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Metallurgical Coating to Reduce Graphite
Degeneration at the Surface Zone of Compacted
Graphite Iron Castings
The Future of Structural Components in HPDC

EDITORIAL

Dear readers,
In this issue you can expect two detailed articles with very
different content. On the one hand, the development of
metallurgical coatings to reduce graphite degeneration in
the surface area during the production of cast iron parts
with vermicular graphite is described. On the other hand,
it clearly shows how the automotive mass market can be
opened up for structural components with high pressure
die-casting solutions.
In connection with the tightening of legislation regarding
the reduction of emissions from internal combustion engines, there is an increasing trend towards the use of
cast iron with compacted graphite in automotive castings,
especially in cylinder blocks, in order to enable higher
boost pressures and to reduce the overall component
weight. The design options for GJV castings are currently
limited by the fact that the vermicular graphite in the rim
zone of the casting can degenerate into a layer of lamellar
graphite. The mechanism by which the defect occurs is
described and it is demonstrated how metallurgical coatings can reduce or completely avoid this defect.
While structural components offer a stiffer, yet lighter solution desired by automakers, their cost has limited their
use. Structural components are currently mainly found in
sports cars, luxury vehicles, SUVs, and the upper middle
class. Smaller production quantities are also economical
here.

These technological advances will open up opportunities
for die casting worldwide. If the value chain from die casting machine manufacturers to foundries and automobile
manufacturers work together, this can become a reality.

In 2018, the demand for these large, complex components such as spring struts and side members covered
almost 6 million automobiles, with several structural components being installed per vehicle in many cases.
But the economic basis of the die casting process is changing. In recent years, the cost of structural components
has fallen by 20 percent. According to forecasts, this area
of application will expand to around 9 million vehicles by
2025.

Dr.mont. Stephan Hasse

I wish you many new insights while reading and look forward to your opinions and suggestions for the next issues
of Casting Online Magazine.

Foundry Technologies & Engineering GmbH
Publisher of www.giessereilexikon.com

Our Cover Picture
At a time when reliable CT inspection is an essential part of industrial applications, a new force is
entering the inspection routine! YXLON is developing a new CT system that is flexible, upgradable,
reliable and fast.
Thanks to the strength and reliability of this CT inspection system, you benefit from: – 450 kV for
very dense and large components – Line and/or flat panel detector for maximum flexibility – More
yield thanks to reliable at-line inspection with different CT techniques.
We will present you with a detailed article about the new YXLON UX50 high-performance CT inspection system in the next issue of Casting Online Magazine.
Source: YXLON
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METALLURGICAL COATING PAPER

Metallurgical Coating to Reduce Graphite
Degeneration at the Surface Zone of Compacted
Graphite Iron Castings
Introduction
With tightening emission legislation for combustion engines, there is an increasing trend for the wider adoption
of Compacted Graphite Iron (CGI) for automotive components, specifically blocks - to enable higher combustion
pressures and reduce overall component weight. Currently, component design in CGI is limited by the reversion or
degeneration of the compacted graphite (CG), resulting in
a layer of flake graphite (FG) in the rim zone of the casting
[1, 2]. An example of the microstructure of a CGI casting
rim zone with CG degeneration is shown in Fig. 1.
This defect commonly occurs in ductile iron (DI) and
compacted graphite iron (CGI) grades of cast iron. The
average thickness of the degenerated layer for thin wall
DI castings ranged from 0.15 to 0.45 mm, while for CGI
it ranged from 0.7 to 2.5 mm [3]. It was reported that a
0.1 to 3.0 mm thick degenerated graphite layer often
occurs on ductile iron casting depending on the casting
wall thickness and cooling rate [4]. The presence of this
degenerated layer of graphite significantly reduces the
mechanical properties (fatigue limit, elongation, etc.) of
the component in the area where it occurs [2, 5]. Controlling the degeneration of CG at the surface rim zone
requires an understanding of the effects of melt chemistry,
melt temperature, cooling and solidification rates and the
interaction between the metal and the mould/core surface. The assumption is that the direct cause of graphite
degeneration, resulting in a layer of FG as seen in Fig. 1,
is the depletion of magnesium (Mg) at the surface layer of
the casting. This is due to the reaction of Mg with sulphur
and oxygen present in the moulding materials and/or in
the mould atmosphere. The reactions are
[Mg]
[Mg]

