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ABSTRACT

Design for Additive manufacturing is an advanced pre-process, which has become popular 
and critical for applications in many industries. It is an area where much work has been 
done, in order to drive down part costs and make the technology even more viable. The 
process aims to advance the ability to produce complex part and implementation of 
weight reduction strategies for Additive Manufacturing. This paper shows what design for 
Additive Manufacturing entails, the constraints of high speed Selective Laser Melting, and 
how one can go about reducing part costs at the end of the day.
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1. INTRODUCTION

According to Wohlers [1], Additive Manufacturing (AM) is the collective noun for the 
technology of manufacturing parts, layer by layer, from 3D model data. It is becoming 
more and more popular, which means that the technology is constantly improving and 
getting cheaper, as mentioned by Gardan [2], Formlabs [3] and Thompson et al.  [10].
Improvements on the technology is not the only factor driving the cost of parts down. 
Design for Additive Manufacturing (DfAM) is a vital part of pre-processing in Additive 
Manufacturing (AM) and could have a significant impact on the cost of parts. Without 
going through the DfAM process before processing, one runs a high risk of increased build 
attempts, increased part costs, additional required post-processing, etc. This paper 
focuses on high speed Selective Laser Melting (SLM) and introduces the reader to the 
DfAM process and what it entails. Also, what constraints the technology has and what
questions should be asked when considering AM. It is not the intention of this paper to 
give the reader a full understanding of everything within DfAM, but just give an overview 
of the most important aspects and to give some insight.

2. BACKGROUND

Because of the degree of complexity allowed by AM, most designers need to change the 
way they think and what they know. Rosen [4], Booth et al. [5] and Thompson et al. [10]
highlights that the constraints between AM and traditional subtractive manufacturing 
are almost worlds apart and what was not close to possible for traditional machining, is
now more than possible with AM. This opens an entire new field of design requirements 
and considerations, which is not in the mind-set of a traditional designer with no 
experience in AM. Figure 1 shows a flow diagram for metal AM.

SLM is a laser based Powder Bed Fusion (PBF) technology and the most widely used in
the PBF group (ScienceDirect [7]). PBF uses an energy source to melt the cross-section 
of a part onto a metal powder layer. The AM industry has become very popular in the 
past few years with major companies starting to invest in the technology and using AM 

Figure 1: Flow diagram for metal AM, DigitalAlloyshttps [6]
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produced parts in their products. Along with this, DfAM started gaining popularity with 
many courses and training being presented across the world, according to Altair 
HyperWorks [8]. Many research papers have also been published, with numerous authors 
like Diegel et al. [9], Thompson et al. [10] and Booth et al. [5], combining vast amounts 
of research into one paper. If done correctly, DfAM allows the cost of parts and delivery 
time to be drastically reduced which is beneficial to both the client and the 
manufacturer. New tools are continuously created to assist and improve DfAM in order 
to make everything more and more efficient, and in turn, drive down part costs.

3. RULES FOR DFAM

DfAM has many rules which were learnt through experience in the field and research. 
This chapter will mention the most common ones and ones that were experienced by the 
author. Also, it shows how part costs can be reduced and what tools can be used in the 
DfAM process.

3.1 Design for Additive Manufacturing tools

3.1.1 Topology optimization

Lui et al. [11] says that topology optimization is the mathematical approach to 
determining the load paths within a part, under the load conditions where the part will 
be used. All unnecessary material is removed and only the load bearing paths remain. 
This results in a complex, unsmooth, organic type shape, which is refined and smoothed 
before manufacturing. It has great benefits with regards to weight saving, while 
maintaining the mechanical strength required for the application. The resultant shapes 
are also mostly complex and ideal for AM.

