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Quality part production
& trainings in the focus
Control of local hotspots in high pressure die casting
Evaluation of feeders and feeder materials
Reliable automatic visual inspection systems

EDITORIAL

Dear readers,
The tightening of global environmental protection regulations and the breakthrough in e-mobility are driving the development of new vehicle architectures. Aluminum lightweight structural components are intended to drive the
vehicle weight down further and, in addition to a minimum
of strength, enable a high ductility that was previously unknown in castings. Starting from such materials, the use
of aluminum die-casting for structural components has
expanded significantly in recent years by automobile manufacturers at home and abroad.
Process knowledge as well as trained employees are essential for this. How trials and tests help to determine the
ideal process parameters for the production of die-cast
parts is shown in the first article in the new C.O.M. the
company Bühler AG.
The temperature control of die casting molds is an important qualitative aspect in the manufacture of die cast parts.
For overly complex parts, the entire temperature control
of the tool must be coordinated with the cast part and the
local cooling conditions. How this can be optimally solved
with the help of machine learning methods (ML) are research topics at the Institute for Metals Technologies at
the University of Duisburg-Essen and are described in the
second article.
The testing of feeders is a prerequisite for the quality of
cast parts. Feeders are intended to compensate for the
volume reduction associated with solidification. Foundrymen expect that feeders - in accordance with the manufacturer‘s catalog information - function reliably and evenly
and feed the cast parts safely. In the third article, Chemex
Foundry Solutions explains how this can be done exactly.
Last but not least, we report on reliable automatic visual
inspection systems from Laempe Mössner Sinto. In many

foundries, the visual inspection is currently still carried out
by manual inspection, for example during the final inspection of raw cast brake discs before packaging. The future
is an automatic 100% control. Read about modern, automatic visual inspection systems here.
As always, I wish you many new insights while reading
and I am at your disposal for criticism, suggestions, and
improvements.
Dr.mont. Stephan Hasse
Foundry Technologies & Engineering GmbH
Publisher of www.giessereilexikon.com

Our cover picture
The tightening of global environmental protection regulations and the breakthrough of e-mobility
are pushing the development of new vehicle architectures. Structural components made of light
metal die-cast, primarily aluminum and magnesium, are an essential part of modern automobile
bodies and chassis. These components can be reliably manufactured using die-casting processes
and meet important requirements in terms of lightweight construction, strength and crash behavior.
The picture shows a typical automotive structural component (car longitudinal member) made of
die-cast aluminum.
Source: Bühler AG
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IMPROVING OEE

Improving OEE – quality part production & trainings in
the focus
Adrian Buob
The Overall Equipment Effectiveness is central to get the optimal performance of die-casting systems.
Both process knowledge as well as qualified staff are essential in this regard.

Taking a look at process optimization

Increasing quality, minimizing rejects

Efficient processes are key to the commercial success
of die casting foundries. As a result, producers are continuously trying to optimize their processes in order to increase the quality of the products as well as the profit.
However, many factors influence the production process,
and the number of targeted measures varies accordingly. Taking a detailed look at the OEE (Overall Equipment
Effectiveness) is recommended for sustainable process
optimization. The three most important factors for this key
figure are the number of rejects, the degree of utilization
of the machine and the amount of downtime incurred as
well as the productivity of the die casting-cell itself.

Measures taken to improve quality will only reach their
goal if casting defects are clearly identified. This refers to
a physical process error that might cause some malfunction on the component. On the one hand, these include
misshaping such as deformation, warping or displacement of dies. On the other hand, internal errors such as
microporosity, cavities or oxide inclusions as well as surface defects such as cracks, cold shuts and burr formation must be taken into account. Depending on the error –
which might also appear in combination with other errors
– specific corrective measures are taken. As a rule, this
would include adjusting the parameters of the die-casting
machine and the peripheral devices, as well as modifying
the die casting mold.

Fig. 1: State-of-the-art laboratory equipment for quality monitoring
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“Bühler is working towards the vision of the Digital Cell – aimed at delivering 0% scrap, 40% less
cycle time and 24/7 uptime for foundries.”

Testing & trials to improve quality at the Bühler technology center
Trials and testing help to identify the ideal process parameters for the production of die cast parts. In the Bühler
technology centers a full range of die-casting cells up to
14,000 kN die locking force is available, to test parts in
different sizes and with different complexities. Customers
can send their die to Uzwil, which is than mounted on one
of the cells. During the testing phase there is a focus on
systematically fine tuning the settings. The results can be
checked in the laboratory, until the settings are optimal
for production (Fig. 1). Afterwards the parameters are
transferred to the customer’s die-casting machine. With
this, the scrap in production is reduced and productivity
increased.

Taking a look at trainings
Finding skilled operators prepared to work in a loud and
noisy foundry environment is one of the biggest challenges facing our industry today. But of course, highly-trained personnel can make a significant impact on OEE.
Bühler’s online courses
To provide effective training, no matter where someone
works, Bühler developed a set of online courses. The training takes place over several days with a 3-hour learning
session each day, by experienced trainers. If necessary,
the course can be complemented with a practical part directly at the attendees working site or in one of Bühler’s
training centers.

Testing and trials are also possible without travelling to
Uzwil. Bühler is able to transmit the live tests, with different cameras installed in the cell. Customers can keep
an eye on the process from different perspectives and discuss the next steps with Bühler experts (Fig.2).