+
+

[S]
[O]

→
→

MgS(s)
MgO(s)

These processes occur in the vicinity of the mould/core
wall.
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Fig. 1: Compacted graphite reversion layer of flake graphite at
the rim zone in a CGI casting

Another mechanism for the formation of CG degenerated
layer at the rim zone is the influence of solidification kinetics effects (larger undercooling at the interface). Large
undercooling at the mould/metal interface favours the
precipitation and growth of austenite dendrites that rejects
Mg at the solidification front. This leads to low Mg and
flake graphite structure at the rim zone close to the metal/
mould or core interface with higher nodularity zone further inside the bulk of the castings [2, 6]. According to ISO
16112-2006-08-01, CGI shall have a minimum of 80%
of the graphite in vermicular form (form III in accordance with ISO 945), and the remaining 20% of the graphite
particles should be of form VI or form V in accordance
with ISO 945. Flake (lamellar) graphite (form I and form II
according to ISO 945) is not permitted, except within the
surface rim zone of the casting [7].
With the mechanisms of formation of degenerated graphite highlighted, its formation reduction may be achieved by
reducing the extent of Mg depletion at the interface region
and decreasing undercooling at the mould wall. Foundry
coatings are generally applied to improve the surface finish of castings and prevent the occurrence of surface
defects on castings [8, 9, 10], but do not prevent the occurrence of degeneration of CG to FG. However, it has
been reported that specially formulated foundry coatings
have been used to reduce the occurrence of this defect by
applying about 0.20 – 0.25 mm dry layer thickness of the
coating on the moulds or cores containing 0.02% sulphur
[11]. Riposal et al, [4] reported the use of coatings based
on desulphurizer (Al2O3, CaCO3, Basic slag, CaF2,
Talc), and sinterable materials expected to act as protective layers for the reduction of the occurrence of the
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defect. Surface layer has been significantly reduced by
CaO coatings, due to its reaction with SO2 and its desulphurization activity. From their findings, they concluded
that mold coatings based on the generation of desulphurization agents (such as CaO or MgO) are more effective
than protective coatings. Boonmee and Stefanescu also
applied mould coatings as a means of reducing the degeneration of the CG to FG [12]. In their study, they used
three types of coatings namely, inactive coatings (mica
based, zircon based and boron nitride) – coatings that are
completely inert with respect to the melt, active coatings
(ferrosilicon and graphite) – coatings that alter the local
chemistry of the melt and reactive coatings (CaO, MgO
and FeSiMg) – coating that have a chemical reaction with
the melt, such as deoxidation and desulphurization. They
found out that various coatings have influence on the degeneration of the CG to FG at certain various conditions.
They further concluded that the coating made with FeSiMg was the most effective in reducing the degenerated
CG layer thickness of iron of eutectic composition at all
cooling rates investigated in their work. It was observed
by the authors that most of the filler materials used by the
above mentioned researchers are not compatible with the
universal carrier liquid, water.
The main objective of this paper is to highlight the performance of a newly developed water-based coating, ACTICOTE CG800 (CG800), produced by FOSECO. This
coating is used to mitigate the degeneration of the CG to
FG, in CGI castings. The performance of this new product
is based on the synergistic effect of insulation and optimized permeability provided by the coating.

Coating Technology
The coating part of the research involved the analyses of
the raw materials using advanced technologies. From the
results of the analyses, the formulation and production of
a couple of coatings were carried out. This is followed by
the processing and characterization of the produced coatings identified as A, II, III, IV and CG800. Then, benchmarking of the new product (CG800) with other commercial coatings (identified as B, C, D, E, F and G) used for
the same application.
The coating was formulated based on the addition of controlled specified amounts of the following constituents: Liquid carrier, refractory filler materials, binder, suspension
and dispersing agents, additives like biocides, antifoaming agents, etc. [9] as illustrated in Fig. 2.
In order to determine the presence and source of sulphur,
the sand used for making the cores, a filler material (with
presumed high S content) used in the coating and the
coating were analyzed for sulphur content using LECO
chemical analyzer. The sulphur analysis results are
shown in Fig. 3. The sulphur (S) content of the cold box
sand and the coating are not significantly different from
that of the casting. However, the filler showed a relatively
high sulphur content but this did not reflect on the amount
of S in the coating. This is due to a careful balanced ratio
addition relative to the major filler in the coating.

