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BACHELOR’S THESIS 

Sustainability of Additive Manufacturing - Electron 
Beam Melting of IN718 

Summary 
The purpose of this thesis is to examine and describe the process of Additive 
Manufacturing (AM) and the energy use in the production of parts manufactured with the 
Electron Beam Melting (EBM) technology in particular  IN718, which is a Nickel-based 
superalloy with specification according to UNS n07718 that is used in the aerospace 
industry. The objectives also include a brief overview of powder bed AM methods and a 
sustainability analysis. 

Consequently, this thesis will examine both energy use and the CO2-footprint for the EBM 
with IN718. The result of this thesis will be used in the SuMan-Next project at the Centre 
for Production Research, PTC, in Trollhättan where University West conducts research in 
materials for the Aerospace industry.  

 AM is currently a rapidly expanding area of manufacturing. This process adds the material 
layer-by-layer, which results in a design freedom and flexibility that is almost impossible for 
traditional subtracting manufacturing. To examine the energy use, measurements with an 
electrical network analyzer was performed on the EBM while two different geometries was 
manufactured. After these measurements, the data was collected and the energy use for the 
build could be calculated. By doing that, the CO2 footprint for the build could be 
estimated. A study visit to the AM division of Sandvik Machining Solutions in Sandviken 
was conducted to observe, investigate and learn more about atomization of metal powder.  

A small Life-Cycle-Inventory was conducted and the production process could be assessed, 
to establish the CO2 footprint from material extraction to product. When it comes to CO2 
footprint, it is definitely the production of the material before atomization that gives the 
most CO2 footprint, this thesis can establish that the geometry does matter for the 
build part and that in these conducted studies it is with a factor 2. However, compared to 
manufacturing of the powder or/and the build, the bulk material production gives 5-50 
times more CO2 footprint than the rest of the process. If using more recycled material 
in the  metallurgy instead of virgin, the CO2 footprint will decrease significantly. Recycled 
material is good to decrease the energy use and CO2 footprint, but also to decrease the 
mining of the critical elements that are included in the alloys. 
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Nomenclature 

Glossary 
2D = Two dimensional 

3D = Three dimensional 

AM = Additive Manufacturing 

CAD = Computer Aided Design 

CO2 = Carbon dioxide 

DED = Direct energy deposition 

EBM = Electron Beam Melting 

FDM = Fused Deposition Modeling  

GHG = Greenhouse gas 

HIP = Hot Isostatic Pressed 

PLC = Programmable Logic Controller 

PTC = Production Technology Centre 

SLM = Selective Laser Melting 

STL = STereoLithograhy 
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1 Introduction 
At the Production Technology Centre, PTC, in Trollhättan. University West conducts 
research on materials for the Aerospace industry. Some of this concerns superalloys, 
materials that are developed for high-temperature components in, for example jet- and 
rocket engines. One of the aspects investigated is if Additive Manufacturing (AM) can be 
used to produce and repair these parts efficiently in terms of economic and environmental 
sustainability.  

AM is an expanding area of manufacturing that has developed rapidly in the past couple of 
decades. It is a process where the material is added layer-by-layer, resulting in a design 
freedom and flexibility that is almost impossible for traditional subtracting manufacturing. 
It is possible to build structures within parts to strengthen or reduce the weight of 
components, enabling lightweighting, which makes the process useful for the aerospace 
and automotive industries. By reducing weight and material, the energy use and the carbon 
dioxide (CO2) footprint of products decreases.  

1.1 Background to AM 
Additive manufacturing, or 3D-printing, was initially called Rapid Prototyping [1] and was 
used for printing product prototypes. That application still exists but has been developed 
over the years and is now used also to manufacture real parts and products. Today, there 
are a number of common processes for AM, such as powder bed fusion, binder jetting, 
material jetting, vat photopolymerization, direct energy deposition and sheet lamination [2]. 
Even though these processes look a bit different, some basic features are the same, the 
design of a CAD-model and the use of this to build the part layer-by-layer without any 
expensive tools, molds or dies. Since the material is added to the part only where needed, 
the material waste can in many cases be reduced to almost nothing, which is a big 
improvement compared to traditional subtracting processes. Instead of assembling multiple 
parts manufactured by different processes, AM makes it possible to create a complex part 
in just one piece, which improves the value chain.  

AM takes the design process to a completely different level, since designers can create 
components much less restricted by the complexity of the design. Consequently, the 
designers are able to save material and weight in the end-product, which is one major 
reason why AM is so useful in the aerospace and automotive industries. High-performance 
materials are expensive and often energy intense, but the main benefits would be that — by 
reducing the weight of the plane or vehicle—the fuel consumption decreases, which also 
reduces the CO2 emissions in the use-phase of the product lifecycle.   

At PTC, equipment for 3D-printing of metals is available, using deposition of metal 
powder or welding wire, that is melted by electron beam, laser or other thermal methods. 
Manufacturing of metal powder and the methods used for deposition and melting require 
relatively large amounts of energy. To be able to assess the environmental properties for 
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additive manufacturing and parts produced by this method, as well as to compare with 
other manufacturing methods, an inventory of material and energy consumption is needed. 
This constitutes the basis for estimating the energy use and CO2 footprint for different 
scenarios. 

1.2 Background to Sustainability 
Bruntland defines sustainable development as: “Sustainable development is development 
that meets the needs of the present without compromising the ability of future generations 
to meet their own needs” [3]. In Bruntland's report, the idea of three aspects of 
sustainability is described, environmental, economic and social. This represents an 
extension of just thinking about the natural environment. The main focus of this report, 
however, is the environmental component, primarily in terms of energy use and CO2 -
footprint.  

The concept of footprint has been created by an analogy coined by the Ecological footprint: 
“The simplest way to define ecological footprint would be to call it the impact of human 
activities measured in terms of the area of biologically productive land and water required 
to produce the goods consumed and to assimilate the wastes generated”[4]. According to 
Agenda 2030, Sweden’s goal is to decrease the greenhouse gas (GHG) emissions to the 
point where the net emission is zero by 2045 [5]. 

1.3 Problem description 
There still remain many questions when it comes to environmental and sustainability 
benefits of AM. These will depend on, for instance, reductions in weight and material 
waste. Existing research is not sufficient when it comes to sustainability properties for AM 
with Inconel 718 (IN718). Data is needed for a comparison regarding sustainability 
between AM and traditional subtractive manufacturing. Both Kellens [2] and Paris [6] have 
concluded that the total energy use needs to be studied further, including the powder 
metallurgy process that is used in AM. Consequently, this thesis will examine both energy 
use and the CO2-footprint for the Electron Beam Melting (EBM) technology with IN718.  