Fig. 2: Several cameras in the die casting cell ensure a good overview of the process and can be followed online by the customer
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The range of trainings offered, stretches from an introduction to die casting to dedicated trainings on the different machine series and technological trainings on process optimization or die design. Depending on customer
needs, customized programs are possible.

The Overall Equipment Effectiveness of customers is at
the center of consideration for Bühler, who is working towards the vision of the Digital Cell – aimed at delivering
0% scrap, 40% less cycle time and 24/7 uptime for foundries.

About Bühler Die Casting
Author:
Adrian Buob
Team Manager Bühler Die
Casting Application Technology
adrian.buob@buhlergroup.com

Bühler is the global technology partner for all highpressure die-casting needs and supports its customers through all phases of their investment. The
Swiss company provides optimized die-casting solutions, fully integrated process controls, plant layout
knowhow, process knowledge and global assistance.
Bühler supports its customers with a strong global
service network, modern application centers as well
as its own sites for production, machine revision, and
technology in Europe, Asia, and North America.

Die-casting solutions from the experts
Our solutions for aluminum and magnesium die-casting are tailored for your foundry to increase productivity and efficiency. We also run a global network of technical experts and support engineers who can help you, from planning to
installation and support.
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Bühler die-casting
portfolio
up to 84,000 kN
locking force.
You would like to increase your
die-casting production? The expanded
Carat-portfolio, including the
Carat 560, Carat 610 and Carat 840,
comes with the known benefits of the
die-casting machine series:
•

high degree of dimensional
accuracy due to proven
two-platen solution

•

high part quality with unique
Bühler shot control system

•

easy and intuitive control with
DataView’s multitouch screen

You are interested? Contact us on:
die-casting@buhlergroup.com
Or find out more about the Carat series
on our website:
buhlergroup.com/en/carat

Innovations for a better world.

LOCAL HOTSPOTS IN HIGH PRESSURE DIE CASTING

Detection and control of local hotspots in high pressure die casting
Torben Disselhoff

Modern aluminum high pressure die casting (HPDC) is faced with increasingly complex challenges. These
include the economic and ecological challenges facing German industry, the energy and mobility revolution
and the reduction of CO2 emissions. On the other hand, there are the demands on the increasingly complex
castings, which can only be cast to a high quality with the latest technology. In addition, HPDC machines
require an immense amount of energy for the production of castings. The temperature control of the
casting tools plays a decisive role here because a significant amount of the required energy is attributed
to the tempering or the thermal management of a high pressure die casting machine. [1][2][3]

Introduction
The research project is being realised in cooperation with
the company thermobiehl Apparatebau GmbH.
The temperature control of die casting molds is an important qualitative aspect within the production of castings.
For highly complex high pressure die casting parts, the
entire temperature control of the tool must be matched
to the casting and the (local) cooling conditions. This is
achieved by using heating/cooling units, component-specific cooling concepts and expert process knowledge. [4]
The tool itself also has an influence on the production and
temperature control of the castings. Therefore, a tool can
be divided into three condition levels during production.
• Condition level 1: Starting up the tool
• Condition level 2: Production with slightly worn tool
• Condition level 3: Production with (highly) worn tool →
Process drift
Within the first two levels, only a few deviations of the
process window occur, and reproducible production takes
place. During condition level 3, there are more deviations from the specifically set process window, the socalled process drifts. These lead to a reduced quality of the
castings and a poorly running process. Often the casting
defects and structural anomaly are only discovered in the
further course of the process chain or during the inspection of the castings and are remedied with a delayed reaction. During this period, production takes place outside
the previously defined process window. This can lead to a
reduced output of the machines as well as to defective or
low-quality castings.
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It should be noted that the process knowledge of the individual phases is incomplete due to the complexity of the
process and tool. This process knowledge is continuously
expanded through analyses of the casting defects. Machine learning methods (ML) are rarely or never used in
the analyses mentioned. The great advantage of machine
learning methods is that they are able to identify complex
correlations that are not revealed by classical analysis
methods. The process as well as tempering data of the
high pressure die casting process should therefore be
examined with ML to investigate these hidden dependencies. At the same time, the causes of process drifts can
be better analyzed, understood and, at best, eliminated.

“The great advantage of machine learning methods is that they are able to identify complex
correlations.”

This research aims to achieve the following objectives:
• Reduction of the ramp up time of die casting tools
• Avoidance of thermally induced defects within condition
level 3
• Introduction of data analyses by using ML
• Analyses should be possible without large investments
→ Reaching SMEs
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Theoretical consideration
To realize the aims, a model tool was first designed, with
which it is possible to investigate different cooling concepts. The entire experimental setup is to be designed
realistically so that the results can be transferred to practice.
The base unit offers the possibility to adjust and test a
variety of cooling settings. The model tool (Figure 1B) and
some of the possible cooling variants (Figure 1A) can be
seen in Fig. 1.

Fig. 1: Theoretical cooling variants and model tool

Due to the different cooling variants, the local heat centers are created at different locations. These are indicated
here by red markings at their theoretical point of appearance. The change in the local heat center of a possible
process drift (Fig. 1A), which can be caused by e.g., calcination or leakage, is also considered. The process drift
is generated here by a reduced cooling capacity of the
second cooling channel.

“Due to the different cooling variants, the local
heat centers are created at different locations.”