Experimental Procedure
The experimental part of this paper is divided into two
sections namely Coating Technology and Casting Technology

Fig. 2: The coating components [9].
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Fig. 3: Sulphur content analysis results from the core sand,
ACTICOTE CG800 (CG800), Graphite filler and the casting.

The thermal conductivity of some selected coatings was
tested using the Anter Thermal Diffusivity apparatus in
Vesuvius Pittsburgh, R&D Centre in the US. The results
(Fig. 4) show that Coating A has the lowest thermal conductivity at 1000 °C (considered of interest because it is
closer to the melting temperatures) followed by CG800
compared with the other coatings tested. This is expected as Coating A has the coarsest particle size distribution
from the particle size distribution (PSD) analysis performed on the coatings (results not shown). A low thermal
conductivity (insulation) balanced by other properties
such as optimum permeability and high refractoriness
(Fig. 4), could be some of the reasons why CG800 performed better than all the other coatings used in the preliminary trials (screening tests).

The thermal behaviour of CG800, the major filler material
used and a modified version of CG800, PID2-20, was
analyzed with a heating microscope to determine the characteristic temperatures corresponding to the changes of
the shape and the cross-section area of the samples as
they are heated. The changes in shape and cross-section
of test samples are described by different temperatures
namely DT – Deformation temperature (of maximum sintering), ST – Spherical temperature (of initial softening),
HT – Hemispherical Temperature (of melting) and FT –
Flow Temperature (of flowing) [13]. Further description
of these temperatures can be found in ISO 540:2008(E)
[14]. The higher these temperatures are, shows the more
refractory the material tested is. Two other commercial
coatings (D and F) were included in the thermal analysis
programme. The results are presented in Fig. 5.
From the results it can be seen that the pure filler material,
is more refractory compared with CG800 and PID2-20
and the commercial coatings from their HT temperatures.
CG800 has a thermal behaviour similar to that of the filler
material, from the shape of the changes occurring on the
samples. However, with a slight modification of the filler
materials in CG800, the thermal behaviour changed significantly, as can be seen in sample shapes of PID2-20.
The refractoriness decreased from the DT-deformation
temperature up to HT-hemispherical temperature relative
to those of CG800. The PID2-20 sample has similar shapes with those of the commercial coatings across all the
temperatures. From the transition temperatures, CG800
has comparable refractoriness with the commercial coatings, D and F. The thermal behaviour of CG800 from the
transition shapes being different from those of the other
coatings could also be one of the reasons for having performance edge over the commercial coatings. This will be
investigated further, because the observed transition shapes are not common with heating microscope samples.

“The thermal conductivity of some selected
coatings was tested“
Fig. 4: Thermal conductivities of selected coatings at different
temperatures.
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Fig. 5: Heating Microscope images of five samples without thermal expansion properties. Temperatures: Start, DT-deformation
temperature, ST-spherical temperature, HT-hemispherical temperature.
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The CG800 coating was processed and analyzed alongside some other commercial coatings to determine their
foundry application properties. The results obtained
(Table 1) showed that the coatings are stable and met the
application specifications required by foundries.

“The section thicknesses investigated are 45, 20
and 5 mm“

Table 1: Foundry coating application properties

Casting Technology
To investigate the behaviour of the different coatings under practical conditions several coating-casting trials were
carried out. The casting technology involved the modelling
and simulation of the casting process with a commercial
software to optimize the geometry for making the tooling.
Two simulation results are shown in Fig. 6 showing complete filling and uniform solidification of the hollow cylindrical castings with three different wall thicknesses.
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Based on satisfactory simulation results, the tooling
(Fig. 7) was produced by an external pattern maker. The
casting layout shown in Fig. 7, is used to make all the
pilot plant trials. This layout ensures that the filling of the
casting cavities is done at the same melt temperature,
pouring time and melt quality (chemical composition).
This layout is robust in that it provides the opportunity to
investigate 5 different coating recipes and 3 different casting section thicknesses per casting in one mould. The
section thicknesses investigated are 45, 20 and 5 mm
identified as X, Y and Z respectively. These different wall
thicknesses ensure different contact times between the
cores (coatings) and the cast iron melt before it solidified.
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(a) At the end of filling
Fig. 6: Simulated temperature fields in castings at diferent times.

