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Utilizing and evaluating data obtained 
from production systems entails net-

working all installation components and 
possibly additional sensors with each 
other under all kinds of outlay and merg-
ing as much data as possible, mostly in 
manufacturing execution systems (MES). 
Interfaces often cause difficulties because 
they are so varied and because there is a 
lack of standards. What is more, not all de-
vice manufacturers have gotten around 
to offering a digital communication inter-
face.

A further hurdle is data synchroniza-
tion, which usually requires the use of a 
time-stamp and in many cases does not 

proceed satisfactorily. Vast data sets are 
generated because often too much infor-
mation is collected. And the more data 
that is available, the more complex and 
unreliable the evaluation becomes. It is 
probably safe to say that the bulk of the 
data is not very useful, complicates the 
analysis and leads to wrong conclusions.

The question then arises as to which 
evaluations are necessary and useful, 
how they can be improved if necessary, 
and whether it might not be more effec-
tive to employ the open- and closed-
loop control systems that are already es-
tablished. After all, these can deliver al-
ready evaluated data with a high informa-

tion content from an optimized produc-
tion setup. That would obviate the need 
for acquiring additional data, the useful-
ness of which is doubtful in many cases 
(Fig. 1).

Advantages of Data from the Cavity

Sensor-based monitoring and control 
systems visualize and analyze the injec-
tion molding process and initiate corre-
sponding open- and closed-loop control 
steps to improve parts quality and pro-
duction consistency. They help users to 
identify and eliminate production prob-
lems and to document the measures and 

Plug-in connectors being 

automatically removed 

from the mold by  

a  robot (© Priamus)
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A Quantum of Relevant Data

“Quality of Things”: Process Monitoring and Control Systems as Basic Building Blocks for the 
4th Industrial Revolution

The use of cavity pressures and cavity temperature signals to control, monitor and regulate the injection molding 

process is the state of the art in the production of technically sophisticated plastic parts. The 4th industrial rev-

olution is opening up untold possibilities in the automation of administrative, technical and planning processes. 

Such control systems are an ideal source of data of the highest relevance and information density.
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The key characteristics determining 
the quality of the PA66-GF25 connector 
strips are the overall length, the spacing 
of the connector chambers and the 
warpage of the strip, which must be 
maintained over temperatures of -40 to 
150 °C in accordance with the auto mak-
er’s specification. Process approval re-
quires that the parts be measured under 
standard conditions in order that com-
pliance with tolerances may be assured 
across the full temperature range.

The Fillcontrol system keeps the pro-
cess constant during production. Specific 
machine parameters have no bearing on 
the quality of sophisticated molded parts 
and so are of little use where the process 
reliability of each individual cavity is re-
quired. At KE Elektronik, the melt flow in 
multiple hot-runner molds is almost con-
tinuously automatically balanced and 
evaluated via the Priamus system – with 

the successful outcome. They not only 
furnish reliable data on the quality of 
each individual molded part virtually in 
real-time (Fig. 2) but also provide informa-
tion about production indicators that 
serve as the basis for analyses and further 
optimization measures.

Unlike statistical methods, which are 
based on random samples and are not 
available in real time, these are results 
which have been obtained from all the 
parts which have been manufactured. As 
such, this already constitutes a high-qual-
ity evaluation and pooling of information 
that can be used further. Users should not 
forgo this in favor of cheaper and less use-
ful information which is not pro-
cess-based. That would be inconsistent, 
inefficient, and uneconomical.

Quality Assurance and Control  
Systems Provide Important Information

KE Elektronik GmbH in Kressberg-Markt-
lustenau, Germany, is a member of the 
Amphenol Group of companies. Its core 
competences lie in polymer engineer-
ing, pipe processing, and construction 
and joining technology. KE Elektronik di-
rectly supplies the leading tier 1 electri-
cal and electronic subcontractors from 
the automotive and aerospace indus-
tries whose systems are shipped to near-
ly all vehicle and aircraft manufacturers 
around the world. For the production of 
plastic connector strips (Fig. 3), the com-
pany relies on Fillcontrol systems (sup-
plier: Priamus System Technologies AG, 
Schaffhausen, Switzerland). Unlike ma-
chine control systems, these have a vari-
able response to process fluctuations 
triggered by changes in material, materi-
al preparation, ambient conditions or 
temperature control in the injection 
unit, hot-runner and mold.

Fig. 1. The Fillcontrol process control system as a central component in the “Quality of Things” 

(source: Priamus)

additional process controls available for 
measuring viscosity, compression and 
shrinkage if required by the specification. 
Sensor-based process visualization alone 
is capable of immediately identifying 
weak points or faults so that they can be 
rectified.

This also applies to all systems of rel-
evance to the process. Measurement of 
cavity pressure and temperature or com-
munication with these peripheral sys-
tems within the control systems enables 
weak points or faults to be detected. For 
example, a temperature control device 
failing to reliably maintain the required 
temperature will be detected either by a 
change in cavity temperature or by actu-
al readings at the interface. With regard 
to cavity temperature control, it is also 
unnecessary to monitor the setpoint 
and actual value, flow rate and tubing in 
order to gauge the correct mold tem-
perature.