1.4 Objectives 
The main objective is to deliver background facts to understand and evaluate sustainability 
aspects of AM. That requires the following:  

 
i. An overview of powder-based AM methods, primarily electron beam and laser 

based 
ii. Examination of the energy use and CO2-footprint for details manufactured into 

different geometries out of IN718 in a life-cycle perspective. 
iii. Assessment of the sustainability properties of AM for high-performance 

(aerospace) metal alloys. 
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1.5 Limitations 
The study will mainly be concerned with nickel based super alloys, primarily IN 718. The 
equipment for the additive manufacture is principally an ARCAM A2X EBM system, based 
in PTC.  
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2 Methods 
There are two main approaches to scientific method - quantitative and qualitative [7], both 
are used in this thesis. Quantitative mainly for the experimental data analysis in the study 
and qualitative mainly for the sustainability assessments [8]. The work consists of 
theoretical studies, using literature, simulation software and databases to develop insights 
and understanding of the problem and researched field. It is also comprised of 
experimental work to examine the energy use of real AM builds empirically. A workflow 
diagram (figure 2.1) for the project and a more detailed description of both the theoretical 
and experimental components are given in section 2.1-2.6.   

 

Figure 2.1: Schematic workflow used in the data collection and analysis of the project. 

2.1 Literature studies 
Literature studies were conducted to examine previous knowledge and state-of-the-art of 
the subject. A wide search of literature was conducted to examine recent research within 
sustainability of AM. The main purpose was to learn about different AM techniques and 
especially powder-based EBM and Selective Laser Melting (SLM), for superalloys in general 
and IN718 in particular. The databases used were mainly Science Direct accessed via the 
University Library and the DiVA portal. The keywords used can be divided into three 
groups: (i) Additive Manufacturing technologies, such as "Electron Beam Melting" or 
"EBM" or simply "AM", (ii) sustainability aspects, such as "embodied energy" or "carbon 
footprint" or "CO2" in combination with (iii) material descriptors, such as "superalloys", 
"Inconel", "nickel-based" or even "titanium", which is another aerospace material of related 
interest. The search results were assessed and filtered manually into a shortlist of about 20 
primary journal articles and conference papers. Some search activity was also directed 
towards investigation of previous thesis work conducted within the PTC in the field of 
AM. Primary data and text from such work were also used. One very useful source of 
information was to follow references from, and citations of, the principal references 
mentioned above. 

2.2 Energy measurements 
To examine and estimate the use of energy, measurements with an electrical network 
analyser were performed on the EBM machine power supply. A C.A 8335 three-phase 
electrical networks analyzer (Qualistar+) was connected to the main 3-phase supply for 

Project planning 
− Meetings at PTC 
− AM Equipment visit 

Literature research 
− Library databases 
− Internet 
− Textbooks Study trip to Sandvik 

− Metallurgy plant visit 
− AM Powder manufacturing 
− Interviewing experts 

AM experiments  
− CAD model 
− Simulations 
− Energy measurements 

Data analysis  
− Measurements 
− CES Edu Pack 

Sustainability assessment 
− Life-cycle Investigation 
− Ashby's 5-step method 
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approximately 24 hours, see figure 2.2. The data was collected and subsequently transferred 
to the computer to be analysed. Only the energy use in the AM machine through the build 
setup, the build platform pre-heating-, the main building process and the necessary cool 
down period were used to calculate the total energy for the process. 

   

Figure 2.2: The monitor of the measurement equipment (left) and how it is connected to the main current of EBM 
machine (middle). At the right, it shows how the equipment connects to the power supply.  

The active power was used to calculate and estimate the specific energy of the process.   

2.3 Software for EBM  
The equipment and process for EBM are described in greater detail in sections 3 and 5. An 
essential part of the AM method is, however, the software that is controlling the build. The 
build is generated from a CAD model that constitutes the input for the AM process [1]. 
The CAD software exports a stereolithography, or .stl file, as shown in figure 2.3. This 
format describes only the surface geometry of a three-dimensional object without any 
representation of texture etc. For EBM, a so-called slicer or Build Assembler is used. In this 
software, certain parameters are entered, that slices the converted model into 2D raster 
grids in the format of an .abf-file. The final essential software is called EBM Control, which 
of course is the control system for the EBM machine. This also delivers data that can be 
used for process simulation outside of the AM machine (Log Studio 4, see below). 

  
 
 
 
 
 
 
 
 

Figure 2.3: A simplified flowchart over the essential software used for the EBM process and process simulations. 

 

CAD Build Assembler EBM Control stl- file abf-file 

Log 4 

EBM Machine 
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To examine and make estimates of the energy use associated with EBM manufactured 
parts, theoretical studies using the process simulation software for EBM were also done. 
These simulations were performed in EBM Control (version 4.2.205) developed by Arcam, 
(the manufacturer of the AM instrument). In addition to the control system for the 
process, Arcam has developed a system to collect data, Log Studio 4. For simulations, Log 
Studio 4 collects approximate values of the beam current for the build in the EBM. The 
energy used in the rest of the AM equipment is not considered. A real build is required for 
the full picture and to validate/calibrate the simulation.  

2.4 Study visit 
A study visit to the AM division of Sandvik Machining Solutions in Sandviken was 
conducted to observe, investigate and learn more about atomization and powder 
manufacturing. Sandvik is one of the leading manufacturers of powder metals for additive 
manufacturing. An introduction of the company, their Research & Development Center 
(AM) and the atomization process was given by Peter Harlin and Martin Mueller. A semi-
structured interview with both representatives was conducted during the visit to clarify the 
energy use in their metal powder process. To acquire a deeper understanding of the 
processes, the study visit ended with a tour of their plant.  

2.5 Life-Cycle Inventory 
When estimating and comparing energy use for products, it is important to consider its 
entire lifecycle: Material production, Manufacture, Product use and End-of-life. In addition to these 
established phases, it is beneficial to add the contribution from all transports involved. In 
this work, a full LCA has not been performed for the AM product. Instead, a partial and 
streamlined Life-Cycle Inventory (LCI) approach has been employed. This considers the 
two first phases plus transports and uses an established method to consider energy as the 
main resource and the CO2 emissions as the main waste associated with the material flow of 
the product lifecycle [9]. 
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Figure 2.4: Approximations and main components of the Life-Cycle Inventory [9]. 

2.6 Sustainable development assessment 
It is very difficult to provide an objective way to assess sustainability. In this work, we have 
adapted a methodology proposed by Ashby et al. to analyse wether a technical product or 
process can be considered a sustainable development. It is based on a 5-step approach, see 
figure 2.5.  

 

Figure 2.5: Schematic illustration of 5-step method by Ashby [8]. 

The first step is to find a proposal (articulation) and clarifying the prime objective. What is 
the goal and when should it be achieved? The next step is to find the stakeholders for this 
articulation. Stakeholders are those who have some interest in the proposal. Step number 
three is to find information and facts that are relevant for the proposal, e.g. limitations to 
materials or energy. The fourth step is to assess the information and facts within the three 
capitals; natural capital (planet), manufacturing and financial capital (prosperity) and 
Human and social capital (people). The fifth and last step is a reflection of the outcome 
from the assessment in the short-term and long-term [8]. 
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3 Overview of Additive Manufacturing 
AM is fundamentally different to traditional manufacturing in that it adds material layer-by-
layer instead of subtracting material. Compared to traditional manufacturing, AM does not 
require programming like a CNC machine. Instead, it uses a CAD model of the detail as 
the basis for the build. It makes it possible to build complex geometries and, for example, 
reduce weight by designing a triangular or honeycomb pattern within the build without 
compromising its mechanical properties [9]. However, it is not efficient to build solid, 
“simple”, geometries with AM that are easily made by e.g. casting or milling. 

