
Design for AM: 
Empowering an 
industrial-scale future

Additive Manufacturing ebook



Table of contents
Foreword

Study of thermal history of Laser 
Metal Deposition (LMD) with 
Simufact Welding

Proof of concept through 
industrial CT scanning: Extensive 
examination of a customised 
medical implant 
Farcco Tecnologia

How to bring a legacy train spare 
part into shape for additive 
manufacturing with generative 
design 
SLM Solutions

How reducing heat distortion 
during additive manufacturing 
results in better tyre tread moulds 
Metal 3D, KAMUG, Winforsys

Easy handling of difficult tasks: 
optimisation and design of 
lightweight crimping tool 
Tino Kalettka and Hendrik Nater

Generating competitive 3D 
printing designs for simple parts 
over lunch time 
MIBA

Optimising semiconductor 
production hardware 
TRUMPF

Lightweight additive technology 
for increased efficiency in the 
packaging industry 
Gerhard Schubert GmbH

Overcoming distortion in new DED 
additive manufacturing processes 
with simulation 
OSCAR PLT and TU Dresden

Predicting Markforged additive 
manufacturing performance 
with simulation software                         
Markforged

Pump impellers – a rotating 
functional key component in a 
centrifugal pump assembly 
Objectify Technologies Pvt. Ltd

Contacts

03

04

06

10

13

18

22

25

28

32

35

38

43



3

This Additive Manufacturing eBook is another essential addition to the ever-
rising number of case studies, use case examples and innovation-driving 
stories we all love to hear, read, and tell. So, feel invited to dive in … 

You will find stories about additively manufactured parts for tooling, a very 
broad field of application for AM, where AM parts are directly employed in 
manufacturing lines. Look at tyre manufacturers producing tyre moulds with 
new tread patterns that traditional manufacturing methods cannot possibly 
create. Or read how AM allows for customised implants in the MedTech sector; 
here we look at how extensive CT analyses enable a deeper understanding of 
the differences between design intent and produced parts for customised 
implants with complex lattice structures. 

And don´t miss the articles about DED (Direct(ed) Energy Deposition), a 
manufacturing method on the rise where Hexagon is heavily engaged, working together with strong players in 
the DED market like Meltio, pro-beam, Sciaky, and DM3D.  

Finally, the Schubert gripper project is a great example for machine builders that understand how to leverage 
AM to re-imagine their supply chains, especially their global spare parts business by:

• Re-designing parts to improve their functionality, and 

• By replacing large stocks in warehouses with the digital warehouse concept. 

I am sure we will see more of these examples in the near future, particularly from the railway industry, where 
these strategies have a great deal of potential. 

In addition to this eBook, at a recent event, we asked industry thought leaders in AM about their views on the 
current state and future potential of additive manufacturing. We gained some fascinating insights which we 
have transformed into a series of videos.

Watch them here: Challenges and trends for AM | Hexagon MI

Volker Mensing  
Global Director Business Solutions Marketing , Smart and Additive Manufacturing 

Foreword

https://www.hexagonmi.com/campaigns/global/i-am/challenges-and-trends-for-am
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|  Laser Metal Deposition 

Study of thermal 
history of Laser Metal 
Deposition (LMD) with 
Simufact Welding 

Laser metal deposition (LMD) is an 
established metal additive manufacturing 
(AM) process that is used in the 
processing of a wide variety of metallic 
materials. Applications can be found in 
the defence, space, aerospace, energy 
and petrochemical industries.

In particular, there has been significant research attention 
on the use of LMD for  (α-β)-Ti alloys, including Ti-6Al-4V, 
which has broad industrial applications. Ti-6AI-4V is an 
alpha-beta titanium alloy with high specific strength and 
corrosion resistance. The primary driver for using LMD for 
additive manufacturing here is that it not only leads to low 
material waste but also has a shorter lead time compared 
to conventional manufacturing. 

However, the microstructure and mechanical properties of 
an LMD-fabricated part are closely related to its thermal 
history during the LMD process. This includes factors 
such as direct or indirect influences from layer melting, 
solidification and subsequent cyclic heating and cooling. 
Therefore, being able to detail the entire thermal history 
by simulation can allow an optimal LMD process design for 
desired microstructures and properties. 
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Design and engineering

There are experimental and numerical methods available 
to reveal the thermal history of a metal part during LMD. 
But with these methods, it can often be challenging 
to track the complete thermal history at each point of 
interest in a part being built, which is essential to the 
process design for controllable spatial microstructures.  

Computational modelling to model 
thermal history 
In the study “Simulation-informed laser metal powder 
deposition of Ti-6Al-4V with ultrafine α-β lamellar 
structures for desired tensile properties” published in 
Additive Manufacturing Journal, the Directed Energy 
Deposition (DED) module in Simufact Welding was used to 
carry out detailed thermal history simulation for laser metal 
deposition (LMD) of Ti-6Al-4V (wt%). With Simufact Welding, 
properties of the weld seam and welding defects such as 
hot cracks, cold spots, and local mechanical properties of 
the produced metal are easy to identify and resolve.

The simulation identified necessary LMD conditions for 
in situ decomposition of α′ -martensite in Ti-6Al-4V with 
respect to build height.

On this basis, rectangular Ti-6Al-4V coupons were 
fabricated. The systematic microstructural characterisation 
confirmed in situ decomposition of α′ into ultrafine α-β 

lamellae in the as-built samples. In addition, the study 
determined the approximate in situ transition time from α′ 
→ α + β (lamellar) during the LMD process to be 30–40 s. 
This is two orders of magnitude faster than conventional 
isothermal decomposition of α′.  

The primary underlying reason for this was found to be the 
precursor (clusters) development within the α′ -martensite 
laths as well as at the α′ -lath boundaries due to being 
frequently and rapidly heated to temperatures well above 
the β transus.  

Apart from computational modelling of thermal history, 
there have been notable modelling efforts towards 
understanding AM porosity formation and solidification 
microstructure and their control.  

Other insights obtained from this simulation-based 
experimental study included microstructural control of tall 
titanium alloy components through in situ decomposition 
of α′ -martensite and performing thermal simulations 
for laser metal deposition (LMD) of a titanium alloy using 
Simufact’s Directed Energy Deposition (DED) module. 
These simulations are further used to determine the tensile 
ductility and strength of Ti-6I-4V. 

Computational modelling using Hexagon’s Simufact Welding 
helped understand the thermal history of a metal part 
during additive manufacturing (AM), which is essential for 
process design and microstructural control.  
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|  Farcco Tecnologia

Proof of concept through 
industrial CT scanning: 
Extensive examination of a 
customised medical implant 

Production challenge: Creating a unique 
customised implant 

Inspection challenge: Get insights on a new form 
of customised implant produced by EBM and 
with specific lattice structure

CT analysis of customised complex AM 
implants
For medical implants, a variety of different types are 
available to serve the most common patient needs. Off-
the-shelf (OTS) orthopedic implants allow the surgeon to 
choose from different designs, materials and producers 
for their respective case. Besides the common injuries 
that can be treated with OTS implants, there is a need 
for customised implants for the small number of specific 
complex cases. Especially in craniomaxillofacial (CMF) 
surgery, customised implants are necessary to reach the 
high requirements regarding the later appearance of the 
patient and to enable a proper mastication for a higher life 
quality. As the patient´s condition varies depending on the 
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severity of the accidents or cancer, the major challenge is 
to design an implant that fits the specific patient´s skull. 

With the recent innovations in metal powder bed fusion 
(PBF) systems and integrated software workflows, these 
complex cases can be treated with customised implants. 
Since every implant is unique, a high level of quality 
assurance regarding the production process and the 
produced part is necessary.  

In this case study we show and discuss the industrial 
CT inspection of a customised CMF implant produced 
by electron beam melting (EBM). The patient was later 
treated with an implant produced by EBM too, but without 
the complex lattice structure. Nevertheless, the insights 
and results from this case study were used to further 
optimise the implant design, the production and post-
processing processes, and the overall workflow.

Designing the CMF implant

To create the customised CMF implant, the designer 
starts from the medical CT scan data from the patient´s 
skull. The main objectives are to keep or restore the 
mastication function and symmetry of the face while 
being constrained by the remaining skull bone and the 
definition of the screw holes for the later surgery. The 
implant design and surgery steps were discussed with the 
surgeons intensively.  

Ortosintese designed the CMF implant. The intended 
design for the right part of the patient´s skull would enable 
a proper restoration of the patient´s appearance and 
proper mastication.

Producing the CMF implant 

Both main types of metal powder bed fusion technologies 
(LPBF, EBM) are used to produce metal implants. In this 
case, EBM was chosen due to the higher production 
rate and lesser post processing steps. Farcco used a 
GE Additive Arcam EBM Q10plus system and Ti-6Al-4V 

ELI powder to produce this CMF implant. Ti-6Al-4V ELI 
is a special powder composition often used for medical 
implants with stricter specifications regarding interstitial 
elements of iron and oxygen to improve ductility and 
fracture toughness. All post-processing steps were 
performed following standard procedures for EBM 
medical implants.

CT scanning the implant

The CT scan of the CMF implant was performed by 
Waygate Technologies on a micro-CT v|tome|x m 300 
system achieving a voxel resolution of 57µm within a scan 
time of 21 mins. The CT data was analysed with Volume 
Graphics VGSTUDIO MAX 3.5 software with different add-
on modules. 

 

Analysing and measuring the CMF implant

When analysing the CT data, the main inspection 
tasks were the porosity of the implant and the overall 
geometrical accuracy. 

The overall dimensions of the implant are 72x60 mm in 
the longest extent. The position, angle and depth of the 
bone screw holes were all inside the tolerances and would 
enable a proper execution of the surgery. 

The nominal actual comparison (NAC) is the best tool 
to check for global deviations compared to the planned 
design of the implant. For the CMF implant, the NAC shows 
higher deviations on the outside in the solid area which 
can be easily machined later. The maximum deviation from 
the nominal is 1.26 mm. The deviation histogram shows a 
higher amount of too much material with 77% of positive 
deviations from +0.1 - 2.0 [mm] which is typical for the 
higher surface roughness of the EBM process.

