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ADDITIVE MANUFACTURING

Additive Manufacturing for complex die casting tools: 
Scalable process for large aluminum components 
successfully demonstrated
The Fraunhofer ILT and MacLean-Fogg have jointly produced a complex die casting tool inlay using 
Laser Powder Bed Fusion (PBF-LB/M). The specially developed L-40 tool steel enables the additive 
manufacturing of heavily loaded, large-volume tools for the first time and thus the implementation of 
conformal cooling. Initial results from smaller tools, which Toyota is already using in series production, 
indicate a significantly longer service life for the additively manufactured tools. In the current project, 
a hybrid, large-volume tool was created for the transmission housing of the Toyota Yaris Hybrid. The 
combined process with conventional preforms plus additively manufactured structures shortens the 
production time, reduces costs and allows a high number of variants on a combined tool platform. 

The automotive industry is in the midst 
of a profound upheaval. Cost pressure 
and the transition to electromobility are 
forcing many manufacturers to funda-
mentally rethink their vehicle architec-
ture and production processes. Many 
manufacturers are currently reducing 
the number of individual pressed parts 
and striving for as few but highly com-
plex structural components as pos-
sible. Particularly in the case of large 
aluminum components, such as frame 
or transmission components, this also 

increases the demands on the tools: 
they must be thermally highly resil-
ient, allow variants and be able to be 
adapted to new geometries as quickly 
as possible. 
This change brings with it new challeng-
es: the required casting molds not only 
have to be larger than before, but also 
more resistant, with complex geome-
tries and shorter development times. 
This is precisely where a project at the 
Fraunhofer Institute for Laser Technol-
ogy ILT, together with the L-40 powder 

manufacturer MacLean-Fogg and Toy-
ota as the end user, comes in. 
By using a gantry-based PBF-LB/M 
machine developed at the Fraun-
hofer ILT with a scalable build vol-
ume and the tool steel developed by 
MacLean-Fogg for additive manufac-
turing, very large die casting molds 
with near-contour cooling could 
be additively manufactured for the 
first time - suitable for large-volume 
high-pressure die casting (HPDC)  
components.

Figure 2: Thanks to the gantry-based large-format system at Fraunhofer 
ILT, even complex, resistant tools with a volume of over 20,000 cm³ can 
be printed reproducibly – a milestone for industrial applications in alumi-
num die casting. � Source: Fraunhofer ILT, Aachen, Germany. 

Figure 1: Additively manufactured die-cast tool inlay made 
from tool steel L- 40: The large volumetric mold was produced 
at Fraunhofer ILT using laser powder bed fusion with conformal 
cooling. � Source: Fraunhofer ILT, Aachen, Germany. 
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Massive geometries previously 
led to residual stresses and 
critical defects in parts made with 
PBF-LB/M 
As large casting processes are becoming 
increasingly established, the demands 
on the tools used in HPDC are growing. 
The molds must repeatedly maintain 
precise component quality at very 
high quantities and withstand extreme 
mechanical and thermal loads. In order 
to ensure a sufficient service life of the 
tool inlays, they need complex, inter-
nal cooling structures, which cannot be 
made with conventional manufacturing 
processes. 
Two key problems have so far limited 
additive processes from manufactur-
ing such large-format die casting molds: 
Firstly, the available construction vol-
ume of classic PBF-LB/M machines is 
too small to produce die or mold inserts 
with dimensions of 600 x 600 mm² or 
more in one piece. Secondly, the tool 
steels used to date – in particular H11 
(1.2343), H13 (1.2344) or M300 – cannot 
be processed reliably in this size range 
(>20,000 cm³). Even with optimum 