As mentioned previously, there are several categories of AM, suitable also for products in 
metal [2]. In this report an overview of powder bed fusion (PBF) technologies with EBM 
and SLM is presented. These two AM processes are very similar and both methods are 
further described and compared in the following sections. First a brief description of four 
alternative AM technologies is given, see Figure 3.1-3.4.  

 
Binder jetting is based on a powder bed just 
like EBM and SLM, but instead of laser or 
electron beam, a liquid binding agent is spread 
out on the powder to make the build, as 
shown in figure 3.1. When the, so called green 
part is completed, the build needs to be heated 
to required temperature for the chosen 
material in a high-pressure chamber, i.e., Hot 
Isostatic Pressure (HIP).  

Table 3.1: Binder jetting. Image courtesy of 3DEO[10].  
 

 
 
Material jetting, like binder jetting, is based 
on a green part created and then sintered. 
But instead of a powder bed, the powder is 
combined with a binder before it is ejected 
via the material jetting nozzle creating the 
green part. This technology also requeries 
post-treatmen, HIP, of the green part.  

 

 

Figure 3.1: Material jetting. Image courtesy of 3DEO [10].    
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Fused Deposition Modelling (FDM) is 
normally used in plastic 3D-printing; but there 
are companies that try to develop this 
technology using a metal filament. The melted 
material is extruded from the nozzle to create 
a build. 

 

 

 

 

Figure 3.2: Fused Deposition Modeling Image courtesy of 3DEO [10]. 

 
 
Direct Energy Deposition uses a metal wire 
or powder combined with an energy source, 
e.g., laser, to generate the build. As shown in 
figure 3.4, the metal deposit comes from the 
sides and it can be several axis arms with 
nozzles in one machine. The DED is often 
used to repair.   

 

Figure 3.3: Direct Energy Deposition. Image courtesy of 3DEO [10].   

3.1 Selective Laser Melting 
In SLM an ytterbium fiber laser, typically with power up to 400 W, is used to fuse the 
powder in an accurate spot. The build is produced layer-by-layer until the object is 
completed. The SLM process is similar to the process of EBM. SLM starts with an 
injection of an inert gas that needs to surround the melt in order to prevent oxidation. The 
build of the object begins with a roller that rolls out a layer of powder, coming from the 
powder delivery system as shown in figure 3.6. The laser fuses the powder on the 
fabrication piston that then lowers by the same distance as the thickness of the layer. This 
is repeated until the object is finished.  
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Compared to the EBM, SLM has a finer surface finish. SLM does not need any pre- or 
post-heating, since the technology does not require the powder to be sintered before 
making the build.  

Figure 3.4: SLM/EBM. Image courtesy of 3DEO [10]. 

3.2 Electron Beam Melting 
EBM uses an electron beam with power up to 6kW [11] to heat the metal powder in the 
build chamber. For each layer, it preheats the entire powder bed to the required 
temperature and sinter the chosen material with temperatures up to 1100ºC [12]. This 
technology is the fastest within powder bed fusion for mass production, due to the high 
electron beam translation speed, which is 8000 m/s and can heat several melt pools 
simultaneously [12]. The powder bed is partly sintered by the beam during the whole 
process. The EBM process for is further explained in section 5.  

Using EBM, the part obtains a rough surface finish, so it is often necessary with post 
treatment to achieve the required surface finish. This is one of the reasons why EBM is 
useful in the aerospace industry, where post treatment is nearly always required, regardless 
of manufacturing method.  

Standard materials for the EBM technology are Nickel based Alloy 718, Cobalt-Chrome 
alloys (e.g. ASTM F75), Titanium Ti6Al4V or Ti6Al4V ELI and Titanium Grade 2. It is a 
suitable process for titanium because of its consistency at high temperatures -and, up until 
today, most research and development in EBM is for titanium.  
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Figure 3.5: Schematic picture of EBM from Arcam[12]. 

Compared to the SLM, the entire powder bed is sintered in EBM and therefore acts as a 
supporting structure to the built part. This makes it is possible to build levels, or stacks, or 
from the z-axis. EBM therefor has a higher build rate, since more parts can be produced 
per build. Some degree of support structures is, however, usually required for certain down 
facing surfaces to reduce geometrical distortion and surface roughness.  
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4 Embodied energy  
As described in section 2.5, the total energy of the AM product, in a life-cycle perspective, 
consists of four parts, plus the transports that depend on the logistics of the production. In 
this work the focus has been mainly on the material production (from ore to bulk) and the 
AM part (see fugure 4.1). The first part, bulk material production, can be found in 
databases, e.g., CES Edu-Pack or the ICE database. 

 

Figure 4.1: Schematic material flow from cradle to gate. Images courtesy of M. Ashby. 

4.1 Superalloy IN718 
IN718 is a Nickel-based superalloy which is very creep resistant and corrosion resistant for 
temperatures up to 650º-700ºC. For that reason, it is suitable for the aerospace industry, in 
products such as jet engines, rocket engines and gas turbines.  

 
As shown in figure 4.1, IN718 contains so called critical elements, which means that the 
elements are scarce or strategic to the EU or USA [13]. IN718 (and several other 
superalloys) depends on these elements to get the material properties that are desired and 
required for their purpose.  

 

 

Figure 4.2: Composition of IN718 from CES Edu-Pack. 

The estimated values of bulk embodied energy in IN718 (from the CES Edu-Pack 
database) are shown in table 4.1 and 4.2.  
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Table 4.1: Embodied energy and eco data for virgin IN718 from CES EduPack. 

Embodied energy, primary production 291-321 MJ/kg 
CO2 footprint, primary production 16.6-18.3 kg/kg 

Table 4.2: Embodied energy and eco data for recycled IN718 from CES EduPack. 

Embodied energy, recycling 44.7-49.4 MJ/kg 
CO2 footprint, recycling 3.51-3.88  kg/kg 
 
To get an approximate value of embodied energy in bulk virgin IN718, the average value of 
“Embodied energy, primary production” from table 4.1 can be used  

!"# !"/!"!!"#!"/!"
!

= 306 𝑀𝐽/𝑘𝑔  (4.1) 

The same calculation is done with the recycled material, but with the value from 
“Embodied energy, Recycling” in table 4.2. 

!! !"/!"!!" !"/!"
!

= 47 𝑀𝐽/𝑘𝑔 (4.2) 

Usually, however virgin material is used in combination with recycled metal to produce 
IN718 powder, the actual embodied energy for IN718 depend on the percentage of virgin 
material. Using a typical value of 10 % recycled material and 90 % of virgin material.  