With the mesh compensation functionality, a 
compensation for process-induced part geometry 
distortion would also be possible but was not part of this 
case study. 

Figure 1: Designed CMF implant virtually placed on the CT data of the 
patient´s skull.

Figure 2: 3D visualisation of the CT scan data of the CFM implant.  



Another important aspect of the implant´s functionality is 
the lattice structure connecting the different solid parts. 
This can be easily analysed by using the wall thickness 
analysis on this region: the intended strut thickness of the 
lattice structure is between 0.2 to 1 mm. That is achieved 
and no broken struts were found. The expected and 
desired higher surface roughness of the EBM process was 
already considered during the lattice design and the final 
dimensions of the lattice struts did not exceed the upper 
tolerances.  

Higher deviations can also indicate trapped powder 
between the lattice struts, but nothing was found here 
indicating sufficient powder removal and cleaning 
processes. 

A critical design aspect is the proper connection between 
the lattice structure and the solid area of the implant. This 
has been achieved in all 3 critical connecting regions. All 
regions were analysed separately and did not show any 
disconnections or higher amounts of porosity. 

Besides the overall geometrical accuracy, the porosity 
inside the implant is another important topic. The overall 
density is satisfying with over 99% and inside the expected 
range. With the porosity analysis function, we get detailed 
data on every single pore and can look for critical pores 
regarding location, size and shape. After a thorough 

Figure 3: Nominal-actual comparison on the CT data. 

Figure 4: Wall thickness analysis on the lattice structure to measure 
the strut thickness.  

Figure 5: Close up of one of interface between the lattice structure and 
the solid part with transparency to show porosity in this area.  

Figure 6: Porosity analysis with transparent view of the implant. 

discussion of the porosity data, no pores were classified 
as critical. This detailed porosity data is very valuable to 
further optimise process parameters for the EBM system. 
It is notable that the porosity is concentrated in the solid 
area of the implant. However, in this area, porosity is less 
critical.

The porosity analysis is also capable of detecting cracks 
and inclusions, but none were found here. As discussed 
previously the lattice structure is one major point of 
interest for this kind of customised implant. We have 
already shown in the porosity and wall thickness analysis 
that there are no critical issues when considering both 
aspects separately. 

But we can also combine these two analyses to show 
critical defects in relation of the defect size and the strut 
thickness of the surrounding lattice structure. Several 
potential critical pores were identified with the biggest 
one shown in the picture, but all were classified as not 
critical in their locations. 



Conclusion 

In this case study, we have shown how extensive 
CT analyses enable a deeper understanding of the 
differences between design intent and produced parts for 
customised implants with complex lattice structures. 

Involved partners

Thanks to all partners contributing to this case study: 
Ortosintese, Farcco, Waygate Technologies.

“In this case study, we delivered a lot of valuable 
analyses and data to further improve the next iteration of 
customised implants to enable the first time right. This 
CMF implant was already inside the tolerances regarding 
geometry and porosity, and the next version will be even 
better. Clearly CT is a valuable inspection tool for this kind 
of customised medical devices.”

Mr. Philip Sperling, Hexagon, Product Manager (Volume 
Graphics) Additive Manufacturing

Figure 7: Combination of strut thickness and pore size to look for 
critical defects. 

While developing options 
of lattice structures used 
in surgery implants, it was 
very important to have CT 
scans and rebuild models 
of the real geometry test 
specimens. This allowed 
us to evaluate not only 
the resulting real lattice 
voids, struts sizes, and 
their relations, but also 
to be able to evaluate the 
real results generated 
by different melting 
strategies used in different 
topologies that compose 
the final part. For example, 
it was great to see in detail 
how the transition from 
solid to trabecular lattices 
look like. 

Mr. Fabio Sant’Ana, Farcco 
Tecnologia, Director
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|  SLM Solutions 

How to bring a legacy train 
spare part into shape for 
additive manufacturing with 
generative design

Objective: Reduce additive production 
costs with customised, weight-optimised 
designs and produce spare parts flexibly 
and without tooling.
In a joint innovation project, Deutsche Bahn, SLM 
Solutions and Hexagon optimised a conventionally-
designed hinge of a cargo wagon and redeveloped it for 
additive manufacturing. The weight-optimised result from 
Hexagon’s MSC Apex Generative Design enables cost-
efficient production through 3D printing. 

Assets such as freight cars are characterised by a service 
life of several decades. When defects occur in the assets, 
the procurement of spare parts poses major challenges 
for operators, as it is often not possible to keep spare 
parts in stock over such a long period of time. Operators 
and manufacturers of these items are thus confronted 
with the need to procure or manufacture individual 
spare parts for continued operation without being able 
to use the original manufacturing tools. With additive 
manufacturing, there is now the possibility to produce 
spare parts without tools and thus in a highly flexible 
manner. 
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Generative Design

Application and challenge 

The problem with producing very old components using 
conventional manufacturing processes is the extremely 
long lead times and high costs. The production of tools or 
semi-finished products takes a lot of time, as machines 
have to be set up and retooled. 

With additive manufacturing, this can be done much 
faster and more flexibly; especially against the 
background of a component defect, time can be a 
decisive factor here. However, conventional designs 
are problematic as they are difficult or impossible to 
manufacture with additive manufacturing and also 
require very long production times, as a lot of material 
has to be molten. In this context, both material and 
machine hours are significant cost drivers, which need to 
be reduced as much as possible.  

The component to be optimised in this example is a 
switch shaft for the automatic coupling of an open bogie 
bulk freight car for ore transport. With this component, 
the train operator can switch between the manual and 
automatic coupling of the 15 m long wagon and manually 
release the parking brake of the freight wagon with a 
loading space of over 60 m³ capacity. Most of the wagons 
were delivered in 1978 and the following five years.

Integrated lightweight design with 
Generative Design
For the optimisation, the user first imported the original 
component into Hexagon’s Apex Generative Design and 
expanded the design space, based on the available space, 
with the help of the geometry tools. The material of the 
original component was malleable cast iron and has 
been changed to 316L stainless steel for use in additive 
manufacturing to not only allow fabrication but also 
withstand adverse environmental conditions. Functional 

surfaces have been given an allowance for subsequent 
machining and, as non-design areas, must not be altered 
by the algorithm. The various forces that occur were added 
and combined to load cases for the optimisation. Then the 
optimisation could start and with different values for the 
maximum allowable stress and several design alternatives 
could be generated directly. The most promising result 
reduced the weight to half of the original design. With 
the help of Hexagon’s Apex Structures, the results have 
been further assessed by employing FE reanalysis: The 
deflection under load has increased compared to the 
solid original design but is still within a non-critical range 
of half a millimetre. More relevant is the high weight and 
volume reduction to reduce production costs for additive 
manufacturing. The stress values are still below the 
permissible material stress, even in critical areas.  

Manufacturing simulation and warpage 
compensation
The process simulation with Simufact Additive was 
able to solve two key challenges for the printing of the 
part: support structure optimisation and part geometry 
distortion compensation. The generated geometry 
data was loaded into the simulation software and 
completely calculated within a few hours. The entire 
production process, including post-processing operation 
such as baseplate cutting, support structure removal, 
heat treatments (including HIP), can be modelled and 
simulated. 

The user can help optimise the orientation for the actual 
printing to enable the best possible printing result with 
the fewest support structures. In addition, the software 
can determine any distortions that occur during the 
printing process and use that information to automatically 
pre-deform the input CAD geometry to anticipate these 
distortions, so that a part within tolerance can eventually 
be printed.

Figure 1: Comparison of the conventional design (left) with the optimised design (right) with 50% weight reduction: Due to the design space, both 
designs have a stress peak at the bottom centre, the deformation under load is most pronounced at the top height in both variants, but within the 
tolerance range. 



To verify this in practice, four components were built by 
the project partner SLM Solutions, two compensated and 
two uncompensated. The build job for the stainless-steel 
components, each measuring approx. 15 x 9 x 3 cm, took 
14 hours on the SLM 280 2.0 Twin machine, with approx. 
1800 layers in 50 µm layer thickness. Subsequently, 
the parts were examined by SLM Solutions for their 
accuracy and deformation. This clearly shows that the 
preformed components are significantly less deformed 
than the non-optimised components. Virtual production 
simulation therefore demonstrably brings decisive 
advantages for the quality and dimensional accuracy of 
the components.

Summary 

Many capital assets such as freight cars are in service 
for decades and continue to require replacement 
components for proper operation. However, there is 
often a lack of suppliers, tools or the time required for 
these to be delivered using conventional processes 
and missing semi-finished products. Here, additive 
manufacturing offers a much more flexible, tool-free 

production with short delivery times. However, classic 
component designs can be problematic for additive 
manufacturing, as they can be produced poorly or be 
unprintable. But in any case, they are very expensive 
due to the materials used and the associated machine 
runtimes. 

Therefore, it is necessary to generate highly 
manufacturable, cost-efficient lightweight designs. 
With Apex Generative Design, such optimisations can 
be performed quickly and easily - even without special 
simulation expertise. In combination with manufacturing 
simulation, Simufact Additive for metal and Digimat AM 
for polymer, users gain access to additive technology 
even without having expert knowledge of their own. 
The tools can be used to generate optimal structures 
adapted for manufacturing and to optimise the 
production process. The manufacturing simulation of 
the generated structure optimises critical elements 
of the manufacturing process, such as distortion and 
induced stresses, to manufacture the components with 
high quality. For the application at hand, the weight was 
reduced by half and the production-induced deformation 
was significantly reduced through pre-deformation. 
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Figure 2: On the left, the measurement result of the preformed part can be seen, which is significantly lower than that of the right, unadjusted 
part. Thus, Simufact Additive could achieve a significant improvement of the part quality here. Source: SLM Solutions

Figure 3: The four printed test objects made of 316L in 50 µm layer thickness on the build platform and still with support structure.                 
Source: SLM Solutions 
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How reducing heat 
distortion during 

additive manufacturing 
results in better tyre 

tread moulds 
By Seung Ho Lee, Research Engineer, Metal 3D, Korea; Seunghwan Joo,  

Chairman of the Korean Additive Manufacturing User Group (KAMUG) and Professor at Inha University;  
and Hyeon Jin Son : Senior Research Engineer, Winforsys.
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The world’s largest tyre manufacturers 
are exploring how 3D printing can 
impact the design, sustainability, 
safety and user experience of tyres.
Traditionally, metallic moulds are used 
to produce tyre treads.