3.1.2 Build simulation

Build simulation has not been around for long, but can have quite a significant impact 
on the DfAM process. The great advantage is that one can predict failure and 
displacement before building a part, and then either modify the design, support 
structures or build orientation in order to prevent failure or improve distortion and 
displacement. This has the effect that builds can be tested in the virtual world, before 
being tried in the real world and consequently reduce the amount of iterations required 
to successfully build a part. Another possibility in some simulation software is to export 

Figure 2: Illustration of topology optimization, Altair HyperWorks [8]
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a pre-distorted part. By building the pre-distorted part, theoretically, it will have 
distorted in a manner, which would result in it being closer to the intended original part. 
The reason for this is that any part will distort during processing and this distortion can 
be reduced, but not entirely eliminated, by support structures.

3.2 Part cost impactors

This section lists the highest contributors to the cost of parts, why they have an affect,
and how they can be addressed by using rules for DfAM.

3.2.1 Weight

Weight is mentioned first, as changing the design of the part to be more light weight has 
to happen before any other part of the DfAM process. Any extra weight means more 
material that requires processing. Any additional processing adds to the build time (refer 

Figure 3: Displacement results from build simulation

Figure 4: Build simulation of thin-walled part
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to section 3.2.5 and section 3.3). Thus, keeping the weight of a part as low as possible 
is beneficial to the costs of the part. Parts can be hollowed to reduce weight. The un-
melted powder within the internal volumes can be removed after processing by adding 
perforations to the areas with trapped volumes during pre-processing. These 
perforations can then be welded up or closed afterwards, if that is required by the 
customer. In some cases, the weight of the part is not as important, or if the client does 
not want perforations in their part that are welded or left open, then the powder does 
not need to be removed. This has some benefits like increasing the stiffness of the part. 
The only reason this would be an option is that the powder inside the trapped volumes 
only add to the material costs and not processing time, which is usually about ten times 
more than material costs. As mentioned in the questions in section 3.3, one can pocket 
out thick walls to reduce weight and residual stresses. However, thin walls have a
tendency to distort in a wave like manner, as shown in Figure 4, and this has proven to 
be a bigger issue in high speed SLM.

3.2.2 Pre-processing

Pre-processing is what happens after the design for a part has been finalised and before 
it can be printed. Support structure design, machine preparation, drying of powder, 
slicing (happens automatically with some machines) and build simulation are some of 
the things that happen during pre-processing.

3.2.3 Build orientation

Build orientation has a significant impact on the build time and the amount of support 
structures required. Every SLM machine has a “wait time”, which is when the laser is 
waiting for a new layer to be coated. This “wait time” cannot be reduced and does not 
change from layer to layer. Thus, the higher the number of layers a build has, the more 
time is wasted, waiting for the layers to be coated. This means that a part should be 
orientated in a way that reduces the number of layers, which would result in faster 
overall build time of a part.

As a rule of thumb, any surface with a lower than 45° angle with the x-y plane should 
be supported. Due to this, a part should be orientated in a way that has the least amount 
of surface area that requires support structures. However, a compromise should be made
between orientating a part to have the least amount of support structures and having 
the least amount of layers. Another thing that should also be taken into account is that 
the support structures are there to anchor a part to the build plate, to keep it 
dimensionally stable. Therefore, from time to time it would be essential to add 
additional supports to ensure this purpose is fulfilled.

3.2.4 Support structures

Support structures are a necessity in SLM and has mainly two purposes: keeping the part 
from distorting (as mentioned in section 3.2.3) and acting as a heat sync to conduct heat 
away from the area being processed. These support structures adds a significant amount 
of time to a build and adds to the material wastage, as after processing, they are 
removed and discarded. They also increase the required amount of post-processing (Zeng 
[12]).

3.2.5 Build time

It has been proven that the biggest driving factor with regards to part costs, is the build 
time (Kahn et al. [13]). This is due to the high costs of the machines and the asset 
depreciation that needs to be taken into account when calculating the operating costs.
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Thus, the productivity of a machine is also vital to the profitability thereof and running 
costs are high (DigitalAlloys [6]).

3.2.6 Post-processing

Any metal printed part requires post-processing, which entails everything that has to be 
done to a part after it has been removed from the machine, and before it is given to the 
client as a finished part. It mostly involves heat treatment and stress relieving (before 
being removed from the build plate), removal from the build plate, support structure 
removal, surface finishing techniques and/or machining.