parameters, there is a risk of cracking, 
thermal distortion and inadequate 
mechanical properties. 
This applies both during laser-based 
build-up and during downstream heat 
treatment. The greater the tempera-
ture gradients within the component 
during the manufacturing process, the 
greater the risk - an effect that is par-
ticularly pronounced with large-volume 
workpieces. 
“To overcome these limitation, we need 
a new generation of machines and 
materials specifically tailored to the 
requirements of large-format HPDC 
tools,” explains Niklas Prätzsch, Group 
Leader LPBF Process Technology at 
Fraunhofer ILT. “It was precisely this 
combination that was the subject of the 
latest changes we have implemented.” 
The new material and machine technol-
ogy makes it possible for the first time 
to produce large-volume tools with a 
free-form cooling structure. This not 
only allows local temperature peaks 
in the casting process to be reduced 
in a targeted manner, it also increases 
the number of variants while simul-

taneously increasing service life. This 
means that different components can 
be manufactured on one tool platform 
without having to produce new tools 
each time. 

Scalable LPBF production for crack-
free large components 
The gantry-based 5-laser PBF-LB/M 
machine developed at the Fraunhofer 
ILT with a current build volume of 
1,000 x 800 x 350 mm³ has been further 
developed for this purpose. In con-
trast to conventional systems, it has 
a movable processing head and local 
shielding gas guidance, so that the 
build volume can be scaled linearly 
along the machine axes with the same 
process boundary conditions (shielding 
gas flow speed, laser beam deflection 
angle, etc.). This means that even larger 
tools can be additively manufactured 
in the future than the tool inlay con-
sidered in this project with a volume of 
over 20,000 cm³ and a bounding box of  
515 x 485 x 206 mm³. 
A heatable substrate module was also 
developed in order to minimize the tem-

Figure 3: Design of 
the cooling channels: 
Instead of conventional 
pin cooling (top), the 
new shape contains 
a complex network 
of conformal cooling 
channels (bottom). A 
geometry that cannot 
be produced by machin-
ing, precisely adapted 
to thermally highly 
stressed tool areas, 
reducing local temper-
ature peaks, reducing 
wear and significantly 
extending tool life. 

Source: MacLean Additive. 
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perature gradients that are critical for 
large-volume tools. The build platform 
now reaches a temperature of 200 °C, 
which means that each new layer does 
not cool down to room temperature, 
but only to a predefined thermal pla-
teau. This approach reduces thermally 
induced stresses and the risk of crack-
ing during the construction process. 
The combination of large installation 

space, high process stability and active 
preheating makes this system one of 
the first LPBF systems in the world 
that is suitable for the economical pro-
duction of near-net-shape die casting 
molds, even for mega or giga casting. 

“The key to success lies in the L-40 
material from MacLean-Fogg, which 
is tailored to the requirements of PBF-
LB/M,” comments Prätzsch. This steel is 

characterized by a significantly reduced 
tendency to crack compared to conven-
tional tool steels - both during produc-
tion and during heat treatment. Even 
in the as-built condition, L-40 achieves 
high dimensional accuracy, outstand-
ing properties in terms of hardness 
(48 HRC), tensile strength (1420 MPa) 
and notched impact strength (>60 J). 
Comprehensive tests have successfully 
validated both the parameter transfer 
to the new machine concept and the 
performance in complex geometries - 
for example with round or overhanging 
cooling channels. 
All in all, the combination of a scala-
ble PBF-LB/M machine and a specially 
developed material enables the eco-
nomical, reproducible production of 
large-format die casting molds with 
conformal cooling for the first time. Ini-
tial applications show that the service 
life of tools produced in this way can 
be significantly extended compared to 
conventional molds. 

Hybrid production for series tool 
As part of the project, the partners 
produced an additively manufactured 
tool insert for a gearbox housing that 
is already in use at Toyota. The die 
casting mold insert contains a com-
plex network of near-contour cool-
ing channels, which alone is a clear 
advantage of additive manufacturing 
that could not be achieved with con-
ventional machining. For the additive 
tool design, the project team opted for 
a hybrid process on a specially man-
ufactured preform that already had 
vertical cooling channels. The exact 
positioning and reliable connection of 
both components placed high demands 
on machine calibration, precision and 
process control. Such hybrid structures 
have the potential to further reduce 
construction time and costs, as the 
more cost-intensive PBF-LB/M process 
is only used in those component areas 
where conventional processes fail to  
work. 