Tyres play a critical role in keeping a 
vehicle safe and fuel efficient. They 
have to enable safe braking and 
vehicle handling on surfaces that can 
range from a dirt road to a smooth, 
freshly tarmacked motorway, and in all 
weathers.

Engineers therefore have to consider 
multiple factors when designing tyres, 
from air and water flow, resistance 
and friction, through to the curve of 
the tyre, its angle of inclination, and 
the effect of snow, rain, wind and heat. 
They also have to ensure their designs 
can be manufactured cost-effectively 

Figure 1. Measurement of deformation amount after cutting the calibration specimen (Source_Metal3D)

with minimal levels of defects. So, 
we set out to test how we could 
improve the  production of the metal 
moulds used to make tyre treads 
by using simulation and distortion 
compensation to optimise the metal 
additive manufacturing process.

Treads are key to overall tyre 
performance. Deep grooves in the 
tread maintain traction by providing 
a channel to expel water, snow or 
mud from underneath the tyre as it 
travels, aided by smaller slits called 
sipes, which are particularly numerous 
on winter tyres. A complex pattern 
of grooves and sipes provides grip 
and enables smooth handling, but 
it also makes tyre treads hard to 
manufacture. 

One of the primary difficulties in 
manufacturing treads lies in moulding 
the linear tread and sipe patterns 

to a tyre’s curvature. Traditionally, 
manufacturers use a milling machine 
to create a metal mould for the basic 
tread pattern and then deploy a laser 
cutter to add sipes and deliver a 
complex and non-uniform 3D shape. 
However, defects often arise in the 
final product because the sipes 
become stuck inside the rubber resin 
used to create the cast for the mould. 

By using additive manufacturing to 
create metal moulds for treads, tyre 
manufacturers do away with the 
need to use rubber resin to create a 
cast, thereby reducing the number 
of defective treads produced. They 
also remove the design limitations 
inherent to creating moulds with 
milling and laser cutting, introducing 
the freedom to create new tread 
patterns.
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Finding the source of stress

Being able to accurately print 
complex 3D metal moulds, however, 
requires an understanding of how 
to countermeasure the effects of 
thermal stress and thermal distortion, 
which are the greatest sources of 
defects during the metal additive 
manufacturing process. That’s 
because metal 3D printing based on 
powder bed fusion (PBF) involves 
using a laser beam to melt a metal 
powder, and then fusing the liquid 
metal layer by layer to  
form a part. 

The heating process puts the 
metal powder through a phase 
transformation of solid-liquid-solid 
and it is these repeated processes 
of heat flux and cooling that cause 
thermal stress and distortion.

As a result, manufacturers need to 
understand the impact of thermal 
stress and distortion on the finished 
mould. However, creating physical 
prototypes to identify thermal issues 
and resolve them is both time-
consuming and costly. Fortunately, 
it is possible to use CAE software 
to simulate additive manufacturing 
processes before printing the mould. 

With CAE software we can simulate 
and predict the distortion and residual 
stress that occurs during a 3D printing 
cycle, including the additive process, 
heat treatment, cutting, and hot 
isostatic press (HIP). The simulations 
can then be used to modify the 
process and design data, enabling 
manufacturers to “Print Right the First 
Time”. 

                    (a) CAD Model                                                                       (b) FEM Model mesh
Figure 2. FEM model applied to the tire mold (Source_Metal3D)

We therefore set out to determine 
which compensation methods best 
enable the use of simulation software 
to produce 3D printed moulds for 
complex tread designs, while at the 
same time reducing the number of 
defective treads produced using 
traditional methods.

Metal 3D printing process simulation

Given the importance of thermal 
distortion in the metal additive 
process, we used Hexagon’s Simufact 
Additive software to research, 
examine and optimise the powder 
bed fusion (PBF) method for 3D metal 
printing, based on the analysis of 
the tyre mould distortion according 
to the compensation function. We 
also conducted strength and fatigue 
analysis by considering the stress 
and distortion of the output after 3D 
printing. 

We began by putting in place a method 
for predicting tyre mould distortion 
via 3D printing process simulation. 
First, after modelling a tyre mould of 
the size to be printed, we input the 
relevant 3D printing conditions and 
materials. 

Next, we measured the unique 
distortion rate of the calibration 
specimen, printed to fit the conditions 
of the metal 3D printing device, and 
applied it to the simulation. Then we 
conducted the simulation by inputting 
the optimum process parameters. 
Lastly, after having printed the mould,  
we analysed the levels of  
thermal distortion. 

Setting up the simulation

We used the macro-scale mechanical 
method for speed and ensured 
accuracy by calculating the unique 
distortion rate, also called inherent 
strain. 

The unique deformation rate varies 
according to the metal powder’s 
characteristics as well as the laser 
speed, size, hatching pattern, and 
other features of the equipment. For 
this reason, we calculated it using 
calibration, based on the actual 
features of the device. 

Calibration is a method of deriving a 
unique distortion rate with simulation 
by using the distortion figures 
obtained from physical testing. After 
measuring and inputting the distortion 
of the partially cut cantilever beam-
shaped test specimen, the software 
calculates the unique distortion rate. 

Interpreting calibration results 

Calibration interpretation involves 
calculating the unique deformation 
rate by physically printing a specimen 
in each principal direction (0°, 90°), 
cutting it to measure the level of 
distortion, and entering the values into 
the Simufact Additive  manufacturing 
simulation software.

The distortions shown in Figure 1 
include numerous variables of the 
actual printing process, making it 
possible to conduct additive process 
simulation. By cutting the specimen 
to measure the deformation rate, 
we were able to determine 2.14 mm 
of deformation on the calibration 
specimen when placed at 0° and 2.12 
mm when at 90°. 
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Removing the support

Support structures play a very 
important role in 3D printing because 
they allow the release of heat and 
partially constrain the part against 
unwanted distortion. The printing 
preparation for the powder bed fusion 
(PBF) process includes generating 
support structures, which have to 
be removed after the part is cut 
from the base plate. Cutting away 
the supports, however, can result in 
additional distortion due to stress 
relief, depending on the geometrical 
situation. So, we used simulation to 
analyse and predict distortion and 
stress not only during printing but also 
for the following steps of cutting the 
part from the plate and removing the 
support structures.

Designing distortion compensation

During the metal 3D printing process, 
the high heat source (laser) often 
causes critical distortions resulting 
from the metal contracting and 
expanding, exceeding the acceptable 
deviations from original CAD data. In 
order to solve this issue, engineers can 
adapt a number of conditions, such 
as the additive manufacturing part 
orientation or the support structures 
they use. A more efficient alternative, 
however, is to virtually design a 
negatively pre-distorted shape to 
achieve distortion compensation. 
Distortion compensation design is a 
method of pre-distorting the part in 
the opposite direction based on the 
amount of distortion predicted to 
modify the design of the initial shape. 

Simufact Additive makes it possible 
to generate an amended pre-
deformed CAD file in the form of an 
STL or generic parametric formats like 
Parasolid and then use it to prevent 
distortion during printing the real 
physical product. 

Table. 1 SUS 316L chemical composition table (in wt %) (Source:Oerlikon)

Table. 2 SUS 316L physical-mechanical characteristics (Source:Oerlikon)

C Cr Cu Mn Mo N Ni P S Si
0.009 16.82 0.31 1.74 2.08 0.029 10.26 0.03 0.024 0.27

Properties Values
Density 7.99kg/

Specific Heat 0.45 J/
Thermal Conductivity 16.2 W/

Young’s Modulus 205 N/
Yield Strength 547 N/
Poisson’s Ratio 0.3

Tyre mould finite element model generation

We used a Finite Element Method (FEM) model to predict the tyre mould 
deformation and residual stress, deploying Hexagon’s Simufact Additive software 
as one of our finite element interpretation programmes. It uses the voxel mesh 
method to conduct the meshwork, which ensures even the most complex shapes 
are reliably meshed in a short time, without a need for large meshing knowledge 
and experience. Using this FEM mesh we generated a tyre mould model of the 
same size as the actual tyre so that we could gain an accurate evaluation. Based 
on the characteristics of the 3D printing process, the part model to which a laser is 
applied underwent very large thermal changes. 

Thus, the detailed mesh (Solid Type) was used (Figure 2). 

Assessing the 3D printing material 

Our simulation was based on the use of SUS 316L steel. In a mechanical simulation 
based on calibrated distortion rates no thermal and temperature dependent 
material properties are needed. All thermal influence is taken into account by the 
calibration process.

If instead users chose to take a thermal or thermo-mechanical simulation 
approach, they then need to consider the effects of specific heat levels, 
thermal conductivity, thermal expansion coefficient, density, and mechanical 
characteristics, as well as the temperature dependency for changing physical 
properties, according to the temperature. 

The physical property data of the material used for 3D printing manufacturing of 
the tyre mould are shown in Table 1 and Table 2 below, assuming an atmospheric 
temperature of 22 °C. The cooling method used after 3D printing was passive 
cooling based on time. The additive calibration and analysis were conducted using 
the same conditions as the actual 3D printing process. 
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Figure 3: Tyre mould thermal deformation interpretation result (Source_Metal3D)

Achieving a very tight tolerance 

The thermal distortion of a tyre mould 
was evaluated after removing the 
support structures. Figure 3 shows 
the comparison of tyre mould thermal 
distortion interpretation results before 
and after 3D printing. 

