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CHALLENGE:
• Cracks located at the interface between 

the part /base plate and the part /support
• Undesired distortion 

SOLUTION:
• Failure analysis by simulation
• Distortion compensation by adding 

inserts and a new support structure

PRODUCTS USED:
Simufact Additive

CUSTOMER:
Renishaw GmbH

Simufact Engineering provides the GreenTeam 
& Renishaw with a complete AM Process 
Simulation Solution 

The University of Stuttgart’s Formula Student race car with additively manufactured wheel carriers

Overview
There is an ongoing development in 
the automotive industry of enhancing 
vehicles with more robust and power-
ful engines for more agile movements. 
In addition to engine power or traction 
control, the weight of the vehicle also 
makes a significant contribution to the 
performance on the track. One of the 
Formula Student teams, The GreenTeam 
in Stuttgart, Germany, reached out to 
Renishaw to support them in achiev-
ing this task for their electric racing car. 
While the GreenTeam was working on 
the redesign of the wheel carrier, which 
was originally made of aluminum, they 
tried in vain to find a sponsor who would 
be able make the improved wheel car-
rier design. These problems arose be-
cause optimizing the weight and force 
parameters would result in component 
features (e.g. cavities) which are difficult 
to achieve with conventional manufac-
turing methods, especially as titanium 
is notoriously difficult to machine. With 
its metal powder-based additive manu-
facturing system, the British engineer-
ing technology company Renishaw, met 
these requirements exactly. Renishaw 

is one of the world leaders in the field 
of additive manufacturing (also referred 
to as metal 3D printing), where it is the 
only UK based business that designs 
and makes industrial machines, capable 
to “print” parts from metal powder. How-
ever, realizing such a complex geometry 
is quite challenging.
Renishaw solution center in Germany 
turned to Simufact Engineering AM so-
lution, Simufact Additive, as their tool 
of choice to optimize the manufacturing 
with the goal of reducing the high distor-
tion of the part and the separation of the 
support structures.

Challenge
Additive manufacturing (AM) is a novel 
method for manufacturing complex 
lightweight parts from 3D models, where 
traditional methods will increase costs 
through tooling or longer production 
times. Although, additive manufacturing

 

Figure 1: Printed wheel carrier. A- separation 
observed in the support structure, B- Measurement 
of the distortion at the top of the part
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has been used for many decades, is 
only in recent years that has caught the 
attention of the automotive industry. 
Between the metal based powder ap-
proaches, a powder bed fusion ma-
chine from Renishaw was used to print 
the wheel carrier of the formula student 
car. The laser machine fuses selected 
regions of a powder bed. After a layer is 
scanned and selected material is melt-
ed, a new layer is deposited. Similar to 
other thermal analysis, many process 
parameters will influence the quality of 
the printed part (i.e. build speed, power 
source, layer thickness). 
Controlling the process parameters 
represents a challenge - even mul-
tiple tests do not necessarily lead to 
optimal settings. Therefore, it is com-
mon to print parts out of tolerance or 
with visible damage. In the case of the 
wheel carrier, Renishaw’s engineers 
observed cracks located at the inter-
face between the part/base plate and 
the part/support (figure 1A). In addi-
tion, a scan performed at the top of the 
part showed an undesired distortion 
(figure 1B). Renishaw needed a simu-
lation solution to enable their design 
team to not only optimize the design 
for a lighter weighted vehicle, but also 
for a “first-time-right” printed part. Re-
garding the high costs and efforts in 
the additive manufacturing this leads 
to a higher productivity and is there-
fore a huge benefit for Renishaw. In 
fact, process simulation has become 
a well-established method due to the 
increasing precision and reliability of 

simulation results, shorter and more 
practical calculation times, and the im-
proved usability of the simulation soft-
ware. Renishaw therefore contacted 
Simufact Engineering, known as simu-
lation experts in manufacturing tech-
nology, to predict the build process to 
eliminate any distortions or any sepa-
ration of the support structures.

Solution
Simufact Engineering’s software tool 
Simufact Additive offers a macro scale 
approach that can be used to optimize 
not only the stage where the part is 
built, but also the subsequent process 
chain. The macro analysis considers 
the inherent strains that are induced 
by the manufacturing process. These 
inherent strains comprise plastic, ther-
mal, creep and phase transformation 
strains. 