A temperature sensor is installed in 
the cavity wall wherever a certain tem-
perature must be ensured and is suffi-
cient to indicate changes in the entire 
temperature control system. The Fillcon-
trol system even makes it possible to 
correct deviations within predefined 
limits and to keep shrinkage at a con-
stant level [2−4]. Another of the numer-
ous features of this system is melt- front-
dependent switchover to holding pres-
sure [6] as a way of smoothing out vis-
cosity fluctuations and thus always en-

Injection molding machine �
Hot runner controller �

Valve gate nozzles �
Mold �

Mold temperature controller �
Dryer�

Other peripherals �

� Cloud
� MES/ERP
� Smartphone
� Internet

Quali
ty

Qua
lity

Measuring time

Thermal stress

Filling

Burr formation
Mold damage
Shaping of contours Sink marks

Crystallization
Orientation
Demolding

Shrinkage
Cycle time

bar
400

350

300

250

200

150

100

50

0

90

85

80

75

70

65

60

°C

0

Ca
vi

ty
 p

re
ss

ur
e

Te
m

pe
ra

tu
re

1 2 3 4 5 6 7 8 9 s 10

Compression Holding pressure Cooling

Warpage
Internal stress

p1 [bar]
T1 [°C]

Fig. 2. The characteristic curve of the signals from the cavity pressure and cavity temperature 

sensors can be used to evaluate and monitor almost all quality characteristics in each cavity 

(source: Priamus)
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suring the optimum switchover point. 
Yet another is automatic hot runner bal-
ancing [1−4], which ensures that the cav-
ities in multiple molds are always filled 
simultaneously.

All Deviations Reveal themselves in 
Pressure and Temperature Readings

Sensors in the cavity help to determine 
start-up scrap. The system detects when 
the cavity temperature lies within the 
specified limits after startup or a down-
time (Fig. 4). The same applies to all other 
monitoring functions, and even combi-
nations thereof. Any change in material 
charge or other input condition can be 
reliably detected by monitoring the vis-
cosity inside the mold by means of cavity 
pressure and temperature sensors (Fig. 3) 
– the deviation can be regulated accord-
ingly as well [7]. The degree of compres-
sion in the molded part provides informa-
tion about the strength, fill and dimen-
sional stability, and the same consider-
ations apply here.

Nearly all deviations in the systems in 
the injection molding process reveal 
themselves in the cavity pressure and 
temperature readings. It therefore makes 
most sense to largely base process valida-
tion on these readings. This approach 
saves a great deal of effort, manpower 
and costs and is at the same time 
self-monitoring, as failure of one compo-
nent immediately leads to the identifica-
tion of a bad part.

master computer interface. The prepared 
material is compared with the specifica-
tions and checked. The production data 
from the molding machine, the hot-run-
ner controller and the Fillcontrol system 
are fed to the MES via various interfaces, 
and the package units – in some cases 
the very molded parts themselves – are 
labeled or coded for the sake of trace-
ability.

Attempts are made through individu-
al assessments to keep data volumes as 

Fig. 4. The trend data (right) for the cavity wall temperature clearly reveal when the process is in thermal equilibrium after startup or a downtime. 

Scatter is clearly indicated by the overlapping of the curves (left) (source: Priamus)
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Networking with Interlocked Process

System networking and the security of all 
relevant data are of great importance to 
KE Elektronik. The primary goal is to inter-
lock the process so as to avoid errors from 
the outside and to ensure maximum pro-
cess reliability. For example, only ap-
proved machine configurations and, 
where possible, approved peripheral de-
vices for the production of a particular 
molded part are made available on the 

Fig. 3. Correct positioning of the cavity pressure and cavity temperature sensors offers plenty of 

scope for controlling and regulating the injection molding process in order that sophisticated 

parts may be produced in consistently good quality (© Priamus)
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low as possible and to use only data of 
high relevance. But it is not just the data 
volume which can cause problems. There 
are so many different system interfaces 
and these can sometimes be incompati-
ble. This leads to complex structures 
which cannot be mastered without spe-
cific specialist knowledge and can give 
rise to barriers (Fig. 5).

Yet there are also huge upsides to re-
cording the relevant data. In the event of 
a complaint, the Quality Assurance de-
partment can access it quickly and prove 
that no bad parts passed through quality 
control undetected. This slashes the out-

lay required for verification. For example, 
it is possible to show how material fluctu-
ations have evolved over a longer period 
of time and what corrective action was 
taken.

Conclusion

The goal of networking in production 
must be a simple networking structure 
with powerful interfaces. There must be 
no restrictions imposed on the informa-
tion forwarded to various visualization 
and evaluation systems. The entire sys-
tem must lend itself to expansion at any 

time so that it is future-proofed. It is im-
portant to generate process-relevant 
data which supports further analysis and 
optimization. In this connection, it is ad-
vantageous to have a central component 
in a production cell which collects the 
data from the participating systems and 
forwards it to the higher-level systems 
(Fig. 6).

For maximum efficiency, these solu-
tions should be tailored to the injection 
molding company. The past has shown 
that large, general-purpose systems are 
rejected by users because they are too 
complex. Proceeding on the assumption 
that each injection molding machine will 
be networked in the future, it is expedi-
ent to have a quality assurance and con-
trol system such as Fillcontrol in place as a 
way of keeping data volumes small and 
relevant. At Priamus, this is called “Quality 
of Things”. W
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