We conducted a mould  distortion 
analysis of the virtually 3D printed 
tyre mould, and confirmed distortion 
occurs in the Z direction on both 
ends. The maximum distortation 
was +Z direction at 1.1 mm, the 
minimum distortion was 0.7 mm in 
the –Z direction. The comparison 
of the simulation result (1.1 mm) and 
the actual result (1.5 mm) showed 
a difference of about 0.4 mm, but 
confirmed the virtual distortion 
occurred at the same location as the 
physical deformation (Figure 3). 

The first thing to check was whether 
the size and shape of the final 3D 

printed product after the completion 
of post-processing accurately 
reflected the STL file’s original design 
data. 

We used a 3D scanner to inspect and 
validate the printed tyre mould and 
confirmed a deformation of about 1.5 
mm in the Z-axis direction (Figure 3).

The deformation compensation 
method was used to conduct 
thermal distortion interpretation 
with the aim of increasing the tyre 
mould’s precision. We generated 
an STL file for tyre mould distortion 
compensation so we could analyse 
results after repositioning the 
support, using the same conditions 
as those experienced in the real-
world 3D printing process. The 
research then analysed thermal 
distortion using 3D printing distortion 
compensation. It confirmed that 
thermal distortion was lower (0.04 
mm) when using the distortion 
compensation function, compared 

to generating a support for the tyre 
mould as shown in Figure 3. 

By using compensation design, 
we were able to reduce distortion 
significantly, which proves the 
importance of the compensation build 
function. As shown in Figure 3, by using 
the distortion compensation method, 
the measurement result of the printed 
tyre mould via scanning confirmed 
that the maximum distortion was only 
0.03 mm. This means a tight tolerance 
within the permissible range (which is 
an excellent result). 

Future innovation in tyre 
manufacturing depends on being 
able to produce integrated tyre 
moulds that are both complex 
and precise. By applying the 
compensation method proposed by 
this research, we believe it will be 
possible to optimise tyre designs 
using an additive manufactured 
mould and reduce the number of 
defective tyres produced as a result. 
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|  Tino Kalettka and Hendrik Nater

Easy handling of difficult 
tasks: optimisation and 
design of lightweight 
crimping tool

Generative Design

Product design can be purely functional or primarily meet 
aesthetic criteria. Combining both these approaches, 
can result in highly functional and yet visually appealing 
designs.

Grasp the pressing tool countless times a day and single-
handedly crimp the sockets - a very strenuous activity 
over time. A lot of material is currently built into crimping 
tools to withstand the high pressing forces. This could 
become much easier in the future. Through optimisation, 
significantly better and lighter tools can be produced. 
There are various methods for finding the right form. 
Sometimes the form follows the function. Sometimes 
emotions are targeted. In a collaborative project with 
Hexagon, design experts Tino Kalettka and Hendrik Nater 

experimented with the possibilities of generative design 
as a starting point for creating form.

Very high forces are needed to crimp fittings and sockets, 
which is why existing crimping tools require considerable 
amounts of material to transmit the necessary pressure. 
Simple, massive geometries are also significantly easier 
to produce with classic production machinery. That this 
leads to a higher burden on the user during daily work 
with the crimping tools is accepted. With an increasing 
focus on workplace ergonomics and new technological 
possibilities, designers Tino Kalettka and Hendrik Nater 
have collaborated with Hexagon to generate new concepts 
for lightweight yet robust tools. They used generative 
design in a form-finding process and then built on this to 
generate the actual design.



Key highlights:

Product: MSC Apex Generative Design

Industry: Tools

Benefits:

Reduced material & weight

Appealing design following force flow

Manufacturable with current process
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Optimisation challenge

In order to explore the possibilities of new designs, a 
standard crimping tool has been chosen to serve as a 
foundation for this project. An optimisation with MSC Apex 
Generative Design was carried out to analyse potential 
weight reduction. Due to the extremely high forces, it was 
initially uncertain whether an optimised design would 
result, and if so, how this could be realised. In addition 
to optimisation by software, manual design detailing 
should then be carried out. The lightweight organic 
design that emerged from the optimisation process 
should subsequently be transformed into a sustainable 
product design. With the resulting force flows from the 
optimisation, a design should be generated that also 
builds up the necessary confidence in the innovative 
crimping tool.

How to create lighter crimping tools

For optimisation, an optimisation model was initially 
created in MSC Apex Generative Design. The model could 
be built quickly due to its low component complexity and 
also because it is a symmetrical design requiring only one 
half of the crimping tool to be considered and calculated. 
A force analysis carried out in advance revealed 
considerably higher forces applied during the pressing 
process. These forces were applied at the corresponding 
points during model preparation and with their generated 
stress values they constituted the core element of the 
optimisation. With different optimisation parameters 
representing target stress and design complexity, 
different geometries were generated and these were then 
taken as a starting point for the design detailing.
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Interaction of simulation and manual 
modelling

First, the designers determined the part’s “design” and 
“non-design” areas. Non-design areas are mechanically 
necessary geometries. Creative design spaces then 
emerged between these areas.

Based on the generated shapes, the design team selected 
the most promising result and conducted further analysis 
in terms of identifying main lines and characteristic 
shape. A draft design was manually sketched from the 
combination of optimised geometry and main lines. 
In various side views, the designers developed design 
variations. In doing so, they observed naturally shaping 
methods such as the golden cut. They set angles and 
curve sweeps in relation to each other and blended 
surface transitions. In this way, all design aspects result in 
a common, appealing language of form.

This first redesign, however, was still characterised by 
striking, linear structures without pronounced depth. 
Through a simulation of this revised component, the 
strengths and weaknesses of the new part quickly became 
apparent.

Now the results of the second simulation again served 
as the basis for sketches and rough CAD models. The 
designers discussed different variations in a close 
exchange before finally modelling a design. The simulation 
of this design showed exemplary force flows and thus 
exceeded expectations.

Why is modelling not simple superfluous 
decoration?

In the project, the two designers Hendrik Nater and Tino 
Kalettka manually reworked the mechanically optimised 
part to enhance perceived aesthetics. From a purely 
mechanical point of view, there is no reason to modify the 
highly efficient geometries - but why does it still make 
sense?

With our assessment of “beautiful” we express our positive 
perception of something. A situation, a process, a being, or 
a thing seems pleasant, attractive or good. In our culture, 
we make the assessment of “beautiful” on the basis of a 
wide range of different influences and assumptions. In our 
modern world, smooth, flawless, minimalist appearances 
are “beautiful”. 

In contrast, the creatively playful, dreamy or expansive 
may not seem beautiful in a culturally modern sense, but 
rather in a mystical, natural sense. If nothing else, beauty 
also gives us security and escape from the daily routine 
of our complex world. By de-cluttering, by reducing chaos 
and order, we maintain an overview of our otherwise very 

complex environment. With plastic forming we have the 
possibility to organise the generated structures. In plastic 
forming, the principal lines are defined first and then all 
further logical themes are subordinated to them.

The generically simulated shapes, with their similarity to 
bone structures, require fine plastic adjustments. In this 
way, the designers create their modelled parts with the 
appearance of bones covered with skin and muscles. This 
forming gives the product a unique, positive and lively 
expressiveness, which combines a functional design with 
an aesthetically pleasing appearance and creates a sense 
of familiarity with the new shape.

Final result after simulation and manual design detailing. Its rounded 
features and depth of geometry picks up on the organic structures and 
transfers them into an appealing and compelling design

The optimisation result of MSC Apex Generative Design was analysed for 
main lines and characteristic shapes for the design detailing 

Evolution of design variants from striking, linear structures to a design 
with pronounced depth



Evolution of design variants from striking, linear structures to a design with pronounced depth
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Crimping tool result

The geometry modified by the software was subjected 
to a formal-aesthetic analysis in which the designers 
retained the organic form and were thus able to realise 
better transitions and force flows. With the findings 
gained, various design variants of the previously 
generated simulations were created and combined. In 
this way, they created an appealing design which, with its 
rounded features and depth of geometry, picks up on the 
organic structures and transfers them into an appealing 
and compelling design. Although the design has been 
significantly changed, the part can be produced current 
manufacturing process. 

Summary and findings

The results of generative design can provide decisive 
impulses for formal ideas. In plastic forming, designers 
create relationships, whereby a characteristic feature 
can emerge from the relationships between individual 
facets. These intrinsic relationships can be addressed by 
optimising the geometry and visualising the force flows. 
Using the method, the component is not styled without 
context, but is semantically supported. Because the forms 
then emerge from an inner necessity, the design evokes 
familiarity; it is fully customised and validated by the 
software to meet the requirements and is appealingly and 
meaningfully crafted by the manual design process. 
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|  MIBA

Generating competitive 3D 
printing designs for simple 
parts over lunch time

3D printing has a high potential with its production flexibility 
and geometry freedom. Yet, it is difficult to be competitive 
with traditional manufacturing technologies. More economic 
designs can be created by optimisation but until now this 
has been a complex process. MSC Apex Generative Design is 
here to change that. 

Now that additive manufacturing has become mainstream 
and is implemented more and more in manufacturing 
centres all around the world, new software solutions for 
design generation and optimisation are needed to exploit 
the potential of this new manufacturing process. Apart 
from niche applications, it is quite difficult to identify 
use cases where AM can be competitive with traditional 
manufacturing technologies. A highly sophisticated 
design is required to drive down AM costs. So far though, 
the process of manually adapting conventional designs 
has involved both a very high amount of work and a high 
amount of expertise. Hexagon makes this process easier 
now with MSC Apex Generative Design, and with its 

semi-autonomous workflow, creating new AM-compatible 
designs easier than ever. 