(47 ∙ 0.1)+ (306 ∙ 0.9) = 280 𝑀𝐽/𝑘𝑔        (4.3) 

The total embodied energy of the bulk material for powder production is 280 MJ/kg [14]. 
For apart made in CNC, the content are 70% of virgin material and 30% recycled material 
and gives the embodied energy 228 MJ/kg. 

4.2 Powder metallurgy 
Powder metallurgy (PM) represent the production of metallic powder and components of 
metal powder. It is a well-known and developed process and even though AM is a novel 
area there are several other manufacturing processes that have used PM for decades. Most 
powder manufacturers use atomization with water or gas in their process. When it comes 
to AM, gas-atomization is the most common because of the requirement for high quality 
(spherical particles) of the powder and gas atomization gives better quality. There are, 
however, also mechanical, electrolytic and chemical processes to produce powder.  

The basic principal for atomization is: First the metal, recycled or/and virgin ingredients 
for the powder is melted, see top/left corner in figure 4.2. When the metal is melted it is 
tested to make sure that it has the right composition, for example, IN718. The melt is 
poured through a spray nozzle (see figure 4.2) where a high-pressure jet stream of gas 
separates the melt into small droplets to form the resulting powder grains. These solidified 
grains fall to the bottom of the chamber. After that they are being sorted by size with a 
filter/sifter and packed.  
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Figure 4.2: Schematic image of atomization, with a real image of spray nozzle in the left corner. Image courtesy of 
Sandvik Machining Solutions [14]. 

When estimating the total embodied energy for the powder, there are several possibilities: 
(i) embodied energy of bulk IN718 plus atomization energy, (ii) embodied energy of the 
component elements (figure 4.1) plus atomization energy or (iii) embodied energy of the 
actual ingredients (ferrochrome etc.) plus atomization energy. There is not enough available 
data to estimate alternative (iii) and both (i) and (ii) are likely to overestimate the actual 
powder energy.  Alternative (i) due to an extra melting process when creating the bulk alloy 
and alternative (ii) since e.g., ferrochrome as a proper ingredient has lower embodied energy 
than pure iron and chromium added.  

In the atomization of IN718, a main energy consumer is the melting of the components. 
Primary production of the inert gas depends on of the gas is a biproduct or the primary 
product of the production. However, an estimated total embodied energy for IN718 
atomization range from 22-212 MJ/kg powder, depending how the Ar gas has been 
produced. This will result in a total specific energy for the IN718 powder, according to 
option (i) above, in the range 302-496 MJ/kg 
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5 Energy measurement of EBM builds 
To assess the energy consumption of the second part of the product life-cycle, the AM 
equipment itself, energy measurements were made during use of an Arcam EBM A2X that 
has an effect of 3 kW in the electron beam [12]. Metal powder from Sandvik Additive 
Manufacturing was used. The A2X is developed, e.g., to process functional parts for 
aerospace applications and it is also used for R&D in materials. The build chamber is 
designed to manage vacuum and high temperature, up to 1100°C, which makes it well 
suited for IN718. 

5.1 Geometries and CAD models 
Two different geometries were chosen for the builds in the machine, see figure 5.1. These 
are considered to be the best way to examine the energy use of the machine with limited 
resources for the experiment. They represent two cases of orientation, having very similar 
material volume. As shown in table 5.1, the dimensions are 50 x 20 x 10 mm3 (build A) and 
50 x 10 x 20 mm3 (build B) for each of the ten blocks.  The blocks have the same 
centerlines in both builds with a distance of 24 millimeters between these lines and 4 mm 
between ends.  

Table 5.1: CAD specified dimensions, volumes and number of layers of the builds.  

 Length 
(mm) 

Width 
(mm) 

Height  
(mm) 

Volume 
(mm3) 

Mass 
(kg) 

Layers Cross section 
(mm2) 

Build A 50 20 10 10000 0.82 134 10000 

Build B 50 10 20 10000 0.82 267 5000 

 

The first case, geometry A, has all blocks lying down, and the second case, geometry B, has 
all block standing up on the long side (see figure 5.1). Both geometries were built on 
identical build plates, that has the dimensions 150 x 150 x 10 mm.  
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Figure 5.1: CAD- model of build A (left) and B (right). 

5.2 Build preparations and inputs 
The CAD models “Build A” and “Build B” were downloaded to the build assembler. In 
the Build Assembler, the size of the build plate was chosen.  By choosing a build plate of 
150 x 150 mm, some inputs were automatically added.  

Table 5.2: Inputs for the process. 

Input Value 

Size of plate 150x150 mm 

Max beam current, heating 48 mA 

Max beam current, melting 18 mA 

Max beam current, contours 8 mA 

Inner contour, speed 540 mm/s 

Outer contour, speed 1000 m/s 

Injected He 1 Litre/h 

Vacuum base pressure 3E-3 mBar 

Material IN 718 

Layer thickness 75 µm 

Number of contours 3 

Preheating temperature 1025ºC 

 

5.3 The EBM Process  
There are eleven steps in the process of EBM, where step three to eight iterates until the 
component is finished and the cooling begins. The first step of the process is to make 
vacuum in the chamber and inject a small amount of helium to prevent electrical charging 
and oxidation of the metal powder [15]. The second step is to heat the build plate, the 
temperature of the build plate depends on the material of the detail. For IN718, the plate 
needs to be heated up to ~1025ºC. After the heating of the build plate is completed, the 
iterative steps begin. The build plate is lowered 75 µm, the rake then spreads metal powder 
on the entire build plate. To get an even layer, the rake spreads the powder three times. 
The powder is preheated to a sintering temperature with an unfocused electron beam. The 
electron beam is then focused and starts melting the contours of the geometries, and when 
the contours are finished it subsequently melts the bulk area. The iteration ends with post-
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heating, so the powder bed retains the required temperature.  When the building is finished 
the chamber is cooled down to at least 100ºC. The final step is to remove the loosely 
sintered material, that is not supposed to be in the component, by blasting. The blasting is 
performed in a chamber, see figure 5.3, that sifts the sintered powder after blasting. The 
powder that is sifted can be reused in the coming builds. Which means that there is 
minimal of material waste in EBM. In these particular builds, no support structure is 
required.    

 

 

Figure 5.2: In the left image, the build chamber is shown immediately before the build starts. In the right image, the 
beam is aligned by Linda Alsing before the build starts.   

Before starting the process, the build chamber (see figure 5.2) needs to be cleaned and 
checked, as the build plate is inserted and the door is closed. When the vacuum pressure is 
reached, the beam needs to be aligned, which is made manually.  



Sustainability of Additive Manufacturing- Electron Beam Melting of Inconel 718 
 

18 
 

 

Figure 5.3: Photo of build A in the build chamber (left) and the build processed in the blast chamber (right). 

5.4 Experiment 
The build, as it comes out of the build chamber, shown in figure 5.4, were the sintered 
material is shown. This material is blasted and sieved as explained in section  5.3. 