3.3 To print or not to print?

This is the real question, as most existing parts are designed for conventional machining 
and thus, AM would probably not be economically viable. First, one has to take a look at 
a possible part, this could be an existing part or an idea for a new part. When the part 
has been defined, a series of questions should be asked. There are minor differences in
questions that should be asked depending on whether it is an existing part or an idea for 
a new part. These questions do not necessarily have to be asked in the sequence below.

Questions for an existing part:
1. How was the part previously manufactured? If a part was designed for 

subtractive manufacturing, chances are slim that it would be more beneficial 
to print the part. This brings on the next question.

2. Can the CAD be modified to better suite AM? In other words, can the geometry 
be changed in a way to be more complex and thus, eliminating subtractive 
manufacturing as an option? This should not be done for any other reason than 
to tap into the advantages that AM offers. Another thing to keep in mind is that 
one of the benefits of AM is to consolidate parts. This means that one can 
combine many parts into one, reducing assembly after manufacturing. It has 
great benefits with regards to cost; weight saving, time needed for assembly, 
etc.

3. Are there areas where the thickness can be reduced? For instance walls that 
are thick (more than 3-4 mm) and can be pocketed. This is important for weight 
reduction and reducing the risk of distortion and support structure failure as 
well.

4. What surface roughness is required? Are there areas which should have 
machined surfaces? For instance, a face that would need to seal against another
or areas that need smoother surfaces. If so, more post processing will be 
required, causing an increase in the cost.

5. Are there holes that require higher tolerances with regards to position? Pilot 
holes can be used, or the holes can just be added after the build. Can some 
holes be tear drop shaped (in case of a fastener hole) in order to eliminate the 
need for support structures within the hole (in the case of horizontal holes)?

6. Are there bearing mounts that will require machining? Add some extra material 
to allow for the machining and help with tighter tolerances.

7. What are the strength requirements of the part? Will it be load bearing and will 
this be a cyclic load? If the part is load bearing, a good idea would be to do an 
FEA analysis to determine what material would be suitable. If the part would 
be subjected to cyclic loads, then the areas where the cyclic load will have an
effect should be machined/surface finished after printing. One of the 
disadvantages of SLM parts is the fatigue properties of as-built surfaces.
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8. Can some areas be hollowed to save weight and build time? Thick areas cause 
higher residual stresses during a build and could cause the support structures 
to fail or cause part delamination. If these areas can be hollowed, or the 
cavities after hollowing can be filled by lattice structures, it would both benefit 
the cost and weight of the part. However, holes will have to be added to remove 
the powder contained in the cavities created. In some cases the powder can be 
left inside, for instance when weight is not a concern, as mentioned in section 
3.2.1.

9. What quantities are required? AM is more suitable for lower quantities, but, in 
some cases the complexity is such that only AM could work. If the quantities 
are in the hundreds range (depending on the size), AM would be a viable option, 
but in the thousands range, another manufacturing method might be better.

The next questions are for a new part (not yet designed), but should only replace the 
first two questions from the above.

Questions to ask when considering a new part:
1. What is the function of the part?
2. Will it provide a degree of complexity that would be suitable for AM?

4. CONCLUSION

With the AM technology continuously expanding and improving, it is getting cheaper and 
more viable to consider AM to produce parts, even if the parts were previously 
manufactured through subtractive manufacturing or other traditional manufacturing 
methods. Many advances have been made to reduce the cost of parts through SLM. Some 
of these advances are build simulation and topology optimization. Build simulation helps 
to predict build failure and allows one to determine how a part will react during 
processing without having to do it in the real world first. Analyzing the simulation results 
and using it to adjust ones build/support strategy will reduce the build attempts, which 
influences part costs and delivery time. Topology optimization is a great tool for 
reducing the weight and cost of a part. All this forms part of the pre-process, DfAM, and 
as time progresses, the process becomes more stream lined and effective, with new 
tools becoming available and advances made to current ones.
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