The challenge 

To put this to the test, MIBA Sinter Austria GmbH, a 
technology leader for powder metallurgical applications, 
decided to optimise the hinge on a sintering furnace. 
Due to the lower number of pieces being manufactured, 
MIBA determined it was a good candidate for additive 
production. Yet, the very simple application and part 
design would not have been a feasible candidate for a 
complex optimisation. It usually does not appear to be 
economical, since the optimisation process is so time-
consuming – and manual construction with technology-
specific experience would therefore be necessary. With 
MSC Apex Generative Design 2020, this assumption could 
be broken, since MIBA was able to start and finish the 
complete optimisation within an hour. 
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The solution 

The significantly more efficient workflow of MSC Apex 
Generative Design helps realise considerable time savings 
compared to existing optimisation solutions and manual 
part design. With a drastic reduction of the optimisation 
and development time, it is now also profitable to optimise 
simple parts as well as complex optimisation models. The 
successful cooperation between Hexagon and MIBA Sinter 
Austria GmbH shows that this can also be implemented 
cost-efficiently in practice. 

The existing hinge CAD data was first imported into MSC 
Apex Generative Design. The design and non-design areas 
required for optimisation were created directly within the 
software with just a few mouse clicks, thanks to the tool’s 
integrated modelling functions. Non-design-areas such 
as connections and force introduction points, remained 
unchanged. The engineers then defined the optimisation 
parameters and the maximum stress value in a few 
different scenarios, so that a variety of optimised design 
candidates could be generated. 

Optimisation almost in real-time

Once the simulation process began, the software 
automatically created a mesh within seconds. Due to the 
automatic adjustment of the mesh resolution, the first 
optimisation iterations were run through within seconds, 
and as the iterations increased in complexity, the mesh 
began to refine automatically, and thus began slowing 
down a bit, up to a few minutes for each iteration. Yet, 
no user interaction is required during the optimisation 

process as all intermediate steps are conducted by the 
software. During the simulation process, each iteration 
is visualised and displayed in the user interface in real-
time so the user can always check the design direction 
for feasibility. If the users do not like what they see during 
each iteration of the optimisation, they have the ability to 
react immediately to possible errors in the model setup 
and correct them. To speed up the optimisations, MSC 
Apex Generative Design can calculate on graphics card 
(GPU), and remote solving on computer servers is also 
possible. These two options can increase the simulation 
performance even further.

The result

In the case of the above-mentioned hinge from MIBA 
Sinter Austria GmbH, the three design proposals (with 
different stress goals) resulted in a mass reduction for 
each hinge from 338 g to less than 40 g, significantly 
driving down production costs. This reduction results in 
significantly lower raw material usage and production 
time, thus immediately lowering production costs. 

Dr. Martin Laher, Director for MIBA Sinter Austria GmbH, 
agreed: “To be more cost-effective, a redesign was 
absolutely necessary. With MSC Apex Generative Design 
2020, we were able to show that printing time and costs 
could be significantly reduced, and we are now more 
competitive with additive manufacturing.” With a calculation 
time of just 40 minutes per design on a normal workstation, 
such applications in product development can be realised 
even over a lunch break and finalised within hours instead of 
weeks. 

The existing design is imported directly into the software and prepared for model construction with a few clicks. 
During simulation, the progression of each iteration is shown to check the progress, which can be seen above.
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Verification and manufacturing simulation

Hexagon’s additive design and manufacturing workflow 
provided a highly fluent workflow for MIBA. Due to the 
good data communication between design, simulation 
and manufacturing software within the Hexagon additive 
workflow, the design result could be transferred into 
the renowned FEM solver MSC Nastran for certified 
validation, which allowed an immediate re-analysis of the 
resulting design without much manual effort. 

Since MSC Apex Generative Design allowed a direct 
import into the manufacturing simulation of Simufact 
Additive, the generated lightweight design was then 
optimised to the precise requirements of the 3D print. 
A shrink line would have occurred when manufactured 
upright, and with Simufact Additive, a different print 
position could be found, which not only prevented the 
shrink line, but also reduced the height of the build job 
and optimised support structure for a defect-free and 
cost-efficient production.

At the end of the day, MIBA Sinter Austria GmbH found 
a competitive design by using the appropriate digital 
tools, so that even the lunch break can become a highly 
productive and creative time. 
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MSC Nastran validation of the received optimised design

Simufact Additive analysis showing a shrink line in the bottom area whereas in a different position the build height and 
displacement could significantly reduced

Key highlights:

Product: MSC Apex Generative Design, Simufact Additive

Industry: Machinery and equipment

Benefits:

85% weight reduction

40 min calculation time

Tailored for additive manufacturing
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|  TRUMPF

Optimising semiconductor 
production hardware 
Utilising generative design computing to drive future computing power by 
ensuring high quality and high performance manufacturing

To increase computing power, the semiconductor industry 
has to find ways to downsize the electronic components 
further and further. A new generation of metrology tools 
is required to control the performance of the production 
in the nanometer range. To do so, MSC Apex Generative 
Design has been applied to create new designs.

Today, simulation is a key driver of further technological 
enhancements. This has been fostered by a major 
increase in computing power in recent years, enabling the 
creation of more realistic simulations, reducing calculation 
times and exploring different scenarios without much 
effort to arrive at advanced innovations. The electronic 
components must be downsized more and more in order 
to increase computing power.

In recent years, the semiconductor industry has taken 
one big step forward in this process with the development 
of extreme ultraviolet light (EUV) lithography, pushing 
the wavelength from 193-nanometer light to just 13.5 

nanometers – a completely new dimension. This focused 
light is then used to erode and coat different layers from 
and to a silicon wafer. This creates a specific electric 
characteristic that will ultimately make up the next 
generation computer chip. Laser systems are the essential 
part of this coating process, and it must always be 
ensured that they are in their exact position.

Thus, the new processing facilities require a new 
generation of metrology tools, which make it possible 
to control the optical performance of EUV lithography 
components in the nanometer range. RI Research 
Instrument supplies the right tools to major players 
in the semiconductor industry, which comply with the 
requirements for precision and cleanliness essential for 
EUV lithography. To create this new generation of tools, a 
consultancy project with TRUMPF – a pioneer in the field 
of AM with 20 years of experience – in cooperation with 
Hexagon was initiated to optimise and manufacture a 
metrology component.



Optimisation model with design space and stress based simulation with very homogenous stress distribution 
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Optimisation requirements of the sensor 
arm

One part of an EUV qualification is the so-called sensor 
arm. Sensors are mounted on a plate positioned at an 
angle of a long arm extending from the primary structure 
into the measurement chamber. 

The arm has an “L-shaped” mounting, and with the self-
weight of the sensor there is only one load case to be 
considered. The goal of optimisation is to achieve a design 
which is lightweight and thus inexpensive to manufacture, 
as well as to maximise the stiffness of the overall 
structure. In addition to this, the first Eigenfrequency shall 
be maximised. 

Further requirements are made for the shape of the 
geometry: viewed from the side of the structure, the 
surface shall be minimal. As no foreign particles are 
allowed to contaminate the highly sensitive equipment, 
consequently cleaning the core elements of the 
qualification tool is also hugely important. Therefore, 
the geometry shall not have small gaps or thin undercuts 
which are difficult to clean. Given these objectives, the 
part’s structural analysis for the actual optimisation was 
started. 

First, an analysis of the original part design was conducted 
using MSC Apex Structures to retrieve the values for 
displacement, stress and first Eigenfrequency. With 
the comprehensive tools of MSC Apex Structures this 
was easily obtained and is for comparison. Then the 
first optimisation with MSC Apex Generative Design was 
prepared. 

Given the original geometry, the model for the optimisation 
was set up quickly. The design space was defined with a 
few clicks, the non-design spaces for the mounting was 
reduced to only small bolts in order to maximise the design 
freedom for the optimisation. Steel was chosen as the first 
material to test. The overall model was defined in less than 
10 minutes.

Applying different materials for 
generative design 

The result for the steel material only achieved a small 
reduction in weight, the stiffness increased by a factor 
of five. Another run was conducted with the aluminum 
alloy AlSi10Mg. Here, another load case was applied to the 
optimisation with a load pushing from the side against the 
plate. This intended to increase stiffness and thus also 
drive the first Eigenfrequency upwards. 

The result was much better than before: the weight was 
reduced by 42% for the original part design, from 1,227g 
to only 711g. Another optimisation was started in order to 
check whether a titanium alloy may be even better owing 
to a higher material stiffness, but since it is significantly 
heavier, it could not beat the aluminum geometry. 

In order to validate the values and the overall geometry, 
the optimised structure was checked again with MSC 
Apex Structures. With the new Nurbs functionality of MSC 
Apex Generative Design, the bionic result generated was 
transferred with the mesh-to-CAD feature to solid Nurbs, 
making it easy to import and process the optimisation 
result in MSC Apex Structures. The analysis obtained 
excellent improvements: alongside the 42% weight 
reduction, the optimised structure increased in stiffness 
by 400% and exhibited an increase of 105% for the first 
Eigenfrequency.

The manufacturability was then checked with Simufact 
Additive. The orientation assistant suggested placing the 
part in a straight position with a slight angle. Due to the 
long dimension of the arm, this was necessary to fit into 
the build chamber of the manufacturing machine.

The TruPrint 3000 by TRUMPF was ideal for this task, 
being a universal medium-format machine with industrial 
part and powder management, designed for flexible 
series production of complex, metal components using 3D 
printing. 



MSC Apex Generative Design transitioning of the optimisation result to 
Nurbs for an easy processing with MSC Apex Structures

Manufacturing simulation with Simufact Additive to optimise for the 
manufacturing with TruPrint 3000
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The simulation also guaranteed that no support structure 
is built upon the part itself. The support structure was 
further optimised by the software, and further analysis is 
performed to achieve a perfect print result without any 
manufacturing issues.

Integrated workflow for FEA validation 
and production

The production of high-end semiconductors is among the 
most advanced technological challenges, but it is also the 
enabler of tomorrow’s technologies. It is only logical to 
apply the chip-enabled high computing power to improve 
the production of themselves. Generative design utilises 
this computing power to generate different, optimised 
structures for a certain design challenge. 