  

 
 

Figure 5.4: Build A(left) and Build B(right) before blasting. 

The measured energy use in the EBM equipment for the two builds are shown in figures 
5.5 and 5.6. As can be seen from the total energy (point 4), it is much more energy efficient 
to make Build A than Build B. Build A required in total 17.89 kWh and Build B 25.65 kWh. 
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Figure 5.5: Graph over the empirical energy use in Build A. 

 

 

 

 

Figure 5.6 Graph over the empirical energy use in Build B 

. 

 

 

 



Sustainability of Additive Manufacturing- Electron Beam Melting of Inconel 718 
 

20 
 

Table 5.3: EBM Control Build Report (A/S-Series Systems) from Build A and Build B.  

Time (hh:mm) Build A Build B 

Heating build platform   0:53 0:47 

Process Time  4:06 6:49 

Cool Down Time  4:03 4:34 

Total Build Time 9:03 12:11 

 

In build A, the average power during the build process is 3.05 kW and for build B it is 3.03 
kW. In table 5.4, it is shown that the energy use differs 7.1 kWh between the builds, while 
in table 5.3 it is shown that the main difference is the process time that differs by 2 h 43 
min.  

 

 

 

 

Table 5.4: 
Total 
energy use 
for Build 
A and 
build B. 

 
 

 
 
 

 

 

 

Table 5.5: Beam current energy from Log Studio 4 for the build phase, and the measurements of the total energy 
consumption for the build phase, respectively. 

 Log Studio 4 Measurements Log Studio Measurements 

 Build A Build B 

Total energy use, MJ 63 92 

Build phase only, MJ 44.9 74.3 

Energy use per kilo (build phase only), MJ/kg 54.6 90.4 

Total energy use, kWh 17.5 25.6 

Build phase only, kWh 12.48 20.64 

Energy use per kg (build phase only), MJ/kg, kWh/kg 15.18 25.11 
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4 

 Build A Build A Build B Build B 

Total kWh 8.42 12.48 13.92 20.64 

Total MJ 30.3 44.9 50.2 74.3 

 

To examine the power used during the build process, not arising from the beam current. 
The difference between the measured energy for the build process and the energy 
registered by the Log studio 4 files can be divided by the build process time, see table 5.5. 
These original data are used in equation 5.1 and 5.2  

 

Build A 
!".!"!!.!" !"!

!.! !
= 0.99 𝑘𝑊 (5.1) 

 

Build B 

 (!".!"!!".!")!"!
!.!" !

= 0.99 𝑘𝑊 (5.2) 

 

These equations show that it is around the same power losses regardless of cross-section 
geometry. The machine uses approximatively 1 kW outside of the electron beam during the 
build phase. As can be seen in the graphs, this is valid from when the start button is pushed 
until the cool down starts.  

When the cool down starts, the power consumption is the same as when the machine is in 
“standby”, i.e., only the computer, PLC and cooling system are running. This can be seen if 
the measurements are studied in greater detail. The estimated power consumption during 
“standby” is approximately 0.5 kW as shown by the enlarged section in figure 5.7.  

  

 



Sustainability of Additive Manufacturing- Electron Beam Melting of Inconel 718 
 

22 
 

 

Figure 5.7: Graph over the power consumption during standby/cool down. 

5.5 Simulation of the process 
The build process can be simulated in EBM Control with the same geometries as for the 
builds in section 5 (see figure 5.1). These results can be compared with the actual build 
energies to asses if the control system can be used to estimate the energy consumption 
without an actual build, to predict the most favorable orientation. 

In the process simulations, all the parameters for the beam are the same as for the real 
build as shown in table 5.2. In table 5.6 the beam current energy during the build phase 
from the log file, both in the actual build and from the simulation are shown.  

Table 5.6: Values of Beam Current in Log Studio 4. 

Energy Build A  Simulation A Build B Simulation B 
MJ 30.51 30.34 50.22 50.11 
kWh 8.5 8.4 13.9 13.9 
 

The relative difference between the simulation and the log files with original data are given 
below: 

 
!".!"!!".!"

!".!"
∙ 100 = 0.54 %      (5.3) 

 
And for Build B the difference is  

 
!".!!!!".!!

!".!!
∙ 100 = 0.22 %      (5.4) 

 
By comparing both Build A’s and Build B’s Log files with the simulation it is found that a 
simulation gives a good approximated value of the energy use in the EBM process. If the 
estimated values for the losses are assumed to be constant at around of 1 kW and 0.5 kW 
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for standby and cool down power consumption the total energy consumption can be 
estimated by adding these multiplied by the calculated time to the beam current energy.  
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6 Sustainability 
One of the biggest challenges today is to decrease the CO2 emissions to a level that does 
not make the global temperature and the sea levels to increase like it has done up until 
today. To make this possible industry as well as people are required to minimize their 
energy use, not only in the production of goods but also the rest of products life cycles. In 
section 6.1 the CO2 footprint of the builds are presented. General Electrics for example 
have managed to decrease the weight by using AM, and reducing their material use and 
waste for the LEAP engines fuel nozzle with 25%, which has decreased fuel consumption 
by 20% while at the same timer increasing the power by 10%. They have gone from 20 
parts to one part for this nozzle and have more or less no external suppliers since they do 
not need nuts or bolts, etc.  [16, p. 3]. However, AM may also lead to increased energy use 
in the production and there are other consequences to consider in terms of economic and 
social sustainability. Therefor a five-step approach are applied in section 6.2 to assess if AM 
represents a sustainable development 

6.1 CO2 footprint of builds 
The calculated values of the CO2 footprint for the builds are presented in table 6.1. The 
CO2 footprint depend on the location of the powder manufacturing and the AM of the 
parts (the local energy mix) as well as the details of logistics. In table 6.1, the CO2 emissions 
for all transports are neglected. Using database value for the typical 90% of virgin material 
and 10%recycled material, the CO2 footprint will be 16000 g/kg for bulk material. So, for 
these builds it will be 13200 gr. For the powder manufacturing, a Nordic energy mix has 
been used, 50 g/kWh and for the AM energy, a Swedish energy mix was used, 13 gr/kWh 
[17]. The experiments were made with 100% renewable energy mix.   

The CO2 footprint is so dominated by the primary material production that the difference 
in the build energy and even the large uncertainty in the powder production become 
unimporant.  

Table 6.1: Estimated CO2 footprint for the builds from powder to part. 

 Build A Build B 

Primary production of Inconel 718 (g) 13200 13200 

Manufacturing of Powder (g) 250-2400 250-2400 

Total build manufacturing (g) 228 333 

Total CO2 footprint (kg/build) 13.7–15.8 13.8–15.9 

 
Depending on whether IN718 is made of virgin or fully recycled material, the CO2 

footprints differs from 18300 g/kg to 3510 g/kg, based on tables 4.1 and 4.2.  
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6.2 The five step method 
Articulat ion 

The prime objective is than to be Energy savings by AM production. This savings has been 
claimed to be on a size scale 2.54-9.3 Exajoule globally, of which production related total 
primary energy supply (TPES) would account for 0.85-2.77 EJ. The time scale is until 2025, 
as stated by Gebler [18]. This statement will be analyzed below. 

