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Risk strategies for clean 
room production

An overview of high speed 
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Inmold labeling: quality expectations 
for single components
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The topic "clean room" is becoming increasingly significant,
in particular among European injection molding companies.
The production in clean rooms frequently represents a mar-
ket potential to these enterprises which is shielded against
competitors from threshold countries at least in the
medium term. At the same time, high-tech products manu-
factured in clean rooms, in particular if the products are
innovative, have a better profit margin than conventional
products.

What is special about the clean room?
The term "clean room" is not used accurately in many cases.
The rating into clean room classes describes the contami-
nation of the room atmosphere with particles of different
sizes (e.g. dusts, skin particles, abraded material). The 
present info-letter deals with clean room classes 8 (up to
100,000 particles/m3) and 7 (up to 10,000 particles/m3).
Possible requirements regarding bacteria count must be
taken into consideration additionally.

Clean rooms are used frequently in the manufacture of
medical and laboratory products, optical products or pro-
ducts with extremely smooth surfaces (e.g. display discs)
as well in the field of electrical engineering and increasingly
in the food packaging industry. A dust-free and sterile envi-
ronment is often the crucial quality criterion in these areas.

Automation in

the clean room
by Wolfgang Czizegg and Christian Boos

Due to the electrostatic charging which frequently occurs in
the injection molding process, the products manufactured
attract particles to their surface. In the clean room, the con-
trolled and purified environment prevents contamination of
products with microorganisms or pollution of surfaces by
particles. Regular checks of bacteria quantity and particle
concentration in the clean room air accompany the ongoing
production process, and consistent traceability is required
for many applications.

Compared to conventional injection molding environments,
clean rooms often require considerable investments in 
ventilation, testing and measurement technology. In addi-
tion, the operating costs for a clean room including all the
additional processes and subsequent expenses are clearly
higher.

Example of 
medical products
reaction vessels
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Why is automation required in the clean room? 
"Normal human beings" emit up to 2 million particles (and
bacteria) a minute, depending on the movement intensity.
Protective measures such as protective clothing, hair nets,
masks etc. are an attempt to prevent the emission of parti-
cles by humans in the clean room as far as possible.
Irrespective of all precautions, however, it is actually almost
impossible to avoid a certain minimum emission of parti-
cles by the people working in the clean room.

A further reduction of the particle quantity in clean rooms
can only be achieved through automation. The fewer people
have to be in the clean room, the lower the emission of par-
ticles.

Another reason for the high degree of automation in the
clean room is the continuous inline quality checks of the
manufactured products, which is performed by automatic
systems and is integrated into the operating data recording.

Moreover, clean rooms are equipped with reliable high-per-
formance automatic systems to achieve the highest possi-
ble output to ensure that the high investments made to cre-
ate the clean room pay off within a fairly short period of
time.

What are important features to take into account when
investing in clean room automation?
The clean room makes special demands on automation as
it may not impair the quality of the clean room and utilize
the expensive surface area optimally. 

Effective risk reduction at the planning stage already, effi-
cient utilization of the clean room and maximum operating
security for this kind of system are the essential features to
be taken into account in this respect. From a multitude of
details, the following key measures and conditions have
been derived for investments in clean room automation:

Effective risk reduction
Develop a risk reduction strategy:

a) As a significant part of the conceptual phase for clean 
room automation we recommend a thorough FMEA 
(failure mode and effect analysis); the findings collected 
by a good FMEA team can reveal many risks at the preli-
minary stage already and allow for safety measures 
(e.g. buffer zones, test stations) to be integrated into the 
overall concept.

b) The customer should accompany the completion phase 
of the automation personally and conduct exhaustive 
testing. The testing should start with factory acceptance 
tests at the manufacturer's facility, continue with site 
acceptance tests when the system is commissioned at 
the customer's plant and be concluded with a final vali-
dation under clean room conditions. In accordance with 
the current GMP directives, multiple-stage qualification 
steps have to be carried out, if required.

c) The logistics strategy can also contribute to minimizing 
risk, e.g. by integrated sorting of products according to 
mold cavities. The risk in the event of a faulty cavity can 
thus be limited to a fraction of the total production quan-
tity manufactured in a specific period of time. In this 
manner, the remaining output is maintained as good 
merchandize and will be available for sale. 

Intensive utilization of the clean room
Availability > 98% is ensured by the respective technical 
design of the automation system and use of high-quality 
components.
Space-saving construction method to use up as little 
clean room area as possible.

Protection against contamination of the air and the product
Low susceptibility to faults is an essential requirement 
for clean room production, so that the clean room does 
not have to be opened unnecessarily for repair work.
Ease of maintenance (long or no maintenance intervals).
This is associated with the requirement of low wear by 
using high-quality, low-wear components and materials.
Low particle emission which is also achieved by using 
high-quality, low-wear components and materials.
All surface areas should be easy to clean, which is 
ensured by the respective technical design of the auto-
mation system.
Movable components are always positioned beneath the 
product or are encased to avoid contamination of the 
product. 

Experienced manufacturers of automation systems for
clean rooms will be sure to meet these criteria. If you wish
to learn more about "Automation in Clean Rooms", our
Waldorf Technik specialists will be happy to assist you. 
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