 A significant improvement was gained by applying 
MSC Apex Generative Design to the optimisation of 
a sensor arm of an EUV metrology tool. The good 
data communication between virtual design and the 
manufacturing simulation of Hexagon’s additive workflow 
generated a better part design overall without much 
effort.

A significant improvement in all relevant objectives was 
achieved, increasing the performance of EUV metrology 
tools – making more powerful chips possible for even 
better simulations in the future.

Key highlights:

Product: MSC Apex Generative Design

Industry: Electronics

Benefits:

More lightweight and higher stiffness

Good to manufacture

Less shading in the lithography chamber
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|  Gerhard Schubert GmbH

Lightweight additive 
technology for increased 
efficiency in the packaging 
industry
Quick and easy optimisation of highly individual grippers in automation technology

The packaging industry is highly automated thus 
making the quick and safe packaging of goods possible, 
requiring lightweight design as a core element in product 
development. 

The lighter the gripping instruments are, the more 
efficient and faster this process becomes. With MSC Apex 
Generative Design, lightweight designs can  
be created quickly and easily for many different  
gripper designs.

Grip, transport, deposit, pack. These are the essential 
tasks of packaging machines, which pack the individual 
production goods safely and reliably with their highly 
automated gripping and conveying elements. The large 
differences in weight, size and geometry of the products 
mean that the grippers are usually very individual and 
often very complex. In addition, there is a requirement to 
design the moving masses to be as light as possible, but 
at the same time as rigid as possible, thus saving energy 
during operation and still ensure safe transport. This 

leads to high demands on product development, since 
the classic design or optimisation of such individual and 
complex gripping units is particularly costly and time-
consuming. 

The challenge 

End customers and trade demand an ever greater 
variety of packaging. At the same time, packaging and 
materials should become significantly more sustainable 
in the future. These trends demand short reaction times 
and that manufacturers adapt very quickly to market 
conditions. 

This can only be achieved with highly flexible, high-
performance packaging machines and rapid development. 
New technologies are required to meet the demand 
for highly individual packaged goods and to reduce the 
amount of material and energy consumed.



Figure 1: From CAD import for preparation of the model to CAD export for validation with MSC Nastran, optimisations can be implemented quickly and 
completely in MSC Apex Generative Design. 

Figure 2: Subsequent changes can be inserted quickly with the geometry tools and then connected cleanly and meaningfully with just a few 
optimisation iterations.

Generative design

These requirements also apply to this particular Gerhard 
Schubert GmbH application. The family-owned company 
from Crailsheim in Germany offers innovative packaging 
machines featuring an intelligent, modular design and 
exceptional customer benefits. The development of a new 
gripper unit for gripping and transporting a packaging tray 
should also meet this requirement. An optimisation with a 
classical approach and software did not bring satisfactory 
results and also entailed a high development effort. The 
analysis of the gripper component showed the occurrence 
of stress peaks and insufficient stiffness, both of which 
are core requirements for grippers. A new approach was 
necessary in order to achieve a lightweight design.

The solution

A combination of generative design and additive 
manufacturing promised a solution. With generative design 
even complex lightweight designs can be created quickly 

and easily. The low effort allows the optimisation of highly 
customised simple and complex grippers even for small 
quantities. The generated structures can be produced 
with additive manufacturing in an uncomplicated, digital 
and immediate manner; even very light and highly complex 
structures are easy to produce. 

MSC Apex Generative Design was used as a powerful 
yet easy-to-use software. For the present use case, the 
initial geometry has been loaded as a CAD model in MSC 
Apex Generative Design. The optimisation model was 
designed on the basis of this geometry, with the necessary 
connection areas and the permitted design space, with 
PA12 plastic specified as the material. The intuitive user 
interface with its powerful geometry functions made it 
possible to transform the sophisticated initial geometry 
into a start-ready optimisation model in less than an 
hour. Before the model can be completed and the actual 
optimisation started, another 15 minutes are needed to 
add the boundary conditions and the target parameters 
for the optimisation. 



Figure 4: Manufacturing simulation of plastic printed parts avoids excessive 
deformation for maximum accuracy in the demanding gripper use

The result

Only 18 minutes were needed by the optimisation server 
to create a lightweight design. This short computing 
time makes it possible to try out different parameters 
and variants without difficulty, in order to choose the 
most suitable design. For example, a variant may be 
particularly lightweight, but is difficult to clean due to 
its complex structure. Therefore, a less complex design 
is initially selected. At just 150 g, this is nevertheless 
a true lightweight - compared to 340 g for the original 
component (PA12), a weight reduction of 56%!

To provide additional stiffening for special load cases, 
the customer asked for cross-shaped struts inserted in 
the mid-section. To do this, they were roughly inserted 
into the optimised structure at the correct position 
by the implementing engineer with the help of the 
geometry tool in MSC Apex Generative Design. This new 
structure was again processed in several iterations 
by the algorithm to create a clean connection and 
smooth transitions. The remarkable aspect: Despite 
additional struts, the weight has hardly changed, the 
algorithm has cleanly attached the struts and removed 
the now superfluous material from other areas. A new 
local optimum could be found to solve the optimisation 
task, demonstrating the wide range of solutions that 
generative design can produce for a given problem.

Verification and manufacturing simulation 

The selected variants are returned to CAD with a few 
mouse clicks using the integrated Mesh-to-CAD function. 
As NURBS models, they could then be imported directly 
into MSC Apex Structures and verified there with the 
familiar MSC Nastran algorithms. The results show a 
significant improvement with a four-fold increase in 
stiffness with also significantly lower stress under load.

In the next step, the production of the design in plastic is 
simulated and optimised. To do this, it was imported into 
Digimat AM, laid flat on the platform and the mesh was 
generated for optimisation. The analysis showed very 
low overall component distortion with only two outlying 

areas having excessive deviation. These deviations can 
be compensated for with Digimat AM by creating a pre-
deformed structure so that a correct structure exists 
after successful building.

The company has an additive manufacturing facility for 
metal, so a metal variant was also to be built for test 
purposes, also to test use at higher temperatures. For 
this purpose, a further optimisation was started using an 
aluminium alloy material. However, the installation space 
for the component was not sufficient, so the structure 
was split at the upper strut and a flange was added, 
which was reconnected in a suitable and complete way 
with some optimisation iterations. The production of 
the now two-part design could then be simulated with 
Simufact Additive. The components are positioned so 
that they both fit together on the building platform. The 
software calculated all the necessary support structures 
and created the mesh for the simulation. This revealed 
that here, too, warpage would have to be expected. With 
the help of warpage compensation this could however be 
reduced to a minimum. 
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Figure 3: A retransition to standard CAD formats based on NURBS can be 
achieved at the touch of a button, even with complex structures

Figure 5: With Simufact Additive, metal-based production can be 
simulated in advance. The positioning, support structures and 
manufacturing parameters can thus be optimised and distortion 
and high stresses can be avoided.



Figure 7: There are some pores in one of the legs of the component. 
However, an analysis by VGSTUDIO MAX shows no impact on the 
application when under load

Figure 6: Deviations of the component from the TARGET geometry of 
the CAD file (left) and wall thicknesses of the component (right). The 
largely uniform green colour gradient indicates low deformation and 
homogeneous material distribution. The pink colouring of the panels 
is the result of subsequent manual surface processing in CAD for the 
logos.

Summary

All in all, the entire scope of performance of MSC 
Apex Generative Design and other MSC tools could 
be demonstrated here. In addition to the powerful 
CAD import functions providing a simple and direct 
path to the optimisation model, various designs 
could be generated extremely quickly. Subsequent 
adjustments such as additional struts and flanges 
could also be designed and optimally integrated, a 
return to NURBS-based CAD formats is created with 
a few mouse clicks and allows direct validation with 
MSC Nastran. Digimat-AM and Simufact Additive can 
then be used to simulate and optimise production, 
thus guaranteeing an excellent final result. CT 
scans were used to check the real component. The 
data analysis with VGSTUDIO MAX shows a good 
overall result, which could optimally be prepared 
for production and use with digital design and 
manufacturing simulation from Hexagon.

Analysis of the component using  
CT scan data

The metal version was then manufactured in aluminium and 
examined with a non-destructive CT scan after production. 
The VGSTUDIO MAX software was used for the analysis of 
the resulting CT data. The detailed, digital image can be 
compared in the software with the original CAD data to 
clearly show any deviations. As can be seen in the picture 
(Figure 6), the production shows a slight deviation in the legs 
of the component, in which also some pores (Figure 7) can 
be found in the scan (enlarged for illustration). 

The analysis of the deviations and the material thickness 
(Figure 6) shows that the component has a nice, even 
colouring as a whole. The deviation on the panels is due to 
the subsequent, manually inserted area with lettering. The 
deviation towards the outside can be milled without any 
problems. The almost continuous green colouring of the 
wall thickness shows the excellent homogeneous material 
distribution which is necessary to ensure successful 
additive manufacturing.
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Quality and validation 

Directed energy deposition (DED) is a powerful additive 
manufacturing technique that combines a high degree 
of freedom in design with relatively high deposition 
rates that can increase throughput. DED structures 
are created by repeatedly depositing weld beads from 
powder or wire feedstock, which also makes it an 
attractive technique for hybrid manufacturing because 
features can be added to a base component. However, 
the numerous heating and cooling cycles involved in the 
deposition process result in a complex thermal history 
that can entail distort the entire component. 

Today, trial-and-error is the common approach to 
correct for these inadmissible distortions and the 
cost and time required has reduced momentum in the 
use of DED. The AGENT-3D project, IMProVe, brought 
together plasma and laser technology provider OSCAR 
PLT, the Chair of Material Engineering at TU Dresden 

and manufacturing simulation specialists from 
Hexagon to demonstrate smarter ways of addressing 
the distortions that arise during DED processes. 
IMProVe stands for “Innovative materials, systems and 
processes by overcoming the process limits in additive 
manufacturing”.