Stakeholders analys is  

There are several stakeholders for this articulation statement, primarily it is the aerospace, 
automotive and medical industries, as (i) manufacturers of products [18]. But indirectly 
also, (ii) local owners/workers, e.g., material suppliers, workshops or contractors that repair 
and maintaining parts, employees (from designers to welders), and more directly (iii) the 
consumers in society and (iv) future generations of people in the global population. It is 
important for a sustainability development that there is a strong main driver, as the matrix 
in figure 6.1.  

 

Figure 6.1: Stakeholder analysis of AM in terms of the five-step methodology. 

Fact- f inding 

The mining and production of IN718 is the most energy consuming and the emissions of 
CO2 are high, as are shown in table 6.1 and section 6.1. The total specific energy for 
products produced by AM in Inconel 718 can be estimated by adding the embodied energy 
of the material production with typical recycling content (280 MJ/kg), the atomization 
energy (22-212 MJ/kg) and the energy of the EBM build (55-90 MJ/kg). The material 
production dominates the energy use from cradle to gate (product) with over half of the 
total energy use. Since the embodied energy is so much lower for recycled Inconel, 
compared to virgin, 47 vs 306 MJ/kg, the actual recycled fraction in the powder and the 
ability to avoid waste in the whole process will be hugely important to the energy efficiency 
of the product pre-use.  
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The geometry was also shown to be important to the build energy, varying by nearly a 
factor of two in the two cases studied in this report. The potential materials savings of AM 
depend on the geometry and how the detail can be manufactured by traditional 
manufacturing methods. This relates to the complexity of the shape and the solid-to-cavity 
ration [19]. In terms of CO2 emissions, though, the AM contribution is negligible, at least 
in this study.  

For aluminum and titanium details, energy savings by a factor of 2-10 have been reported 
for aerospace products [20]. For example, energy savings by factor 6 are equal to 0.85-2.77 
x 1018. Which would correspond roughly to 106 tons of bulk IN718 (if In718 were the only 
material to lightweight).  

Evaluat ion in terms o f  the three  capi tals  

As figure 6.2 shows, the assessment is performed regarding the three capital; natural capital, 
manufactured and financial capital and the last but not least the human and social capital.  

 

Figure 6.2: The three capitals.[8]  

Natural capital – For superalloys there are several so called critical elements in the 
composition. These elements are listed (figure 6.3) by EU or USA based on an assessment 

if the supply risk of that element in the future. This risk is dependent on the natural 
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resources available in the country in which is manufacturing and will vary as new reserves 
are found, or the political or regulatory circumstances change.  

Figure 6.3: List over critical materials. (source: Science Notes of CES EduPack, 2019) 

As mention above, primary production of aerospace alloys, such as IN718, is very energy 
consuming and gives most CO2 footprint. Therefore, they also have considerable CO2 
footprint. Subsequently, by decreasing the (virgin) material waste and thus the CO2 

footprint the need for critical elements is also minimized when manufacturing complexed 
parts using AM. 

The overall energy savings, mainly from the use-phase, will mean substantially reduced 
emissions of CO2 in the life- cycle of the products. As mentioned in the articulation, energy 
savings have been estimated to 2.54-9.3 ExaJoule in a relative near-term. This is a good 
indicator that AM is more efficient when it comes to aerospace and automotive industries. 
For the aerospace sector, the CO2 emissions can be decreased with 75% by changing from 
traditional manufacturing to AM [21]. 

However, if the expected energy savings in the production-related total primary energy 
supply (TPES) 0.85-2.77 EJ is to be generated from reduced material waste, 107 tonnes of 
Inconel would have to be saved by AM (not only EBM), or much more, if a less energy-
intense material is manufactured.  

Manufactured and financial capital – With AM the need of suppliers is reduced since 
the part needs less machining and the production can be done in-house, more locally. For 
companies, this may be good. But some suppliers will need to develop their business to 
meet new needs from costumers. Reducing the numbers of suppliers and managing the 
production locally in-house also means that the transports from suppliers are reduced. 

AM gives more design freedom to the designers since the machine makes the build just as 
the CAD-model is designed. The designer and developer are thus able to rather fast change 
the parts design without changing anything else than the CAD- model, So, for a more 
complex part it is more efficient with AM, which is economically beneficial. One big 
downside is that the time consumption for the build is very high, one small part can take 
several hours. A typical non- complex part can take 30 hours to make in AM, for example, 
can be compared to CNC where it might take about 3 minutes per part. Consequently, the 
time to produce one part with AM is the same as for produce 600 parts with CNC. But if it 
is a more complex part, there will be several steps in different CNC and traditional 
machines so the time consumption of the part will not be so different from AM 

Human and Social capital – The type of work for the employees will change, the welders 
and CNC operators will not be needed for that job anymore, instead they may get a job 
that contains CAD-modeling, develop the parameters, inputs and to supervise the builds.  
This will require education about the system and how the mechanics for the machines 
works.  
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Since the material used in many AM technologies are powder, the health hazards of 
managing material will be higher than when managing solid material. Handling the powder 
without thinking of the safety could lead to, e.g., intoxication and allergies. For many 
advanced alloys, the mining of the ores could lead to this health hazards. Unfortunately, the 
work conditions in some mines are terrible and it is estimated that about one million 
children working in mines all round the world. This problem is not specific to AM, but if 
AM can decrease the use of material it will decrease that problem.  

Reflec t ion o f  the outcome in the short - t erm and long- term 

For this short-term articulation, it is not realistic to meet the goals, based on the estimated 
amount of material for AM products needed. It also takes a lot from the companies to 
invest and develop their current products. But in the long term, considerable gains in fuel 
and emission reductions, mainly in the use phase. A time-scale 2050 might be more realistic 
[20] 

6.3 AM compared to CNC 
With a near net-shape manufacturing method that adds material, like AM, instead of 
subtracting, like CNC, the savings might be big. For the part in figure 6.4, as an example, 
the amount of material needed is about 2.3 kg for manufacturing by CNC and 2.25 kg 
(150x150 plate and height 100 mm) for producing the same part in EBM, i.e., for this part 
the required amount of material is almost the same.  

 

Figure 6.4: Part whit dimensions r1=30 mm, r2=10 mm, h1=30 mm, h2=70 mm. 

But for CNC the subtracted material are 1.45 kg, compared to EBM where it is almost zero 
depending on supports (see table 6.1). Subtracted materail needs to be recycled, mean while 
the powder is reused directly in the production of the part and therefor do not . Arcam has 
developed a closed-loop powder recycling station that is used for blasting the loosely 
sintered powder to reuse it. Un-reusable powder is powder that has been exposed for too 
much, e.g., oxidation. Normally 90-95 % powder that is used in AM are reusable [18].  