Figure 4: Comparison of the service life of conventionally manufactured and additively man-
ufactured tools made from L-40: The optimized near-contour cooling specifically tempers 
critical zones, reduces the thermal load and increases the service life. In earlier projects, the 
service life of the tools increased almost fourfold. � Source: Fraunhofer ILT, Aachen, Germany. 

Figure 5: Successful joint project between Fraunhofer ILT, MacLean-Fogg and Toyota: A Laser 
Powder Bed Fusion manufactured tool inlay for the transmission housing of the Toyota Yaris 
Hybrid. � Source: Toyota Europe.
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The researchers have designed the 
complex cooling structure in such a 
way that critical zones of the mold are 
effectively tempered during the die 
casting process. This reduces the ther-
mal load, which significantly lengthens 
the service life of the mold. In previous 
projects, a comparable additive mold 
had already achieved a service life up 
to four times longer than a conventional 
H13 mold. 
After the HPDC mold insert was built, it 
was stress relief annealed, and its func-
tional surfaces were milled convention-
ally. The high dimensional accuracy of 
the additive base body only required 
precise final finishing without addition-
al material input. 

Paving the way for efficient and 
durable casting molds in the auto-
motive industry 
The production of large-format cast-
ing molds using additive processes 
addresses several key challenges in 
today’s automotive production, particu-
larly in the context of the transforma-
tion towards electromobility. A decisive 
advantage lies in the conformal cooling, 
which can be freely designed for the 
first time using 3D printing. The cooling 
channels can be optimally adapted to 
the thermally highly stressed zones of 
the tool. This lowers local temperature 
peaks, reduces thermomechanical wear 
and significantly extends the service life 
of the mold. 
At the same time, additive manufactur-
ing offers the opportunity to drastically 
shorten throughput times. Instead of 
time-consuming machining of several 
tool components and their assembly, 
a consolidated, end-to-end additive 
structure can provides substantial 
lead time reductions. For OEMs, this 
means shorter development cycles and 
faster time-to-market for new vehicle 
platforms. 
The ability to build large-volume tools 
using hybrid technology creates addi-
tional flexibility. Components with 

defined interfaces can be efficiently 
added and functionally optimized with-
out having to manufacture the entire 
component from scratch. This reduces 
both material usage and costs per tool. 

“With L-40, we set out to break the limits 
of additive manufacturing for hot and 
cold forming tools in general and die 
casting tools specifically. This project 
proves that it’s possible to produce 
large, complex and highly durable 
inserts technically and gives clear miles 
stones to reach to be economically 
attractive. Additive manufacturing is 
ready to take on real industrial scale 
challenges. For OEMs, this is a game 
changer: shorter lead times, longer 
tool life and flexibility in tool design,” 
said Harald Lemke, Director of Product 
Management, MacLean-Fogg Compo-
nent Solutions.
For vehicle manufacturers such as Toy-
ota, who strive constantly for flexible 
manufacturing rely on fewer individu-
al parts and more complex structures, 
these developments offer new possibil-
ities in terms of tool strategy: less effort 
in tool production, longer running times 
and the possibility of realizing several 
variants with just one tool. 

The manufactured component impres-
sively demonstrates that the developed 
process chain - consisting of a large-for-
mat LPBF system, innovative materi-
al and hybrid production - meets the 
requirements of real industrial appli-
cations, even in the field of giga casting. 
However, the potential extends far 
beyond the individual case: the devel-
oped process chain is not only suitable 
for large aluminum HPDC tool inserts, 
but also for applications in plastics 
processing or in the field of compos-
ite materials. Wherever heavily loaded 
tools with complex cooling and limited 
batch sizes are required, additive man-
ufacturing can offer clear advantages.

Figure 6: The additively manufactured aluminum die-cast tool is part of the tool for the trans-
mission housing of the Toyota Yaris hybrid vehicle. It was chosen due to its size and the chal-
lenges of soldering and high maintenance time. � Source: Toyota Europe
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