The IMProVe team decided the best approach was to 
feed the weld robot with a pre-deformed geometry that 
compensates for the distortions that arise during the 
DED process, so that it will then adjust the final part 
to match the intended – and undeformed – shape. The 
key to this procedure, termed distortion-compensation, 
is predicting the ideal pre-deformed geometry. As the 
numerical process simulation specialist, Hexagon’s 
remit was to predict the compensated geometry without 
the need for expensive experimental builds.  

|  OSCAR PLT and TU Dresden

Overcoming distortion 
in new DED additive 
manufacturing processes 
with simulation
By Dr.-Ing. Beatrix Elsner, Dr. Frank Silze (OSCAR PLT) and Dr. Axel Marquardt 
(TU Dresden)

Figure 1: Shape comparison between CAD (solid colour/white) and additive manufactured components (transparent green). The CAD 
colour coding indicates the surface deviation in [mm]. Left: Original component. Right: Shape-compensated component.  



Uncompensated benchmark 

The project used sample geometry provided by OSCAR 
PLT. The thin-walled structure consisted of 61 weld 
tracks, stacked to form a tube with several different 
corner radii that would be used to probe the effect 
of sharp turns and smooth curvatures. This was first 
manufactured without distortion compensation to 
provide a reference geometry. 

To manufacture this part, the start and end points were 
shifted with each layer to prevent the accumulation of 
recurring irregularities at these points. A 316 LSi (1.4430) 
wire feedstock material with a diameter of 1.0 mm was 
deposited by a coaxial direct-diode laser system at 960 
W and a weld velocity of 12 mm/s. The coaxial wire feed 
ensured high quality deposits in all weld positions. 

After the deposition process, the final shape was 
evaluated using a high-resolution 3D-scan at TU Dresden. 
Comparison to the CAD data (Figure 1) revealed a shape 
deviation of up to 1.4 mm had been introduced during 
manufacturing that needed to be reduced. 

Simulation strategy

While using simulation for shape-compensation is already 
a state-of-the-art procedure for powder bed fusion 
processes, the same desirable characteristics that give 
DED technology additional degrees-of-freedom and high 
deposition rates also pose new challenges for the setup 
of numerical process simulations. Unlike powder bed 
fusion processes, simplified mechanical approaches 
or techniques based on the effects of cumulative layer 
heating do not apply. The DED process shares more 
characteristics with welding, and as such Hexagon’s 
Simufact Welding simulation environment was used to set 
up a transient thermo-mechanically coupled model. 

To setup the simulation, the 61 weld tracks were directly 
imported from the robot G-Code (Figure 2). The track data 
was also used to create the required deposit geometry 
in the MSC Apex CAE environment (Figure 3), where a 
congruent mesh of hexahedral elements that aligned with 
the individual weld beads was constructed. 

The 316 LSi material properties were selected from the 
Simufact Welding material database and the heat source 
properties were set according to OSCAR PLT’s actual 
DED process parameters. To model the DED process, an 
advanced element activation scheme was introduced 
that can provide both stable deposit element handling 
and more accurate results. The simulation results were 
the temperature distribution, stresses and strains, and of 
course the final distortion of the component. 

Figure 2: Model set up in Simufact Welding. Yellow lines indicate the 61 
weld tracks with red disks visualising the weld source at the respective 
start positions. Black arrows represent the weld orientation. For clarity, 
the meshed geometry is reduced to transparent blue. 

Figure 3: DED sample geometry positioned on baseplate. The Parasolid 
was directly generated from the weld tracks defined in the robot 
G-Code. The volume associated with one of the weld tracks is highlighted 
(orange). 



Residual distortions of the component can be 
attributed to the following two causes. The 
first lies in the nonlinear relation between 
the distortion and changes to the geometry. 
Experience with numerical shape compensation of 
powder bed fusion processes has taught us that 
this issue can be effectively addressed via iterative 
compensation schemes. The second reason lies 
in the finite offset between the initial simulation 
and the real part. Because the simulation slightly 
overestimated the distortion, the inversion of 
the predicted deformation also resulted in over-
compensation, as expected. Further calibration of 
the model would have reduced this effect. 

This project aimed to evaluate the benefits arising 
from a model based on default material data and 
parameters without the need for experimental 
input other than the robot G-Code. With more than 
60% of the distortion eliminated, this ambitious 
target was achieved. Even in cases for which 
no initial experimental test-build is available, 
numerical distortion compensation makes it 
possible to manufacture an optimised part right 
with the first build. 

With more than 60% of 
the distortion eliminated, 
this ambitious target was 
achieved. Even in cases for 
which no initial experimental 
test-build is available, 
numerical distortion 
compensation makes it 
possible to manufacture an 
optimised part right with the 
first build.”

Having demonstrated successful distortion 
compensation for a DED process, the project 
partners OSCAR PLT, the Chair of Mechanical 
Engineering at TU Dresden, and Hexagon moved 
forward industry efforts towards the industrial-
scale implementation of DED manufacturing and is 
looking forward to further collaboration. 
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Figure 4: Final distortion-compensated component. (Credit: OSCAR Plasma-Laser-Technologie) 
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Markforged provides unique additive manufacturing (AM) 
composite materials consisting of a base engineering plastic, 

typically Onyx, and continuous fibre strands that compete with 
the strength of metals.  When designing with multi-material 

composites, how do you make sure that your design satisfies the 
parts technical requirements, or that you’re not overdesigning?

Philippe Hebert, Hexagon

Predicting Markforged 
additive manufacturing 

performance with 
simulation software
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Markforged & Hexagon have 
partnered to solve this problem. 
Everyone in the AM Community will 
agree AM final part properties are 
highly dependent on the additive 
process, which constrains high-end 
industries, such as aerospace, to 
certify an ensemble material-print-
er-process-part. For both metals 
and composites, there is a need to 
establish the link between material 
properties and final part mechanical 
behaviour. For metals, part mechani-
cal behaviour is impacted by building 
direction, surface roughness, and 
porosity. For continuous fibre rein-
forced composites, the tool pathing 
that lays fibre orientation is the 
largest factor that drives mechanical 
behaviour. 

This is exactly what we love to do 
at Hexagon: go back to the manu-
facturing to understand how the 
material was processed (defining its 
microstructure) and to accurately 
predict the material behaviour and 
the design performance with an 
approach called Integrated Com-
putational Materials Engineering 
(ICME). As the leader in composite 
material modelling, we started 
developing our material modelling 
platform Digimat 16 years ago. As 
an example, our technology ena-
bles our customers to perform an 
injection molding simulation, deduce 
the fibres orientation everywhere 
in the part, and run a coupled finite 
element analysis (FEA) simulation 
that will use this as-manufactured 
material microstructure to derive 
the right mechanical behaviour. With 
the same philosophy, this successful 
workflow is now expanded to AM. 

This partnership owes its birth to 
Danfoss, a global industry leader 
that provides hydraulic and electron-
ic solutions for mobile equipment. 
Danfoss realised that the same 
validation tools used in tradition-
al manufacturing processes were 
needed for AM and proposed to us 
creating these tools in partnership 
with Markforged. They also came 
with a sample part to be evaluated 
and tested. This part, previously ma-
chined from aluminium, is a bracket 
used to lift housing castings along in 
the assembly process.

It benefits from AM as:

• It allowed the team to make unique 
geometry that matched the shape 
of the housing easier than we could 
with traditional manufacturing; and

• It enabled quick iterations and 
configurations to find a design 
that holds the pump securely and 
does not allow lifting in any other 
orientation (poke-yoke design)

• Previous (similar) fixtures have 
been machined from aluminium. 

Modelling Markforged composite 
materials is a true challenge as a part 
will typically be made of: 

• An Onyx shell (a few dense layers/

beads that define the part outer 
surface)

• A lightweight infill (e.g., a triangular 
pattern that partially fills the 
interior to save time and material)

• Two levels of reinforcements 
(chopped carbon fibres within the 
Onyx base material and carbon/
glass/Kevlar continuous fibres) 

• This requires a multiscale 
modelling approach to consider the 
effects at the microscale level on 
the effective material properties. 

To tackle the challenge offered 
by Danfoss, a finite element (FE) 
mesh of the part was built and the 
load and corresponding bound-
ary conditions were defined. We 
then defined an experimental test 
with Markforged on the Onyx and 
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Composite. Finally, the triangular 
infill has been virtually tested in 
Digimat by preparing and solving a 
separate FEA on a representative 
unit cell of the infill pattern.
Once the material had been 
characterised, we needed a second 
key ingredient for the simulation: 
the manufacturing data – in this 
case, the toolpath. Since it used 
proprietary information from Eiger, a 
dedicated interface was developed 
to export the manufacturing data to 
Digimat. It was then read, analysed 
and converted into a format suitable 
for the simulation and mapped 
onto the structural FE mesh. At this 
stage, the coupled Digimat-FEA 
simulation was ready to run.

Danfoss’ lifting tool has been 
physically tested to failure on an 
Instron machine. The simulation 
results of the Onyx-only part 
are in good agreement with the 
experiments: the  failure location 
(close to the hole where the loading 
is applied) is accurately predicted, 
and the maximum force that can be 
applied underestimates the physical 
test by 25%. 

Of course, further improvements 
will be investigated to enhance the 
simulation accuracy. For today,  let’s 
imagine we did not get the physical 
test (and you don’t want to test each 

part): the simulation tells you that 
the part actually sustains four times 
the technical requirement (that 
embeds itself a safety factor of 5), 
all that without the CF! Needless to 
say, there is a large potential to cut 
down mass and cost. 