With the help of the base unit, the aim is to check whether
heat centres can be specifically adjusted and shifted. At
the same time, the generation of process drifts is to be
controlled.
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Proof of concept
Following the theoretical considerations, a test stand was
designed. A partial section can be seen in Fig. 2.
In addition to the base unit (see Fig. 1), the test stand contains a sprayer, a thermal imaging camera for recording
and evaluating the surface temperatures, a stamping tool
that can be heated and pressed onto the die surface in
specific programs and a heating/cooling unit for setting
the temperature control parameters. For a demonstration,
follow the QR code in Fig. 2, where you will find a video
showing the test stand in operation.
The thermal reactions of the base body to different cooling variations are recorded and measured with the thermographic camera. Fig. 3 shows the resulting thermographic images.
This clearly shows that the previous theoretical considerations have to be implemented in the real process. This
means that different heat centers have to be generated
and controlled in a targeted manner. Another important
aspect is that process drifts can be experimentally simulated and investigated. This is shown by the comparison
of the images „Middle Spot“ and „Process drift“. It can be
clearly seen that the cooling is strongly impaired by the
reduced performance of the cooling channel and no longer has the same properties as in a flawless process (cf.
Middle Spot). Based on the recorded process data, this
difference can also be seen.

Fig. 2: Partial section of the experimental setup and QR code

Fig.3: Comparison of the thermographic images with the theoretical
considerations

Data analysis
The analyses of the data show that it is possible to qualitatively represent a process drift. A region of interest
(ROI) was defined on the base unit and measured using
a thermographic camera. The temperature data plotted
over time and the ROI can be seen in Fig. 4.

Fig. 4: Comparison of temperatures middle spot and process drift

“It can be clearly seen that the cooling starts at
a later point in time during the process drift and
thus has a reduced cooling capacity over time.”
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It can be clearly seen that the cooling starts at a later point
in time during the process drift and thus has a reduced
cooling capacity over time. After approx. 40s cooling time,
a temperature difference of about 10°C is present. If such
a process drift occurs in temperature critical areas, such
a temperature difference can influence the quality of the
casting.
Thus, the temperature data can be used to make an initial assessment of the cooling effect. The analyses so far
have shown that both the image recordings and the temperature data provide essential insights into the cooling
behavior of the base body. However, the cause or the
course of occurrence of this reduced cooling performance
can only be represented with great difficulty or not at all. In
this respect, the use of machine learning methods should
make a decisive contribution.
For this purpose, the entire data set, consisting of 180
data rows and 46 data columns, was used. The selected
functionally dependent variable water flow channel 2 is to
be predicted from the remaining 45 functionally independent variables with the help of the machine learning algorithms. Since the numerical values of the variable water
flow channel 2 are known to the system, this is referred to
as supervised machine learning. With the learned prediction function, it is possible to predict the flow values of the
second cooling channel considering new process data.
Fig. 5 shows the graphical representation of the comparison of the real measured values and the predicted values, i.e. the results of the prediction function of the test.
The high agreement of the values (good approximation of
the 45° axis) indicates a promising use of machine learning methods now.
What´s next
In the further course of the research project, further and
more complex shapes and cooling variants are to be tested. For this purpose, new model tools must be constructed, with which it is possible, for example, to record cooling close to the contour or also the influence of contours
in general.
In addition, the generated data will be examined with machine learning methods. This can become particularly important for the aspect of reduced ramp up time.

Fig. 5: Forecast function of the water flow

Because with a high prediction quality, a detailed analysis
of the process can be made possible. This process knowledge can then be used for the corresponding process
optimization. The algorithms can also bring decisive advantages regarding the questions of how a process drift
can be controlled and where a process drift comes from.
For verification, the results are to be transferred to a real
process to test the developed methodology and adapt it
to foundry operations. At the same time, this solution offers the foundry industry the basic implementation of machine learning methods.
Literatur:
[1]: Friedrich Ostermann, Anwendungstechnologie Aluminium, 3. Auflage, 2014, Springer-Verlag Berlin Heidelberg
[2]: Christoph Hermann, Helge Pries, Götz Hartmann,
Energie- und ressourceneffiziente Produktion von Aluminiumdruckguss, 1. Auflage, 2013, Springer-Verlag Berlin
Heidelberg
[3]: Christian Wilhelm, Lothar H. Kallien, Einfluss der
Elektromobilität auf die Gussproduktion in der deutschen
Gießereiindustrie – Teil 2, Giesserei, 105, 7, 2018
[4]: Dr.-Ing. Boris Nogowizin, Theorie und Praxis des
Druckgusses, 1. Auflage, 2011, Fachverlag Schiele &
Schön GmbH, Berlin Schön GmbH, Berlin

Author:
M.Sc. Torben Disselhoff
Staff member at
ITM - Institute for Technologies of Metals
University Duisburg-Essen
Torben.Disselhoff@uni-due.de
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About ITM
The Institute for Technologies of Metals (ITM) is part of the Department of Mechanical and Process Engineering of
the Faculty of Engineering at the University of Duisburg-Essen. The Chair of Mathematics for Engineers (MfI) of
Prof. Dr. rer. nat. Johannes Gottschling has joined the ITM for practical research and teaching. The foundry engineer Dr.-Ing. Sebastian Tewes represents the foundry technology in teaching and research at the MfI. This close
link between theory and practice allows a continuous transfer of results into the development and optimization
of innovative processes and plants. The chair has extensive expertise and many years of experience in the areas
of process optimization, database systems, statistical evaluation, process simulation and predictive/prescriptive
analytics. Due to the close cooperation with companies in the foundry industry, the chair MfI has not only the
theoretical background knowledge, but also extensive knowledge in the application and linking of statistical and
machine learning methods in industrial practice. With its dedicated scientific team, the research group has meanwhile established itself as a reliable development partner for industry.

