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Introduction
The most important processing methods for thermoplastics are injection moulding, blow 

moulding and extrusion. The diverse and tailor-made properties of specified plastics and 
the rapid developments in their processing technology have contributed significantly to the 
successful substitution of traditional materials such as metal, wood and glass in various fields 
of application.

Even though a rethinking seems to have started recently due to the pandemic situation 
[1], in the course of globalization, economic growth and technological progress, it can still be 
observed that novel and improved products and processes are becoming established, so that 
a consistent change in industry and production can still be observed.

Special attention is paid to the injection molding process, which is characterized by an 
economical, fully automated production of molded parts with very complex geometries 
[2]. Due to the increase in the degree of complexity of the product and process, which is 
accompanied by increasing demands¬ on the component, the effort required to safeguard 
the production process and to monitor and control the quality of the products also increases. 
This applies not only to safety-relevant moulded parts in the automotive or medical sector, 
but also to products in the packaging or consumer sector. Because molded parts are becoming 
more and more complex and of higher quality, for example, the need for one hundred percent 
inspections contributes to high sorting and inspection costs. The topics of scrap reduction and 
resource efficiency are thus becoming a significant economic factor, and this has come into 
even sharper focus, especially since the postulation of the Green Deal [3].

Material and Process
In injection moulding, two different concepts can generally be applied to polymers. Firstly, 

the polymer can be polymerised or cross-linked in-situ in the composite during the moulding 
of the sheet (resin method). The polymer used is thermoset, which provides good mechanical 
properties at elevated temperatures and often relatively easy processing [4].

Secondly, a thermoplastic polymer material can be used (thermoplastic method). Since 
most of the materials in standard batteries are thermoplastic materials, this consideration 
will also be emphasized in the following. The polymer must be selected with sufficient 
chemical, mechanical and thermal stability (e.g. data from [1]). Several candidate materials 
are available on the market in high quality and well-defined configurations for different 
processing methods and applications due to the use of additives such as waxes, minerals or 
fibers.

http://dx.doi.org/10.31031/NRS.2022.10.000734
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In addition to the materials, the process is also a very important 
determinant. It is obvious that the injection moulding process must 
be closely monitored, since it is characterized by an economical, 
fully automatic production of moulded parts in very complex 
geometry and must therefore be closely monitored [7]. Due to the 
increase in the degree of complexity for the product and process, 
which is accompanied by increasing demands on the component, 
the effort to safeguard the production process and to monitor and 
control the quality of the products also increases. This applies not 

only to safety-relevant moulded parts in the automotive or medical 
sector, but also to products in the packaging or consumer sector [4].

Because molded parts are becoming more and more complex 
and of higher quality, for example, the need for hundred-percent 
inspections is contributing to high sorting and inspection costs. The 
topics of scrap reduction and resource efficiency are thus becoming 
a significant economic factor, and this has once again come into 
sharper focus, especially since the postulation of the Green Deal 
(Figure 1).

Figure 1: The plastics pyramid preferred materials for rechargeable zinc-battery applications are semi-crystalline 
materials such as PP, PE and PVDF [4].

Monitoring of the Hot Runner as an Important 
Adjusting Screw - Often Underestimated

It is particularly annoying when a process malfunction causes 
the entire process to falter and incurs a lot of costs. Process variables 
such as screw force, cavity pressure, temperatures and screw 
position or injection speed describe the processes quite accurately 
and are often integrated in the injection molding machine. But they 
do not always guarantee that the errors will be detected. Especially 
if they are small errors in the mold, but can have a serious impact.

If the environmental conditions or the properties of the raw 
material change during production, the moulded part quality 
changes at the same time (with identical machine settings) and 
process disturbances within the mould are also conceivable. 

The following pictures show how such a process disturbance 
within the tool can look like and which consequences arise from 
it: Figure 2 & Figure 3 each show a hot runner that was clearly 
overmolded despite process monitoring in the injection molding 
machine. Unfortunately, due to the nature of a hot runner, it was not 
possible to detect this creeping process during production. Instead, 
production could continue and only after the end of production 

during the maintenance cycle could the fault be detected and then 
rectified.

Figure 2: Overmolded hot runner of a 4-cavity mold.
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Figure 3: Overmolded hot runner of a 12-cavity mold.

The follow-up costs are serious. In the case of the 4-cavity 
mould, for example, a new hot runner had to be procured. The 
costs amounted to a mid 4-digit figure and an 8-week production 
interruption was the consequence.

Solution through Camera-Based Control
When evaluating the key figures resulting from the injection 

moulding process, the overall system of machine, mould and 

temperature control system must always be considered. In the 
present cases, these key figures were extended by a variant: the 
optical control by a photo sensor.

Figure 4 & 5 show how the optical monitoring of the hot 
runner is carried out. The camera sensor is inserted into a specially 
designed hole in the system. From this, the photo data is generated, 
which in turn is used to adjust the control of the injection moulding 
machine.

Figure 4: Monitoring the hot runner inside the mould by means of an optical sensor.
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Figure 5: Feedback of hot runner information with the controller (see background).

Summary
By means of this new integration into the existing process, it 

is possible to counteract supposed disturbances at an early stage. 
In this way, optimizations can be made both visually and with 
regard to the mold temperature. It has been shown that both the 
permanent monitoring of the hot runner and the monitoring of the 
mold temperature ensure that the injection molding process can 
be monitored even better. In this way, disturbing influences, which 
can have their cause in the drying of the raw material, for example, 
become visible at an early stage. This makes the process more 
stable. Maintenance costs can be reduced.
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