This story is just the beginning of 
a very exciting journey, as these 
simulation capabilities have been 
integrated in the Digimat 2020.0 
platform. Users will also benefit 
from process simulation to better 
understand how to master the FFF 
printing process. In the medium 
term, we can foresee a lot of 
synergies between Markforged and 
Hexagon, as Hexagon is a global 
leader in sensors and metrology 
hardware and software, paving the 
way for a strong digital continuity 
approach. 
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|  Laser Metal Deposition 

Pump impellers – a rotating 
functional key component 
in a centrifugal pump 
assembly 

“With metal and polymer manufacturing 
capabilities, Objectify has made its 
mark in providing efficient additive 
manufacturing services to industries 
across the globe. From white goods to 
aerospace components, we have been 
working relentlessly in improving our 
process and deployment strategies,” 
said Mr. Ankit Sahu (Director, Objectify 
Technologies Pvt. Ltd.) 

Whenever any industrial challenge arises, there is likely 
a capability and a team of people available to overcome 
it. The following industrial solution case study fits 
this bill. The only problem with industrial challenges is 
missed opportunities to connect with the right team with 
adequate capabilities. 

Objectify Technologies Pvt Ltd (OTPL), located in Delhi 
NCR, is a leading name in additive manufacturing 
solutions. OTPL believes in investing in state-of-the-art 
capital of well-trained engineering staff, latest Powder 
Bed Fusion machines (by EOS - M280, M290s including 
M400-4) and allied post-processing 3-axis and 5-axis CNC 
milling centres to cater to Indian and overseas clients’ 
needs to produce quality parts with improved productivity 
for challenging lead times. 
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Figure 1: A schematic of a pump.  

Figure 2: Types of impellers as illustration (Open, Semi and Closed).

Design and engineering

“With the onset of new and improved additive 
manufacturing adaptation, India has come a long way 
in idealising the prospects of 3D printing for their 
manufacturing processes. This case study highlights when 
an industrial challenge is tackled well, the new frontier of 
solutions evolve that helps build competitive advantage 
for the industry,” said Mr. Rahul Pise (GM – Design & 
Operations, Objectify).

Challenge faced by the industry

An industrial player – our client (dealing with fluid flow 
machinery and its control solution provision for the oil and 
gas, energy and power, process industries) has a need for 
custom designed and custom-built centrifugal pumps. This 
type of design and make is a low volume, high mix type due 
to a variety of reasons (Figure 1 – A schematic of centrifugal 
pump). The fluid flow rates and pressure head are essential 
to move the bulk fluid to elevation or to a distance. The fluid 
media’s corrosiveness dictates the geometry of setup, the 
choice of metal alloys to be used, and the manufacturing 
techniques for constructing the rotating machinery of the 
fluid pumps. These types of custom build solutions are 
not the usual kind - high volume production units of, for 
example, water irrigation pumps with better streamlined 
low-cost casting techniques for the centrifugal pump 
housing and its main rotating component - the pump 
impeller.

For a particular customer of our client, a pump was 
designed with an impeller to be made with non-corrosive 
stainless steel grade SS316L, but it was with a geometry 
that is a closed impeller type and with a dia of 300+mm 
(Figure 2 – Geometric section of closed impeller as 
illustration). For such unique impeller shapes, the 
development cost and lead time with conventional means 
of investment casting is quite onerous (almost to the same 
extent as manual craftsmanship from pattern making 
with the lost-wax approach). There are also several quality 
risks – such as unknown shrinkage of geometric features, 
unpredictable porosity voids due to hot spots, rough 
surface finish of internal undercut features which are 
difficult to process for manual grinding/polishing etc.

“We had to develop new parameters for SS316L to 
facilitate the build process. Various iterations of support 
structures needed to be simulated for optimum results 
without failures. Also, since undercutting the part wasn’t 
an option in conventional manufacturing via CNC milling, 
this gave a good lead for us to proceed with EOS - M400-4 
and we could make 100 parts per batch which even most 
foundries don’t offer unless appropriate tooling for wax 
patterns and serious investment casting mold making 
facility investments,” said Mr. Arpit Sahu (Director, Co-
founder – Objectify).

Our client’s R&D team had been investigating adoption 
of additive manufacturing for such a low volume, high 
mix need of 3D printing, complex closed impeller 
geometries under their new flagship of Digital Products 
and Solutions. The vision was to create digital designs 
produced with digital data with the least amount of human 
intervention to allow competitive advantages. Competitive 
advantages are: virtual storage of design and production 
life-cycle knowledge for later duplications with near 
perfect repeatability and quality reliability; distributed 
manufacturing for supply and sourcing of products and 
replenishment parts made to order, just in time with 
localised production facilities which do not require large 
investment like in big foundries for tooling and facilities for 
casting.

Figure 3: Thermal induced stress causing displacement.
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Our client needed 3D printing solutions for an impeller 
size 300+ mm which is not able to fit on the usual build-
envelope of 3D printers that are 250mm x 250mm x 
300mm. EOS, a German manufacturer of powder bed 
fusion type 3D printers under flagship products – DMLS 
– Direct Metal Laser Solidification, had recently built a 
system that has a build-envelope of 400mm x 400mm x 
400mm, and could accommodate an impeller of this size. 
However, with default EOS-recommended processing 
parameters to solidify the powder layer upon layer with 
the part orientation, the time taken was significantly 
longer and with quality risks involved. Potential risks 
include: layer shifting, which affects geometric integrity, 
machine stop and start stress lines/insufficient bonding 
if subsequent layer melting takes too long in case of re-
coater jamming issues, etc. 

Technical challenges in 3D-printing closed impellers:

• The geometry is closed hollow shell, a classical 
problem that can only be tackled by 3D printing as even 
5-axis machining can’t cut curved vanes. 

• 3D printing can allow us to accommodate hollow shells 
but still the geometry needs to be supported for a 
variety of reasons as process dictates. 

• For quality and obvious difficulty in processing of 
internal features, having support structures is simply 
not an option. 

• Part orientation and support strategies to be optimised 
for successful 3D printing without geometric integrity 
or strength quality issues. 

Overcoming the obstacle: 

The baseline – Objectify is already equipped with a M400-
4 machine which can accommodate 300+mm dia closed 
impeller, so isn’t the need already served? Is it that simple 
to load the digital design data on the available machine 
and be done with it? 

Although the media paints a rosy picture about 3D 
printing, that the impressive geometry simply grows at a 
click of a button, there is a team of several engineers and 
research & development experts. They need to navigate 
several build crashes to master the craft with optimal 
process parameters of layer thickness and Laser power 
exposure speed, geometric orientation and support 
structure strategies. Once these things are locked, getting 
successful prints as duplicates is quite reliable. 

How the optimisation is done 

Thermal simulation of a process based on a voxel 
approach via Simufact (Hexagon’s AM FEA package) 
software indicates thermal deformations induced due to 
thermal stress. Probable problem areas can be identified 
(Figure 3 -Thermal induced stress causing displacement) 

and improved iteratively with a combination of change 
in part orientation, type and choice of support structure 
location and amount of support structure volume. 

When process planning is robust, application execution 
is precisely as rosy the painted picture. See Figure 4 for 
successful print completion. 
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Figure 4: Over 300mm size impeller 3D printing in SS316L completed on 
M400-4 

Figure 5: Over 300mm size impeller 3D printed – replacement of 
investment casting process. 

Post-processing and finishing the part for delivery (see 
Figure 5). 

Compared to a 6-week to 8-week effort in the case 
of investment casting and finishing, 3D printing took 
1.5 weeks of printing and 2.5 weeks overall to produce 
this case study part as an alternative to casting. Post-
processing was comprised of:

• Stress-relieving heat treatment to ward off an-
isotropic properties. 

• Support structure removal 

• Outside skin machining to remove support structure 
marks 

• Shot blasting 
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What lies ahead 

Our client has realised the potential of digital solutions 
for similar geometric complexity or other complexities 
to be tackled. Non-corrosive type alloys like titanium, 
have been used for pumping specific chemical media, 3D 
printed rapidly and on schedule with Objectify to meet 
their customer needs. 

“Additive manufacturing will pave the path for a better, 
sustainable future for mankind. The parts that were 
built in this case took us only 6 days from ideation to 
post-processing, which would take 10 days or more for 
conventional manufacturing processes with several 
byproduct waste (wax, broken molds etc.) and energy 
consumed. 

It goes without saying that we have learnt a lot from this 
project as we had to test our capabilities to the utmost 
gravitas. With 100+ hours of non-stop machining time 
without failures and offering 99.9% density of material, 
additive manufacturing delivers the future in the 
Present,” concluded Mr. Ankit Sahu. 

“Good team work & workmanship. Able to meet the 
delivery as promised,” said our client in customer 
feedback. 

Objectify’s team is proud and happy when customer 
satisfaction is achieved through focused and deliberate 
efforts to elevate additive manufacturing standards and 
its applications. 

Figure 6: Several sizes of impellers 3D printed – titanium and stainless steel alloys used. 
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Contact us

Volker Mensing 
Global Director Business Solutions Marketing , Smart and Additive Manufacturing

Volker Mensing heads Hexagon ś additive manufacturing (AM) strategic marketing 
activities. He delivers thought leadership, supports the strategic development of 
AM ecosystem partnerships, drives solutions marketing programs, and defines 
go-to-market strategies for Hexagon’s end-to-end AM solutions. Based in Hamburg, 
Volker has more than twenty years’ experience in industrial manufacturing 
technology and IT business (Hexagon, MSC Software, Simufact, TUI InfoTec, Werum).

volker.mensing@hexagon.com

Mathieu Pérennou 
Global Strategy and Business Development Director for Additive Manufacturing 

Mathieu oversees Hexagon’s additive manufacturing (AM) activities, coordinating 
technical and business development with stakeholders across its Manufacturing 
Intelligence division and industrial markets. He also supports the development of 
AM ecosystem partnerships and end-to-end additive manufacturing solutions that 
address the need for improved productivity and quality from design to finished part. 
Based in France, Mathieu has more than twenty years’ experience in the modelling 
and simulation of manufacturing processes (Simufact, Hexagon, ESI Group, Auto-
form), with a specific focus on metals.

mathieu.perennou@hexagon.com

Additive manufacturing contacts

|  Contact us at hexagonmi.com/en-GB/contact-us
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