(b) At the end of solidification

The core is cylindrical in shape with a height of 210 mm
out of which 40 mm at the base and 20 mm at the top are
core prints with average diameter of 75 mm. The cores
are coated by dipping in the coatings which have been
diluted and ready for application to achieve a dry layer
thickness of around 200 μm. The coated cores are dried
in an oven at 120 °C for 2 hours (Fig. 8a). The proud layer
thickness of the coating (top layer) and the coating penetrated thickness of the core (penetrated layer) is clearly
obvious in Fig. 8b.

The melt chemical composition is presented in Table 2
and the Sintercast modification index is in the range of 38
– 39 for the various trials. This shows that the melts used
for all the trials were consistent in quality and satisfies the
calibrated Modification limits, from 38 to 46, required to
achieve the microstructure, properties and soundness in
the heavy-duty blocks with Sintercast process technology
[15]. The casting trials were conducted in a foundry, producing compacted graphite iron castings, according the
test programme in Table 3, using the SinterCast process.
Fig. 7: Casting layout and the tooling used to produce the castings
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*Total Carbon (TC) – By Thermal Analysis of Base iron, Remainder by spectroscopy of final poured metal.
Table 2: Chemical composition of the melt used for the casting

(a) Drying coated cores in an oven
Fig. 8: Processing the coated cores

(b) Showing top and penetrated layers

Results
The results were judged based on the performance of
the coatings in reducing the layer of compacted graphite (CG) degeneration to lamellar graphite (LG) at
the rim zone of the castings. This performance is evaluated from the microstructures of the castings from
various selected trials to compare the performance of
ACTICOTE CG800 (CG800) and other commercial
coatings used for the same application. The results
will be presented according to the content sequence
in Table 3. However, the bulk microstructure from selected castings are presented in Fig. 9. It can be seen
that the bulk microstructure exhibited typical compacted graphite structure.

Table 3: Selected casting trials test programme
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From Figs. 10 and 11, it can be seen that the coatings
showed different performances on different section
thicknesses in the reduction of degenerated CG layer.
From the microstructures, it is obvious that the layer of
degeneration of the CG to FG is section dependent.
The defect increases with increasing casting section
thickness. This is in agreement with the findings of other researchers and is attributed to the longer solidification and cooling times in the thicker sections [7, 12].
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From these figures, it is also clear that the microstructures
of the thin section, Z=5 mm, contains uniformly distributed
tiny nodules of similar size and distribution. No difference
is observed from the effect of the applied coatings. This
shows that the solidification of the casting in this thin section was rapid and controlled by the solidification kinetics.
There was no time for any diffusion of sulphur or oxygen
into the melt surface.
Based on the results obtained from the comparative study
of the performances of the coatings, Coatings A and
CG800 exhibited more positive results relative to the other coatings. Hence, they were subjected to a further trial
(confirmatory performance test) to ensure the repeatability and reproducibility of their performances. At this stage
further investigation of the Z section (5 mm thin section)
was dropped, since the coatings have no effect on this
section. Further reports of the results will only focus on
the 45 and 20 mm section thicknesses.
The results of the confirmatory trial test for Coatings A
and CG800 in two replicates each (1 and 2) presented in
Fig. 12, show that the performances of the two coatings
are consistent in both replicates. Both coatings showed a
degeneration layer of less than 200 μm. However, CG800
showed a superior performance over Coating A.
ACTICOTE CG800 and Coating A were benchmarked
a couple of times with other commercial coatings for the
same application, and the results from a selected benchmark trial are presented in Fig. 13. As can be seen,
CG800 performed slightly better than the other coatings.
However, because the distinction in the performance of
CG800 relative to the other coatings in this trial is not very
clear, a further confirmatory benchmark test was performed. The results from this test are presented in Fig.14.
In Fig. 14, CG800 clearly showed superior performance
compared to the other commercial coatings. Based on
the results of this trial, it was decided to try ACTICOTE
CG800 in a foundry that produces large volumes of CGI
engine blocks and cylinder head castings.