ROBAMAT AUTOMATISIERUNGSTECHNIK GMBH

Multi-zone temperature control device
The advanced temperature control concept massively shortens the cycle times and improves the component quality in
combination with conformal cooling channels and an adapted spray concept. Brief information can be found in the video.
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For more information please visit:
www.robamat.com

EVALUATION OF FEEDERS AND FEEDER MATERIALS

Evaluation of feeders and feeder materials
Sandra Lehmann, Heiko Schirmer, Sven Dommen
The evaluation of feeders is an essential factor in guaranteeing high-quality cast components. Feeders
are designed to prevent the volume loss as castings cool and shrink. Foundries expect feeders to perform
reliably and consistently – in accordance with manufacturers’ specifications. There are currently three
specifications published by the Federal Association of German Foundry Industry (BDG) for evaluating
feeders. For insulating and exothermic feeders, Specification P82 “Evaluating the effectiveness of feeders
in steel casting“ and Specification P83 “Evaluating the effectiveness of feeders in iron casting” apply. A
third specification, P81, specifies procedures for “Evaluating exothermic materials”.
Summary
The first stage in evaluating the properties of feeders involves conducting casting tests at Chemex Foundry Solutions GmbH R&D. This preliminary screening is followed
by module tests to obtain further data for the development
of new feeder formulations. After a feeder material has
been developed, the tests are carried out in accordance
with BDG Specification P81. When comparing the characteristics of the Chemex test procedure with those of
the P81 test procedure, there is no correlation between
burning and casting behavior. Chemex Foundry Solutions
is working together with other feeder manufacturers to develop an improved testing procedure for feeders, which
could also be used by customers.
Test according to P81
Specification P81 lays down procedures for evaluating
the uniformity of the thermal properties of exothermic feeder materials, i.e. the formulation is checked by the manufacturer. The operating principle of the exothermic riser,
on the other hand, is defined by the casting and described
in Specifications P82 and P83. Casting exothermic feeders on cubes or plates allows the modulus to be evaluated, the details of which are then published in the feeder
manufacturers’ catalogues.

It is often generally assumed that Specification P81 can
also be used to assess the performance of exothermic
feeders, assuming a correlation between burning behaviour and feeder performance. However, atmospheric
oxygen is also used for the reaction of the feeder material during burning, whereas during casting in a fully moulded system only the oxygen present in the formulation is
available and these oxygen compounds first have to be
broken down. As a result, burning behaviour and casting
behaviour are two different reaction mechanisms which
do not correlate. This is clear under the scanning electron microscope (SEM) (Fig. 1).
For this reason, manufacturers use casting and corresponding module tests to develop their feeder formulations. It is only after this that manufacturers determine the
ignition, burning and heating times as a temperature-time curve for the production test of the masses according to P81.

Fig. 1: SEM images of an exothermic feeder material, on the left after burning according to P81, on the right after casting on the module cube
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This test is performed with cylindrical standard test bodies. During the test, ignition, burning and heating times
as well as the maximum temperature are determined
by measuring the temperature inside the test body over
time. The position of the thermocouple is standardized.
What does vary are the type of the thermocouple and
the properties of the protective tube which sheaths the
thermocouple. These are the data which influence the
results and are indicated accordingly in the test reports.
The use of heating plates is recommended as a medium
for ignition of the exothermic feeder materials, but ignition
cylinders of a defined composition can also be used. The
method used to ignite the test bodies has been a source
of justified contention.
The mode of operation of exothermic risers is based on
the Goldschmidt reaction:
2Al + Fe2O3 → Al2O3 + 2 Fe (metal + metal oxide →
metal oxide + metal)
This is an exothermic reaction that achieves high temperatures. Triggering the reaction requires activation energy.
During casting, the exothermic feeders are ignited by the
casting metal. In order to reduce the amount of activation energy required, ignition and other oxidizing agents
are added to the feeder formulation. One of the aims of
developing an exothermic feeder compound is to ensure
reliable ignition of the reaction during casting. Burning off
the feeder material in accordance with the P81 Specification requires a correspondingly large amount of activation
energy, which is achieved by heating the material to ignition temperature. In some cases, this is not always reliably ensured when using heating plates, especially with
low-fluorine and fluorine-free feeder materials. Therefore,
the development of alternative ignition devices would certainly be welcomed.
New feeder formulations
Chemex Foundry Solutions GmbH is dedicated to developing new state-of-the-art feeder formulations. For health
and environmental reasons, it is important to increasingly
avoid fluorine-containing active ingredients and to control the reaction mechanisms by means of more suitable
ignition and oxidizing agents (see also Chemex patents
DE0104289 and DE102012213840).