The fly-to-buy ratio for AM are almost always nearly 1:1, but with conventional 
manufacturing the fly-to-buy ratio increases depending the geometry.  

Table 6.2: The material uses for part in figure 6.4, the subtracted material and powder that is not reusable.  
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 Part (kg) Subtracted material Un-reusable powder Total 

CNC 0.88 1.45 0 2.32 

AM 0.88 0 0.04 0.92 

 

 
 

Figure 6.5: Material use for CNC and AM (powder bed fusion) methods. 

The embodied energy of the material in this particular part, with the recycled content 10%, 
for CNC is 650 MJ and the CO2 footprint is 37.3 kg. For the part made in AM the 
embodied energy is 258 MJ and the CO2 footprint is 14.8 kg. It shows that, with only 
primary production of material included, CNC manufactured parts requires more 
embodied energy. If the subtracted material is recycled, however, the embedded energy for 
the subtracted material in the CNC product will decrease by approximately 190 MJ/kg.  

In the CNC process the energy consumption is 14.5 kJ/cm3 [22] so for the calculated part 
above the energy consumption is around 2.5 MJ. Compared to the EBM process, it is a 
much more efficient with CNC, EBM uses approximately 11 MJ (pre-heat of plate and cool 
down not included) per hour so for a part like in figure 6.2 it would take 30 hours 
(estimated from one of the simulations made for this thesis) to make around 9 details. For 
this part, the estimated manufacturing energy would be 330 MJ, which is considerably more 
than the CNC made part that only require 2.5 MJ for the same geometry. With only the 
embodied energies included, the total energy use for CNC product would be 652 MJ and 
for the EBM product 593 MJ.  

AM is about 10% more energy efficient depending on how much virgin material that is 
used in the process. But AM is very time consuming and this part takes 30 hours to make 
in AM, compared to CNC where it will take about 1.5-3 minutes per part. Consequently, 
the time for produce one part with AM is the same as for producing 600-1200 parts with 
CNC.  
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7 Discussion and conclusion 
AM is a new and expanding development in the manufacturing industry, but so far not 
much attention has been focused on the sustainability and the aspects of that. In this area 
there is much more to learn and research, there are several categories of AM methods that 
needs to be investigated with different materials. This report, however, only covers Inconel 
718 with EBM.  

7.1 Energy use and CO2 footprints 
Compared to manufacturing of the powder or/and the build, the extraction of the ores 
almost gives 5-50 times more CO2 footprint than the rest of the process. If using more r in 
the powder metallurgy instead of virgin material, the CO2 footprint will decrease 
significantly. Recycled material is good, not just to decrease the energy use and CO2 

footprint, but also to decrease the mining of the critical elements that are included in the 
alloys. By aiming to reduce the “Natural resources” in figure 2.4, the material never goes 
out of the “circle of life”. For that to happened, the manufacturer needs to recycle, repair 
and re-use more than today, e.g., with the AM method DED, that are briefly described in 
section 3, the area of use are to repair on site.  And that will reduce the material that goes 
to landfill. EBM uses a big amount of material to make the build, for one cm build it is 
required almost 2 kg of powder (for a 150 x 150 build plate). But with traditional 
manufacturing, the material waste is bigger when subtracting the material and the material 
cannot be re-used in production as with AM, it needs to be recycled which takes a lot more 
energy than re-using the powder. Most of the powder are re-usable, but there is a limitation 
on how many times, because it is exposed to, e.g., oxidation. And even if the material 
use/waste are lower with AM, the energy use in the production are much higher than with 
traditional manufacturing, mainly because of it is a time-consuming method. So, it would 
be interesting to investigate the break even for energy use and CO2 footprint between 
traditional manufacturing and AM. Both with recycled and virgin material to find the break 
even without jeopardizing the material properties. 

In this thesis, it was studied that simulations are a good approximation to calculate the 
energy consumption in AM process. This make it possible to simulate new geometries 
instead of doing an actual build to examine the energy consumption and CO2 - footprint, 
which saves both material, time and energy. Further investigation would be to make more 
complex geometries and see if the difference in energy use can be verified. And then make 
real build and verify the numbers and energy/CO2 -footprint.  

7.2 Geometries of the builds 
For a 150 x 150 mm2 build plate, 140x140 mm2 of the powder bed is always sintered, and 
the biggest energy consumption is in the pre- and post-heating for the layers. So, to 
increase the material and energy efficiency, the process parts should preferably be stacked 
or nested. In the two builds in this thesis, there were only one level/stack of builds. 
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Usually, there are multiply levels of nested builds.  When the result was analyzed, it seems 
that the energy use depends on how many layers there is in the build, not the cross-section 
area. Consequently, a higher build would take more energy, which was our speculations, 
because that the biggest energy consummation would be the heating/sintering of the 
powder.  

Build A has a lower energy consumption, but the deformation and tension are higher since 
the cross section of the melt area is larger. But for Build B it is the opposite; higher energy 
consumption, but less deformations and tensions. In figure 7.1 the tensions are visible on 
the build plate for build A, the plate is bent.   

Even though Build B consumed more energy in this build, it is most likely that it had been 
more efficient than build A if the entire build plate had been utilized. But in this thesis, it 
was only the geometry of the build that were interesting. When it comes to CO2 – footprint 
this thesis can establish that the geometry does matter. Because the Build B has a cross-
section that is half of the cross-section of Build A and for the height it is the opposite. 
Therefore, the assumption is that the height and number of layers matter the most. 

 

Figure 7.1:Build A, tension and deformation. 

How complex, or non-complex, does the design need to be before reaching the break-
even? In the examples in section 6, it is estimated that the geometries do not need to be 
especially complex to make a difference in the CO2 footprint. It is the time for the 
production (actual build) that are the crucial.   
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7.3 Sustainability in AM  
Even though AM requires a lot of energy in the build process, it is more efficient compared 
to traditional manufacturing for, e.g., aerospace industry since it can reduce the material by 
up to 90% [21]. By reducing the material of the jet engines, the total mass of the airplanes 
is reduced, it generates to reducing of fuel consumption but also increased power. By, not 
only reducing the weight of the component, with AM the material use and material waste 
reduces. This leads to less mining of rare earth elements and less CO2 footprint. It also 
generates in managing the elements and superalloy, which may lead to less health issues.   

When it comes to energy use and CO2 footprint in the AM process, it is more efficient to 
build like Build A, i.e., take advantage of the build plates surface are. rather than Build B, 
making the build high. In the results that are conducted of CO2 footprint, the difference 
between those builds is small, only 100 gr CO2. However, EBM are not developed for 
these kinds of builds. And, the CO2 footprints could be reduced by using fully renewable 
electricity. Hopefully, if all producers use renewable electricity the fossil CO2 emissions can 
reach to zero. 

One reason why AM is not suitable for all geometries are the time for the build process, 
even though some energy savings can be done with AM, it is not worth the time for the 
producers (as in the example in section 6). The most AM technologies are still expansive, 
therefor smaller producers may not afford these methods.   