A

III

CG800
Fig. 9: Bulk microstructure from the X-section of three selected castings.

ACTICOTE CG800 and three other commercial coatings (A, D and F) were applied on the cores used for
the production of water jackets and cylinder heads castings in CGI. After the production of these two products,
some samples were collected and investigated for their
microstructure evolution at the rim zones. The results
for the layer of CG degeneration to FG are presented in
Fig. 15. From the figure, it is clear that ACTICOTE CG800
can be applied for the production of CGI castings with significantly reduced CG degenerated layer (less than 150 μm).

“This is in agreement with the findings of other
researchers and is attributed to the longer
solidification and cooling times in the thicker
sections“
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Fig. 10: Interfacial microstructure of the three sections (X, Y & Z) of the castings made with 5 diferent coatings (A, II, III, IV & CG800)
on cores from the comparative study.

Fig. 11: Effect of the coatings on the layer of degeneration
of CG to FG at the surface rim zone of the diferent section
thickness of the castings from the comparative study.
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Fig. 12: Effect of the coatings on the layer of degeneration
of CG to FG at the surface rim zone of the X and Y sections
of the castings from the confirmatory test with Coating A
and CG800 in two replicates (1 and 2)
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Fig. 13: Effect of CG800 and some selected commercial coatings
on the layer of degeneration of CG to FG at the surface rim
zone of the X and Y sections of the castings from benchmark
trial.

This is due to the minimal sulphur content in the coating
and insulation properties of the coating coupled with its
higher density compared with the other coatings. ACTICOTE CG800 is a water-based coating applied on the
cores by dipping method. The coating has stable application properties. The application of the right layer thickness of ACTICOTE CG800 on cores will significantly reduce the degeneration of the compacted graphite at the
rim zone of castings of various thicknesses to the barest
minimum. This will improve the mechanical properties –
tensile and fatigues properties, at the rim zone of castings
leading to the reduction of machining allowance and reduction in energy consumption thereby saving cost.
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optimization. Our solutions allow foundries to reduce casting defects. Hence the Foseco products
reduce labor-intensive fettling and machining, minimize metal usage requirements, influence the
metal solidification process, and automate molding and casting, thus reducing cost, energy usage and mold size.
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The comprehensive range of foundry consumables
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direct pour technology, solidification simulation
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THE FUTURE OF STRUCTURAL COMPONENTS

The Future of Structural Components in HPDC
Hermann Jacob Roos, Martin Lagler, Luis Quintana

TAKING DIE-CAST STRUCTURAL COMPONENTS INTO THE MASS AUTOMOTIVE MARKET
The continuing quest for lighter-weight components in the automotive industry has seen the emergence
of a lucrative new market for die casting: structural components. The demand for these large, complex
components, such as shock towers and longitudinal beams, was estimated to cover just under 6 million
cars in 2018, many with multiple structural components. Current usage is predicted to grow to nearly 9
million cars by 2025.3 But whilst these structural components offer a more rigid, lighter solution that car
makers want, the cost for longer production runs has so far limited adoption to sports cars, luxury cars,
SUVs and quality D segment saloons, where smaller runs make economic sense. But the economics of
high pressures die casting are changing.
Over the past few years, the costs of structural components have dropped by as much as 20 percent. This
paper shows how a combination of advanced thermal
management, the use of new alloys and careful product
design could drive down production costs even further.
Hereby die-cast structural components get more cost-effective for the mass car market. With new car production
predicted to hit the 110 million vehicle mark in 2023 [1],
and with between two and six structural components per
car, these technological advances could potentially transform the opportunity for die casters around the world. If
the manufacturing chain – from die-casting machine manufacturers, to foundries and OEMs – work together, it will
be possible.
WHY ARE DIE-CAST STRUCTURAL COMPONENTS
SO ATTRACTIVE TO THE AUTOMOTIVE INDUSTRY?
Die-casting foundries around the world are seeing fundamental changes in the automotive industry that are
profoundly affecting the industry. Consumer demand and
environmental regulation is driving significant changes in
the kind of cars people want to drive and how they want
to use them. Electric mobility is developing at a fast pace,
with global sales more than doubling, from around 2 million in 2017 to 5.1 million in 2018 [2].
Every car manufacturer is focused on producing more
sustainable vehicles – preferably at a lower cost. And a
key element in reducing fuel consumption, extending battery range or reducing emissions, is in making cars that
weigh less. This is the motivation that is fueling the growing demand for structural components.
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THE ROLE OF DIE-CASTING TECHNOLOGY IN VEHICLE WEIGHT REDUCTION
Die casting large structural components is a proven route to reduce weight in vehicles. Die casting in aluminum
alloys delivers exceptional strength and good formability,
but with less weight than traditional steel structures.
This drive for lighter weight is independent of powertrain
selection. As debates over the best sustainable motoring
solutions rage, from ICE, PHEV, HEV, EV even hydrogen,
and consumer attitudes and regional and local regulation
skew demand across markets, investing in the production
of structural components is a clear strategic solution for
many die-casting foundries.
Pioneered in the German luxury car market, die-cast
structural components are now being used in wider categories of vehicle, for a range of applications. (Fig. 1).