“For health and environmental reasons, it is important to increasingly avoid fluorine-containing
active ingredients”

The performance of the exothermic feeder is also controlled by the use of high-performance refractory fillers,
which enable a good heat balance and thus good insulating properties to be achieved (see also Chemex patents
DE102007012660, DE102011079692, DE102011079692,
DE102015120866, DE102016205960).
For the development of the formulations, numerous casting tests are carried out. One of the first tests is the casting
test according to P14–84 (internal nomenclature). Here,
feeders of a defined geometry, coated in a sand mould,
are cast with a defined iron melt. The temperature within
the melt is measured over time. Pt/Rh-Pt thermocouples,
clad with quartz glass tubes of defined dimensions, are
used for this purpose. This method also uses a defined
thermocouple position. The casting test applies a threefold determination. The feeders are cast with the opening
facing upwards. A substantial volume of heat energy is radiated from the opening, but this is tolerated because this
test setup allows the ignition and the combustion process
within the feeder wall to be observed (Fig. 2).

Fig. 2: Setup of the casting tests according to the Chemex proprietary
method P14–84

The Chemex proprietary P14–84 method is used to determine the parameters relevant for the effectiveness,
such as Tmax, holding time and liquidus-solidus transition. A further advantage of the method is that is also
allows an evaluation of insulating feeder performance. In
accordance with the evaluation of the temperature-time
curves determined as per P14–84, module tests follow in
the next optimization phase of the formulations. Compared to the natural feeder, the feed and shrink hole pattern
of the sawn cubes or cuboids provides information about
the module extension factor and thus the feeding reliability. In both P14–84 and the module tests, the feeders
are evaluated after casting with regard to their reaction
mechanisms and the quality of the reaction, based on
numerous tests including SEM/EDX tests of the feeders.
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Test results
The following section presents selected results of an
exothermic feeder formulation tested according to the
procedure described above. Figure 3 shows the “burning curves” according to P81 of an exothermic feeder
material, marked with “A” as double determination. These
are laboratory samples produced and tested in R&D. The
temperature is measured over time with thermocouples of
type B, Pt30% Rh/Pt6 %Rh (accuracy Class 3 ±4.0 °C or
±0.005 |t|). The thermocouples are sheathed in ceramic
protection tubes (610 Pythagoras) with a defined inner
and outer diameter to prevent damage to the thermocouples.
Figure 4 shows the temperature-time curves of three
R&D samples and five samples from the running production of the exothermic feeder material “A”. For a better
overview, individual measurements are shown in each
case.
Table 1 summarizes the essential characteristics of the
feeder material “A”. A comparison of the production and
laboratory data reveals a positive correlation. Methodological errors include measurement errors caused by the
measurement variations of the thermocouples, the compensating cables between thermocouple and data logger
and the errors caused by the sheathing with the ceramic
protection tube. These errors can be minimized by selecting suitable thermocouples, considering application
temperatures and accuracy classes. In addition, the measurement setup, i.e., thermocouple, compensating cable
and data logger, can be calibrated accordingly. Larger errors are due to how the method itself is carried out, e.g.
by the use of unsuitable thermocouples, unsuitable or unevenly formed protection tubes and uneven drilling of the
holes for the thermocouples.

Fig. 3: Temperature-time curve of an exothermic feeder material
according to P81, double determination of an R&D batch

Fig. 4: Test results for an exothermic formulation, data from three R&D
samples and five production batches of feeder formulation “A”

Using this method, the temperature-time curves of each
exothermic feeder material are determined (Figure 5).
The ignition and firing time parameters serve as set values for control of the running production, while other data
are used to check the reference samples in the event of
complaints.
Having tested the burn-off behavior of organically bound
feeders in accordance with BDG Specification P81 by
means of infrared and/or pyrometer measurement using
equipment from various manufacturers, Chemex decided
not to continue such testing. This method records the infrared radiation emitted by the test body.
Table 1: Test results for an exothermic formulation, data from three R&D
samples and five production batches of feeder formulation “A”
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The emissivity depends on the material, the surface condition, the temperature, the wavelength, and the measurement setup. Refractory fillers have different emissivity
values than metals. Since pyrometer measurements are
point measurements of a few millimeters in diameter on
the surface (usually 1 to 3mm are recommended by the
manufacturers) and the raw materials within the feeders,
both non-metals and metals, are usually in the grain size
range of 0 to 1mm, the measurement result varies within
an unacceptable range depending on which grains are
detected during combustion.

“This method records the infrared radiation emitted by the test body”

Fig. 5: Comparison of temperature-time curves of different
standard exothermic feeder materials according to P81

The possible smoke development depending on the binder system used can also negatively influence the measurement results. Figure 6 shows R&D samples of feeder
material “A” as a three-fold determination. The measurement differences for a multiple determination are not acceptable.
Testing according to Chemex casting method
The Chemex casting method P14–84 for formulation development described above also leads to the recording of
temperature-time curves. The measurements were made
with type B thermocouples, Pt 30% Rh / Pt 6% Rh (accuracy Class 3 ±4.0°C or ±0.005|t|). The thermocouples
are sheathed with quartz glass tubes with defined inner
and outer diameters. EK 40/70 is used as the feeder geometry to be tested. Performance-relevant characteristics
obtained from these curves include Tmax and the time to
1200°C and 1140°C. Since the measurement is carried
out with open feeders, the parameters are not comparable with a foundry casting system. However, the method
does allow the formulations to be compared in order to
gain a first evaluation of the feeding performance. Fig. 7
shows the temperature-time curves recorded during casting according to method P14–84. These are two R&D
batches, each of which was tested as a three-fold determination on two different casting days. Table 2 displays
the key data determined from the curve progressions.

