be large enough
for a reliable assessment of the factor ef-
fects and interactions between factors.

Experimental design is widely used
since decades, often resulting in signifi-
cant cost cuts and quality improvements.
Butin spite of this continuing success sto-
ry, many quality managers do not seem to
realize the full extent of potential applica-
tions for these methods. Not even the im-
plementation of experimental design
methods constitutes an obstacle anymore,
thanks to modern software tools.

A project by the development depart-
ment of a pharmaceutical company might
serve to illustrate these points. The pro-
duction of child-resistant blister packages
involves stamping cavities into an alu-
minum foil. Subsequently, the formed bot-
tom foil is sealed with a lidding foil. Every
blister consists of ten cavities. After pro-
duction, the tightness of the blister is
checked by a vacuum test.

As a single deficient cavity ruins the

complete blister, it was decided to treat
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“tightness” as a qualitative response vari-
able with just two possible outcomes, “ok”
and “flawed”. This is somewhat unusual
since experimental design typically deals
with quantitative response variables (e.g.
a quality deviation in percent). The soft-
ware Stavex which was used in this study
is able to deal with both types of response
variables. The factors of interest here are
sealing pressure, sealing temperature,
pre-heating time and the speed rate of the
production line. The first three factors are
qualitative and can be varied within
the following ranges: sealing pressure
1500 to 2800 kp, sealing temperature
100 to 200 °C, pre-heating temperature
120 to 170°C. In contrast to these, the
speedrate can only be varied in steps. Con-
sequently, it is treated as a qualitative fac-
tor. Furthermore, the speed rate may de-
pend on the production lot size. With a
smalllot size, automatic feedingis too com-
plicated toimplementand thus high speed
rates may not be available. The factor set-
ting to be identified should therefore yield
good results across different speed rates.

Central-composite design

Following these specifications, Stavex
suggested four appropriate experimental
designs. A so-called central-composite de-
sign with 45 experiments was selected.

After the experiments had been per-
formed, the software calculated the prob-
ability of producing a properly sealed blis-
ter depending on the factor settings. This
analysis is summarized in an easy-to-un-
derstand report. Among other things, this
report contains the list of factor constella-
tionsatwhich experiments were done with
the corresponding probabilities for a prop-
erly sealed blister. These calculations are
used for plots where “advantageous” and
“disadvantageous” regions within the fac-
tor range are indicated by different colors.
It is possible to obtain a good impression
of the advantageous area by arranging re-
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The “red zone” is a region of factor settings with a high probability of flawed production. Out-
side this region, the probability of production flaws is decreasing with the distance from the red
zone. Blue triangles indicate the experimental runs in the design with the observed response.

gion plots of two factors at different levels
of a third (and possibly a fourth) factor on
one page. The software functions offer this
possibility (see figure above). On the basis
of these plots, one can find a factor setting
far away from the red zone. If the advanta-
geous zone is big enough, there might even
be a chance to take into account addition-
al considerations when picking a setting.
In this case, the plots clearly show that low
sealing temperature is a major cause for
flawed blisters. Sealing pressure should
be relatively high. The following recom-
mendations can be given: sealing temper-
ature: 170 =10 °C, pre-heating tempera-
ture: 130 *10 °C, sealing pressure: 2600
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+100 kp. These settings are suitable for all
speed rates. The recommendations take
into account that a very high sealing tem-
perature seals the cavities reliably, but
might damage the foil by burning.

On the basis of these results, the pro-
duction was modified accordingly. The in-
sight gained from the experiment did even
prove useful for a number of other blister
production processes.

Statistical design of experiments helped
the pharmaceutical company to establish
the high quality of the process factor set-
tings. Last but not least, an important re-
quirement of the regulation authorities
could be met in this way. This application
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demonstrates how versatile statistical de-
sign of experiments really is. Substantial
quality improvements can often be
reached with little effort. Even in situa-
tions where there is seemingly limited in-
formation from a single experiment (e.g.,
just “ok” or “flawed”), the experimenters
are able to learn a lot, simply by a smart
selection of experimental runs. |

For further information:

www.pharma-tec.com
* More about Stavex

* Here you will find a fax-request
form for a free test installation

Contact:
info@aicos.com
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