“This move to die casting structural components
is gathering momentum around the world”

Casting Online Magazine 2022 | 02

Fig. 1: Current usage for structural components in the automotive market

AN IMPORTANT APPLICATION FOR DIE CASTING
S sport coupés and F segment luxury cars currently use
the widest range of die-cast structural components, including front and rear shock towers and longitudinal beams
designed for the dissipation of crash energy. The Jaguar
I-PACE actually uses 15 structural components on each
vehicle. E segment executive cars and J segment sports
utilities use die-cast components in shock towers and rocker rein enforcements. Mercedes C-class is perhaps the
highest volume user, with around 400,000 cars sold each
year. D-segment large cars use die cast parts for front
shock towers and tunnel reinforcement.
This move to die casting structural components is gathering momentum around the world. Bühler analysis of this
current available market, conducted by global consulting
firm, Roland Berger (Fig. 2), shows growth in units is predicted to almost triple in the 10 years from 2015 to 2025,
from 3.3 million units to 8.9 million. [3] The study takes
into account the currently known production starts of the
OEMs. New platforms could further increase the demand
for structural components.

Fig. 2: Predicted growth in current structural components, 2015 to 2025
Much of this growth is predicted to come from the E segment and D
segment car market, and J segment sport utility vehicles.
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THE POTENTIAL FOR MASS MARKET ADOPTION
The current reality is that while the investment costs for
tools are low compared to other processes, the die casting mold are subjected to considerably more wear which,
in turn, increases the tool maintenance costs for longer
production numbers. This currently makes overall unit
costs too high to break into the C segment medium car
market, or smaller mass market cars.

Bühler analysis shows that achieving cost savings that
allow a breakthrough into the C segment market, together with greater adoption in existing car segments,
could be a game-changer for the industry (Fig. 3), expanding the market from six million cars today, to over
25 million by 2030.
So the question is, what advances and techniques
could be deployed now, with current technology,
which would enable die-casting to break the cost
barrier to mass market adoption?

Fig. 3: Potential structural component market growth with production cost savings

THREE TECHNOLOGICAL ADVANCES WITHIN OUR
GRASP
Using application knowledge gained across Europe, China and North America, Bühler has identified three areas
where application-specific developments could deliver
the production cost-savings the industry needs:
1.
2.
3.

17

Thermal Management
Alloy Selection
Lightweight Construction by Product Design

Using an advanced 4,400 ton machine, and assuming
an application with two cavities with a three-plate tool,
calculations show that using advanced techniques to
reduce cycle times and improve die lifetimes will deliver
significant cost reductions.
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1. IMPROVING PRODUCTIVITY THROUGH THERMAL
MANAGEMENT
Thermal management is a key element in cycle times, die
life and part quality. Improving thermal management in an
existing process can therefore deliver improvement in all
three of these areas.

“Thermal management is a key element in cycle
times, die life and part quality”

A combination of improved thermal balance and the addition of targeted micro-spraying, together with optimum
cell layout, can reduce cycle times for a typical structural
shock tower by a third, from 90 seconds to just 60 seconds (Fig. 4).
A well designed temperature concept allows the use of
micro-spraying. This leads to a shorter solidification time
and a significantly shorter cycle time. Productivity and
quality are also improved.
Improved thermal management also puts less wear on
the die casting mold, extending die lifetime. In this example, it is calculated die lifetime could increase from 80,000
to at least 120,000 cycles, an improvement of 50 % or
more. This is a significant advantage for mass market
production.
And this fine-tuning of the thermal process avoids hot
spots and reduces shrinkage porosity - improving partquality. This could reduce scrap rate from 5% to 3%, once
again reducing overall production costs.