Fig. 6: Temperature-time curves measured by ratio pyrometer,
measuring spot 1mm

Fig. 7: Temperature-time curve according to P14–84, tests
conducted on two R&D batches of feeder formulation “A”
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Figure 8 shows the temperature-time curves of four production batches of feeder “B”. The geometry tested was
EKD 70T, not EK 40/70.
The four production batches deliver comparable feeding
performance within the margin of error. This can also be
seen from the key data in Table 3.

Table 2: Test results for exothermic feeders from R&D
laboratory samples of feeder formulation “A”

Measurement errors caused by the measuring inaccuracies of the thermocouples, by the compensation cables
between thermocouple and data logger as well as by the
protection tube, are also smaller with this method than
any errors caused by systematic methodological errors.
A majority of errors relate to casting temperature and
the feeder filling. Figure 9 shows the temperature-time
curves of various exothermic standard feeders, determined according to the proprietary Chemex casting method
P14–84 to evaluate the feeder performance characteristics.
Fig. 8: Temperature-time curve according to P14–84, tests
conducted on four production batches of feeder recipe “B”

“The comparative testing of the shrinkage behavior on modulus cubes or plates is still the most
illustrative but also the most complex test”
Table 3: Test results for exothermic feeders from four
production batches of feeder formulation “B”

The comparative testing of the shrinkage behavior on modulus cubes or plates is still the most illustrative but also
the most complex test, since in addition to producing the
box and mold, saw cuts are also necessary. The feeding
module is determined by the geometry of the feeder and
by the feeder formulation. Test castings can be conducted to evaluate both the new feeder and a natural feeder,
thereby allowing the module extension factor to be determined in comparison to the natural feeder (see P82 and
P83). For casting tests within the R&D department, cube
tests are carried out with a standardized feeder geometry,
mold production and melt (EN-GJS-400-15).
Fig. 9: Temperature-time curves according to P14–84 for
various standard exothermic feeders
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Fig. 10: Cubes from module experiments, a) natural feeder, module 1.0cm, b) exothermic feeder “A”, module 1.4cm and c) exothermic feeder “A”, module
1.7cm

Figure 10 depicts the results of the exothermic feeder
material “A” in comparison to the natural feeder. The
images reveal that the exothermic feeder “A” has a module extension factor of 1.4 to 1.6.
In addition to simple cube and/or plate trials in R&D to
determine the characteristics of the feeder formulations,
casting is also carried out using different feeder geometries and formulations, e.g., as tele-feeders for comprehensive customer consulting (Fig. 11 and 12).

Conclusion
This research confirms that a variety of tests are required
to evaluate feeder-relevant characteristics and to ensure
reliable and efficient feeder performance for customers.
The development of new feeder materials primarily focusses on casting tests on plates or cubes, followed by
in-foundry casting tests to ensure optimum adaptation to
the casting parameters during customer use. For initial
measurements of the feeder properties, Chemex carries
out internal R&D casting tests according to P14–84. Only
after this pre-screening do we proceed to module tests.
This ensures reliable and efficient data acquisition for the
development of new feeder formulations. Testing not only
determines the performance of the exothermal systems
but also the performance of the refractory fillers to optimize the insulation behavior of feeder materials. Only after
these tests have been concluded is the new feeder material tested according to P81 to document the ignition, burning and heating times for production control and testing
in case of complaints.

Fig. 11: Comparative casting tests of tele-feeders with a
combination of different formulations.

Fig. 12: Comparative casting tests of tele-feeders with a
combination of different formulations.
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EVALUATION OF FEEDERS AND FEEDER MATERIALS

a

As can be seen in Figure 13, the characteristics of the
test methods P81 and P14–84 differ significantly, since no
correlation between burning and casting behavior is exhibited. Therefore, the test according to P81 is only suitable
for testing exothermic masses, but not for testing the performance of exothermic risers. For this reason, Chemex,
together with other manufacturers, is working on the development of an improved test method for feeders, which
could also be used by customers.
The scope of the production evaluation of the feeders and
feeder materials is largely determined by upstream quality measures, such as R&D work during formulation development, specifications of the raw materials used and
incoming goods inspections, as well as the production
parameters. In addition to the production of fluorine-free
feeder formulations, Chemex is also focused on developing new and innovative refractory fillers to ensure optimum feeder quality.

b

Fig. 13: Comparison of temperature-time curves; a) burn-off
behavior according to P81 and b) casting behavior according to
Chemex proprietary casting method P14–84.
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Chemex Foundry Solutions GmbH – Chemex for short
– supplies customers around the world with a wide
range of state-of-the-art feeder systems. The company
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is a 100% subsidiary of the Hüttenes-Albertus Group.
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FOR FAULTLESS BRAKE DISCS

For faultless brake discs: Reliable automatic visual inspection systems from Laempe Mössner Sinto
Dirk vom Stein
Currently, visual inspection is still carried out manually in many foundries, for example during the final
inspection of unfinished brake disc castings before packaging. However, it happens time and again that
casting defects are overlooked, which is understandable in view of the fact that around 40 ventilation
ducts have to be inspected per inspector at 5-s intervals. A blink of an eye at the wrong time can be enough
here. In some cases, this risk of failure is eliminated by double-checking, but the company is burdened
by the additional costs. A way out of this situation can be provided by an automatic inspection system
that evaluates every ventilation duct equally accurately around the clock. By integrating inspectomation,
Laempe has built up expertise in the field of automatic visual inspection over the past few years.