Figure 2: Calibration of inherent strains

Figure 3.  A- distortion, B- Comparison between experimental and predicted distortion

Figure 4: Simulation results with calibrated inherent 
strains. A- fracture areas, B- Shape of the part with 
scaling factor 10x
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In Simufact Additive, the inherent 
strains can be easily calibrated with a 
calibration module. 
To calibrate the inherent strains, Ren-
ishaw printed two cantilever samples at 
0° and 90° of orientation with the same 
machine parameters used to print the 
part. The material used for the calibra-
tion (TiAl6V4_powder) is part of Simu-
fact Additive’s material database. After 
printed, the cantilevers were cut in the 
middle of the toothed section (height = 
3mm) and the distortion was measured. 
To maintain a reference point and pre-
vent rigid body motion, the cantilevers 
cannot be removed completely from the 
base plate. The displacement measured 
in each cantilever is then used to cali-
brate the inherent strains. After 7 simu-
lations, the calibration reached the tar-
get distortion (figure 2) with a maximum 
acceptable deviation of 0.3%. Next, the 
calibrated inherent strains were used to 
simulate the part. To overcome the limi-
tation of meshing complicated parts and 
due to the similarity with the layer by lay-
er manufacturing process, Simufact Ad-
ditive uses a voxel mesh of cubic shape. 
The voxel elements represent several 
layers of powder material that are se-
quentially activated. In the analysis, the 
support structures were imported from 
a CAD file and modeled with the same 
titanium alloy used in the part. The part 
and supports were placed on a base 
plate, and modeled with 82 layers of 
voxel elements of 0.06 mm of powder 
layer thickness. A voxel element size 
of 1 mm was used to discretize the 
components (part, supports and base 
plate), where every element consisted 

of around 17 powder layers.  The sec-
ond stage of this study was to evalu-
ate the accuracy of the simulation re-
sults. Renishaw’s engineers measured 
the distortion at three locations of the 
part. The predicted distortion is in good 
agreement with reality (figure 3). Even 
more, the cracks observed by Ren-
ishaw’s engineers in the wheel carrier 
are also predicted in the simulation re-
sults (figure 4A). After further analysis, 
it was noticed that these are regions 
with high maximum principal stresses 
that led to failure after printing the part. 
Finally, the shape of the part in figure 
1B can be compared with the simula-
tion result in figure 4B. 

Results
To compensate the distortion observed 
in the inner region, a new design has 
been proposed. 4 inserts were added 
to the part and a new support structure 
was created with Simufact Additive (fig-
ure 5A). Compared with figure 3A, the 
new results in Figure 5B show that the 
localized distortion has been reduced in 
all regions. Also, the inner section is pre-
dicted to maintain its cylindrical shape 
(figure 5C). Finally, it is shown that the 

distortion has been reduced with re-
spect the original configuration (figure 
5D). Although a new design has been 
proposed, other changes can be easily 
analyzed with Simufact Additive such as 
the use of distortion compensating de-
signs based on pre-distortion or chang-
es in the process chain.

About 

Renishaw is a world leader in the field of 
additive manufacturing (also referred to 
as metal 3D printing), where it is the only 
UK business that designs and makes 
industrial machines which ‘print’ parts 
from metal powder.
The majority of Renishaw´s research and 
development and manufacturing is car-
ried out in the UK. 
The Renishaw Group currently has more 
than 70 offices in 35 countries, with 
around 4,000 employees worldwide. 
Around 2,600 people are employed with-
in the UK where the company carries out 
the majority of its research and develop-
ment and its manufacturing.

Figure 5: Simulation results of optimized part. A- 
New design, B- Distortion, C- Shape of the part with 
scaling factor 10x, D- Comparison of distortion values
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Optimization of Powder Bed Fusion AM processes
 User-friendly interface

 CAD to Finite Element Model capabilities

 Structural analysis of parts during    
 AM process chain

 Fast & accurate simulation & optimization
 of AM processes

 Determine and reduce final part distortion

 Minimize residual stress

 Optimize build-up orientation and support structures

 Condition the part after heat treatment, base plate/

 support structure removal, and    
 Hot Isostatic Pressing (HIP)

 Recalculate pre-deformed part geometry

Simulating Manufacturing

Simufact Additive
helps you
produce
Metal AM parts
„Right the First Time“

simufact.com
additive-more-info

Want 
to learn 
More?