Fig. 4: How better thermal management
can reduce cycle times by up to a third

Cost savings for a typical shock tower
This combination of cycle time reduction, extended die life
and scrap (casting defects) reduction, even with the need
for some additional tooling, has the potential to reduce
unit production costs by 10 % – an important first step in
achieving an acceptable cost for mass market adoption
(Fig. 5).

“A well designed temperature concept allows the
use of micro spraying”

Fig. 5: Cost reduction using improved thermal management
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2. USING NEW ALLOYS TO REDUCE PROCESS
STEPS
Many of the structural components currently being produced with high pressure die casting play an important role
in safety or crash damage mitigation. To meet the specific
material requirements for crumpling on impact or absorbing crash energy in addition to functional requirements,
there is a very high mechanical specification.
At the moment, these characteristics are achieved with
special alloys that often require heat treatment and
straightening. This is carried out after the part is cast, later
in the process. In some cases, straightening requires expensive manual reworking.

Fig. 6: Possibilities of different alloy systems for Structural components.

New alloys are constantly emerging that could deliver
comparable or superior mechanical properties with reduced heat treatment requirement, or indeed, cut out the
heat treatment process step altogether (Fig. 6).
Alloys for structural components with high requirements in elongation and strength
Of course, any new alloy system will need to be approved
and verified for the specific application, but the potential
for improved quality and reduced costs is clear (Fig. 7).
Indeed, in this example, there is the potential to reduce
costs by a further 10 %, on top of the thermal management savings achieved in step 1.
3. DESIGNING FOR WEIGHT SAVING
The drive towards die-cast structural components is motivated by saving weight.
Structural components cast in aluminum alloy today have
an average wall-thickness of 2.5 mm, with material concentration around connection points and ejector marks.
By contrast, with careful design of the part and the casting
process, the same components can be produced with a
wall width of just 1.8 mm. This can deliver up to 20 % savings in overall weight.

Fig. 7: Potential cost savings from new alloys

Of course, the level of achievable weight reduction is limited by structural integrity, which depends upon the loads
and stresses on each part when in use, in a vehicle. Using
the shock tower example, intelligent design could reduce
the weight of by 10 %, from 4,000 g to 3,600 g.
As well as helping to meet the argument for die-casting
based on weight reduction, this would further reduce production costs by 4 % (Fig. 8), whilst creating a more sustainable product.

Fig. 8: Cost saving potential by light weight design
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An award-winning example of weight reduction
In 2018, the 1st prize at Euroguss for the optimized design
of a casting, went to a part which incorporated a weight
reduction of 19 % compared to the functionally identical
part of the previous model.[4] This was achieved with a
high-strength, highly flowable alloy in combination with
a strength-optimized T6 heat treatment. The thin-walled
design also saves a significant amount of material, thus
contributing to a sustainable value chain.
AN OVERALL COST REDUCTION OF OVER 23 %
In this example, fine-tuning thermal management, introducing new alloys and redesigning the shock tower to optimize weight and production has reduced the unit cost of
each part from 28 € to 21.50 €, an overall cost reduction
of just over 23 %.
Crucially, that could be enough to make this an attractive proposition for C segment medium cars, opening up a
lucrative volume market for die-casting foundries worldwide.