“A way out of this situation can be provided by an
automatic inspection system that evaluates every
ventilation duct equally accurately around the
clock.”

(Fig. 1) for ventilation slot and surface inspection of ventilated brake discs - a high-precision solution with which
the automotive supply industry has already inspected
millions of brake discs for casting defects in the ventilation ducts. Here, the system also finds small defects and
veining and can thus meet the automotive industry‘s increased demands on the quality of supplier parts.

The team at Laempe’s Mannheim site is another important building block on the way to becoming a full-service
provider for core shops with integrated quality assurance.
Visual inspection without cycle time extension detects even the smallest defects
Laempe Mössner Sinto‘s automatic visual inspection
enables customers to make great savings by eliminating manual inspections and ensures objective, reliable
and reproducible high inspection quality around the
clock. The central product is „Laempe CORE-VISION®“
- it inspects cores, core assemblies and molds 100%
inline without extending the cycle time and can detect
even the smallest defects via shadow modulation. With
the „Laempe 3D-FLEXINSPECTOR“ (see back of this
edition of the C.O.M.), three-dimensional data can be
obtained by laser triangulation. It measures distances,
diameters, height differences and other geometric data,
and can recognise and store relief inscriptions. Another
main product is the „Laempe DISC-INSPECTOR®“
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Fig.1: The Laempe DISC-INSPECTOR® system for automatic quality
control of the fan slots of selected raw unfinished brake disc castings.
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Often, an automatic visual inspection takes place both relatively early in the process chain (core and mold production) and relatively late (inspection of raw castings / parts)
in order to be able to detect both random and systematic
defects early and reliably.
The rotor cores are produced in one or more core shooting machines and are already inspected there using
CORE-VISION. They are then automatically inserted into
the molds of the horizontal molding machine. CORE-VISION checks the lower and upper boxes for mold defects
and ensures the presence and completeness of the inserts (cores and casting filters). After the brake discs have
been cast, cooled and unpacked, they are then ground
on the outside and inside diameters before all of them
are automatically inspected on one or more DISC-INSPECTOR lines before being packed. The ventilation slot
inspection often takes place as follows: The brake discs
run into the inspection system with their cup side facing
upwards. There they run against a stopper, are separated by a separating system and pushed into the actual
inspection area so that they are roughly positioned. They
lie on a turntable with a concentric opening ensuring that
the light sources for the front-vented discs can illuminate
the ventilation ducts without obstruction. The brake disc
is finely positioned via a rotatable centering cone that can
be lowered from above and set in rotation with the motordriven turntable. Now the actual recording of the ventilation ducts takes place via the two line cameras - more on
this later.
Several special light sources in LED technology are used
in the inspection unit, which are switched on or off depending on the type in order to illuminate front-vented or
back-vented brake discs of the most varied geometry as
optimally as possible for the inspection.

The image data is transmitted to the image processing
computer where it is evaluated in the Laempe DISC-INSPECTOR® software, which specializes in detecting not
only partial and full caps but also small defects such as
veining and burrs in ventilation ducts. After the images
have been taken, the brake disc can already be transported onwards. Simultaneously with the insertion of the next
disc, the already inspected brake disc is pushed out. Both
discs are conveyed separately so that the discs do not get
caught. This also ensures that the last tested brake disc
does not remain in the test system.
The two-line camera system brings advantages
Thanks to special optics, shadow-free detection of the
full height of the cooling channel from floor to ceiling is
possible. Two line cameras are often used, which allow
shadow-free observation of the left and right walls of the
cooling ducts. Using only one camera always results in a
shadowed area on the duct walls that cannot be captured.
This problem can be avoided by using two cameras aligned so that they look parallel to the left and right edges of
the bars respectively. For brake discs with diagonally running straight or curved ventilation channels or with studs,
the camera units can be positioned individually along the
conveying direction. This means that two different alignments can be checked at the same time for their continuity or for any cross-sectional constrictions. In principle, the
following applies: For optimum detectability, the channels
or alignments to be inspected should be straight - even
the systems from Laempe Mössner Sinto cannot look
around corners (Fig. 2). In the case of curved channels,
however, the amount of light detected by the cameras
can be used to reliably determine whether there are full or
partial closures, but a spatially resolved detection of fine
defects is then no longer possible.

“Several special light sources in LED technology
are used in the inspection unit.”

Fig. 2: Examples of testable duct geometries and concealed internal
areas (light grey).
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Additional triangulation-based 3D inspection
Here, 2D channel inspection can be advantageously
combined with 3D imaging methods to improve inspection performance in the channel area or to be able to
inspect additional criteria of the disc quality.
In this way, a significant enlargement of the detectable
and evaluable structures can be achieved in the outer
areas of the disc, see Fig.3.
Some Laempe Mössner Sinto customers use triangulatory 3D inspection of the initial pick-up area on the outer
diameter by means of the laser line light section method
- to detect surface defects such as blowholes (gas blister), pores and other flaws as well as excess material
caused by shape defects.

“In the development of the ventilation slot inspection systems, Laempe Mössner Sinto places great
emphasis on the ability to integrate them into
existing systems.”

The light-sectioning unit can also be automatically moved to the optimum inspection position with regard to
the respective brake disc type by means of a special
traversing unit. The inspection takes place parallel to the
silhouette process, is synchronized with it and processed in the image processing computer.

Fig.3: Extension of the inspection performance of the 2D inspection
in the cooling channel (yellow) by the 3D inspection based on
triangulation (green).