A POWERFUL ARGUMENT FOR APPLICATIONSPECIFIC COST-REDUCTION PROGRAMS
This paper describes a theoretical cost reduction program
for a typical shock tower and makes a powerful argument
for fine-tuning products and processes to reduce costs
and improve quality.
At Bühler, investment in Industry 4.0 technology, AI,
SmartCMS and world-class digital services like Predictive
Analytics and Downtime Analysis are designed to enable
customers to continually refine processes for ongoing improvement.
But every part has unique characteristics. Every application has specific parameters. And every foundry sets
up and approaches cells differently. To make applicationspecific cost-reduction programs work, it’s essential that
car companies, OEMs, product designers, foundries and
die-casting machine manufacturers all work closely together to achieve the break-throughs that will serve the
automotive industry – and sustain the die-casting industry
– for many years to come.
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About Bühler
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.
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Meet us at
Euroguss
in Nuremberg
Hall 7 - 2120

Start your digital
journey today, with the
Bühler digital
services.
Keep on top of your die-casting
operations.
The Bühler Insights Die Casting Dashboard
displays real-time data, customized for
you. With this you are able to keep an eye
on your die-casting machine, foundry and
plant. Supported by the right information,
your operators, production managers and
technologists will be able to better improve
OEE.
Our experienced team helps you set-up the
Dashboard according to your needs.

This is how your Die Casting Dashboard could look like.

Want to discuss in detail?
Get in touch on die-casting@buhlergroup.com

Innovations for a better world.
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INTERNATIONAL FAIRS

2022

IFEX, Mumbai Indien
22. – 24. April 2022
17th Intern. Exhibition on Foundry Technology
www.ifexindia.com

Castexpo & Metalcasting Congress,
Columbus Ohio, USA
23. – 26. April 2022
www.afsinc.org

Metal + Metallurgy, China Shanghai
18. – 21. Mai 2022
Messe der Metall- und Hüttenindustrie
www.mm-china.com

AISTech, Nashville, USA
Voraussichtlich Juni 2022
Fachmesse für Eisen und Stahl
www.aist.org

As matters stand in February 2022 and depending on the Corona situation, please look
on the respective website
– postponements are possible!
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EUROGUSS, Nürnberg Deutschland
08. - 10. Juni 2022
Fachmesse für Druckguss, Technik, Prozesse
www.euroguss.de

Moulding Expo Stuttgart
13. - 16. Juni 2022
Messe für Werkzeug-, Modell- und Formenbau
www.messe-stuttgart.de

CastForge Stuttgart
21. - 23. Juni 2022
Fachmesse für Guss- und Schmiedeteile mit
Bearbeitung
https://www.messe-stuttgart.de/castforge/

Litmash Russia, Moscow Russia
21.- 23. Juni 2022
International Foundry Technology,
Supplies and Casting Trade Fair
www.litmash-russia.com

InterMold, Thailand Bangkok
22.- 25. Juni 2022
Fachausstellung und Konferenz für den
Werkzeug- und Formenbau
www.intermoldthailand.com

Casting
Casting Online
online magazine
Magazine 2020
2022 | 07
02

Aluminium China
06. - 08. Juli 2022
Fachmesse und Kongress, Shanghai
www.aluminiumchina.com

The 74th World Foundry Congress
BEXCO, Busan, Republic of Korea
16 - 20. Oktober 2022
http://www.74wfc.com/

ALUMINIUM 2022, Düsseldorf
27. - 29. September 2022
Weltmesse der Aluminiumindustrie und Kongress
www.aluminium-exhibition.com

METEC, India Mumbai
23. - 25. November 2022
Internationale Fachmesse für metallurgische
Technologie, Produkte und Dienstleistungen
www.metec-india.com

IMT International, Metal Technology Taiwan, Taichung
19. - 21. Oktober 2022
Taiwans erste Fachmesse für die Metallindustrie
www.imttaiwan.com

Aluminium Middle East, Dubai
2022, genauer Termin noch unbekannt
Internationale Messe für Aluminiumprodukte,
-technologien und -investitionen im
Nahen Osten
www.aluminium-middleeast.com
2023

Ankiros, Istanbul
06. - 08. Oktober 2022
Fachmesse für die professionelle Hüttenindustrie
www.ankiros.com

Gifa, Metec, Thermprocess Düsseldorf
12. - 16. Juni 2023
Internationale Gießereifachmesse,
Fachmesse für Metallurgie, Fachmesse
für Thermoprozesstechnik
www.thermprocess.de
www.metec.de
www.gifa.de

Turkcast, Istanbul
06. - 08. Oktober 2022
Internationale Messe für Gießerei-Produkte
www.turkcast.com.tr
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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.

ASCOJET 1208

CONTACT
FOUNDRY TECHNOLOGIES
& ENGINEERING GMBH

SALES & MARKTING
+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