This runs as it would without the inspection system, because the integrated handling system itself takes care of
the necessary separation. The system is delivered with
its own PLC (or SPS). This reduces the integration effort
considerably. Apart from an emergency stop link and,
depending on the customer‘s wishes, a few signals,
nothing more is needed to integrate the system into the
production flow.

In the development of the ventilation slot inspection systems, Laempe Mössner Sinto places great emphasis on
the ability to integrate them into existing systems. The
modular design of the Laempe visual inspection systems makes it possible to install the inspection system
without changing the existing part flow.

Author:
Dirk vom Stein
Head of Image Processing
at Laempe Mössner Sinto
pr@laempe.com

About Laempe Mössner Sinto GmbH
Laempe Mössner Sinto is the global leader in core shooters for the foundry industry and covers with its comprehensive product and service portfolio all areas of modern core making technology. The German company is a
complete solution developer headquartered in Saxony-Anhalt Barleben / Meitzendorf. At this state-of-the-art production site and its offices in Schopfheim and Mannheim the company employs a total of around 300 employees.
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Effizienz
ist der Schlüssel ...
... zu geringeren Stückkosten.
Die Produktfamilie LHL ist für den Dauerbetrieb konzipiert und besticht durch
hohe Maschinenverfügbarkeit, geringe Energieverbräuche sowie kurze Taktzeiten.

Mehr unter www.laempe.com/produkte

Laempe. Der Kern.
Durch den Einsatz innovativer Technologien sorgen die Kernschießmaschinen von
Laempe Mössner Sinto für die niedrigsten Stückkosten pro Kern. So definieren wir bei
Laempe Mössner Sinto Effizienz.

INTERNATIONAL FAIRS

2021

Metal + Metallurgy China Shanghai
26. - 29. May 2021
Metal and Steel Industry Fair
www.mm-china.com

3D Print Congress & Exhibition Chassieu
15. - 17. June 2021
The Leading Additive Manufacturing Event
in France
https://www.3dprint-exhibition.com

METEF Bologna
21. - 23. June 2021
International Trade Fair for Metal
www.metef.com

AISTech Nashville/Tennessee
29. June - 10. July 2021
Steel’s Premier Technology Event
www.aist.org

InterMold Thailand Bangkok
23. - 26. June 2021
Exhibition on Mold & Mold Components
Making Technology
www.intermoldthailand.com
As matters stand in May 2021 and depending
on the Corona situation, please look on the
respective website
– postponements are possible!
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TCT 3Sixty Birmingham
29. June - 01. July 2021
3D Printing and Additive Manufacturing
www.tct3sixty.com

Aluminium China Shanghai
07. - 09. July 2021
Trade Fair and Congress of the
Aluminium Industry
www.aluminiumchina.com

Fond-Ex Brünn
13. - 17. September 2021
International Trade Fair for Foundry Industry
www.bvv.cz

ALUMINIUM 2021 Düsseldorf
28. - 30. September 2021
The World‘s Leading Trade Fair for
Aluminium and its Application Industries
https://www.aluminium-messe.com

EMO Mailand
04. - 09. October 2021
The World Machine Tool Exhibition
www.emo-milan.com

International Metal Technology (IMT) Jakarta
13. - 15. October 2021
International Fair for Casting Technology
and Foundry Products
https://imt-indonesia.com/
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Metal Kielce
19. - 21. October 2021
Exhibition for Foundry Technique
www.targikielce.pl

Metal Expo Moscow
09. – 11. November 2021
International Industrial Exhibition
www.matel-expo.ru

Addit EXPO 3D
24. - 27. November 2021
International Industrial Forum in Kyiv
www.iec-expo.com.ua

CastForge Stuttgart
21. - 23. June 2022
Trade Fair for Castings and Forgings
with Processing
https://www.messe-stuttgart.de/castforge/

Moulding Expo Stuttgart
21. - 23. June 2022
Exhibition for tool, pattern and mould making
www.messe-stuttgart.de

Ankiros Istanbul
06. - 08. October 2022
Trade Fair for Global Integration of Metals
www.ankiros.com

2022

Euroguss Nürnberg
18. - 22. January 2022
International Trade Fair for Die Casting:
Technology, Processes, Products
www.euroguss.de

IFEX Chennai
20. - 22. January 2022
International Exhibition on Foundry Technology,
Equipment, Supplies and Services
www.ifexindia.com

Turkcast Istanbul
06. - 08. October 2022
International Fair for Foundry Products
www.turkcast.com.tr

2023

Gifa, Metec, Thermprocess Düsseldorf
12. - 16. June 2023
GMTN - The Bright World of Metals
www.thermprocess.de
www.metec.de
www.gifa.de
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Whether student or engineer
Whether scientist or user
Whether university professor or investor
HERE YOU CAN FIND WHAT YOU’RE LOOKING FOR
GIESSEREILEXIKON.COM is worldwide the most extensive
tool based on German technology standards and available in
the English and German languages.

3D-FLEXINSPECTOR, Laempe
Mössner Sinto GmbH
www.laempe.com

CONTACT
FOUNDRY TECHNOLOGIES
& ENGINEERING GMBH

SALES & MARKETING
+43 664 3148044
regina.hasse@fte-foundry.com

+41 52 620 10 56
info@fte-foundry.com

FOUNDRY-LEXICON.COM

office@ident-it.at
ident-it.at