When it comes to AM for the aerospace industry, with high performing superalloys, the 
profits for the sustainability are higher than the disadvantage. Mainly because it reduces the 
material weight, i.e., lightweight products. Also, the biggest challenge may be in the product 
use and reduce the fossil fuel. AM will lower the fossil CO2 emissions in the product use, 
but it requires to reduce it more to meet the needs for reaching for the climate goals. 

7.4 Future work 
It would be interesting to compare EBM with other powder bed methods and with more 
alloys. Most valuable would be to make comparable measurement using SLM to compare 
the two methods; EBM are more efficient to make stacking while SLM are more efficient 
for single-part-production.  
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A: EBM Control Build report Build A 

 
 
 

	

	

R1235_2019-05-06_15.47 
Log Studio version: 4.0.15 

	

	
	

Build Summary 
	

Serial Number R1235_2019-05-06_15.47 
	

Machine Name R1235 
	

Powder Batch 17D1441 
	

Software Version 4.2.205 
	

Build Name Hel_platta_ block1_20.1 
	

Material Theme Inco718 
	

Build Envelope \BuildEnvelope\A2X\Arcam\A2X 
	

Layer Thickness 0,075 
	

Last Processed Z-Level 10,050 mm 
	

Selected Start Z-Level 0,075 mm 
	

Selected End Z-Level 10,050 mm 
	

Build Start Time 2019-05-07 07:32 
	

Build Stop Time 2019-05-07 12:32 
	

Heat build platform Time 0:53 hh:mm 
	

Process Time 4:06 hh:mm 
	

Cool Down Time 4:03 hh:mm 
	

Total Build Time 9:03 hh:mm 
	

	

Validation Result 
	

Build Completed 
	

	 	

	 	

Validation Result 
	

	 	

	 	

	

Unsuccessful Verification Rules 
	

Name Value Warning Range 

Column Temperature 73 0-20; 65-75 
	

	

	

	

R1235_2019-05-06_15.47 
	

Page 1 of 3 
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Verification Result 
	

Name Value Warning Limit Critical Limit Unit OK 

Arc-Trips / 10 Minutes 2 0 - 4 

	

0 - 10 

	

Minutes 

	

	

Average Idle Time / Layer 9,9 17,0-25,0 
	

<0,0; >25,0 
	

s 
	

	

Bottom Temperature 1 025 - 1 061 300-400;  

	

<300; >1 200 

	

°C 

	

	

Chamber Pressure CV-EBM 3E-3 1E-4-8E-4; 7E-3-1E-2 
	

<1E-4; >1E-2 
	

mBar 
	

	

Column Pressure CV-EBM 8E-6 1E-8-1E-7; 2E-5-8E-5 

	

<1E-8; >8E-5 

	

mBar 

	

	

Column Temperature 73 0-20; 65-75 
	

<0; >75 
	

°C 
	

	

Filament Current 11,0 - 11,3 7,0-8,0; 11,9-12,0 

	

<7,0; >12,0 

	

A 

	

	

Filament Has Been Peaked 1 
	

<1; >1 
	

	

High Voltage Range 59,8 - 60,0 59,0-59,5; 60,5-61,0 
	

<59,0; >61,0 
	

kV 
	

	

Max Cycle Time 168,3 1 500,0-3 000,0 
	

<0,0; >3 000,0 
	

ms 
	

	

Max Grid Voltage Deviation 3,5 25,0-40,0 

	

<0,0; >40,0 

	

V 

	

	

Max Idle Time / Layer 19,6 50,0-70,0 
	

<0,0; >70,0 
	

s 
	

	

Max Z Deviation 0,0101 0,0150-0,0200 

	

<0,0000; >0,0200 

	

mm 

	

	

Min Grid Voltage / Layer 193,1 120,0-150,0; 400,0-500,0 
	

<120,0; >500,0 
	

V 
	

	

Number of abnormal pulses / Layer 0 4-6 

	

<0; >6 

	

	
	

	

	

	

	

	

	

R1235_2019-05-06_15.47 
	

Page 2 of 3 
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Events 
	

Time Stamp Name 

2019-05-07 07:35:58 ArcTripWarning 

2019-05-07 07:47:32 ArcTripWarning 

2019-05-07 07:59:05 ArcTripWarning 

2019-05-07 08:11:25 ArcTripWarning 

2019-05-07 08:21:25 ArcTripWarning 

2019-05-07 08:52:45 ArcTripWarning 

2019-05-07 08:52:50 ArcTripWarning 

2019-05-07 12:32:46 BuildDone 
	

Process Step Change Log 
	

Time Stamp Action 
	

2019-05-06 17:37:34 Process step 2 enabled 
	

Core 

2019-05-06 17:37:34 Theme Inco718_Melt-4.2.76 loaded into process step 2 
	

Core 

2019-05-06 17:37:34 Theme version 4.2.76 in step 2 
	

Core 

2019-05-06 17:37:34 Process step 1 enabled 
	

Core 

2019-05-06 17:37:34 Theme Inco718_Pre-Heat-4.2.76 loaded into process step 1 
	

Core 

2019-05-06 17:37:34 Theme version 4.2.76 in step 1 
	

Core 
	

Hardware information 
	

Name Value 
Computer information BaseBoard: Manufacturer = iEi, Name = Base Board, Product = B206, SerialNumber = SC15A29855, Version = V1.0 
	

CPU information CPU: Description = x86 Family 6 Model 58 Stepping 9, Manufacturer = GenuineIntel, Name = Intel Pentium III Xeon processor, 
NumberOfCores = 4, NumberOfLogicalProcessors = 8, Status = OK 	

	

	

	

	

	

	

	

R1235_2019-05-06_15.47 
	

Page 3 of 3 
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B: EBM Control Build Report for Build B 

 
 

	

	

R1235_2019-05-13_15.45 
Log Studio version: 4.0.15 

	

	

	

	

	

Build Summary 
	

Serial Number R1235_2019-05-13_15.45 
	

Machine Name R1235 
	

Powder Batch 17D1441 
	

Software Version 4.2.205 
	

Build Name EnergimÃ¤tning, bygge 2 
	

Material Theme Inco718 
	

Build Envelope \BuildEnvelope\A2X\Arcam\A2X 
	

Layer Thickness 0,075 
	

Last Processed Z-Level 20,025 mm 
	

Selected Start Z-Level 0,075 mm 
	

Selected End Z-Level 20,025 mm 
	

Build Start Time 2019-05-14 07:40 
	

Build Stop Time 2019-05-14 15:17 
	

Heat build platform Time 0:47 hh:mm 
	

Process Time 6:49 hh:mm 
	

Cool Down Time 4:34 hh:mm 
	

Total Build Time 12:11 hh:mm 
	

	

Validation Result 
	

Build Completed 
	

	 	 	

	 	 	

Validation Result 
	

	 	 	

	 	 	

	

Unsuccessful Verification Rules 
	

Name Value Warning Range Critical Range Unit 
	

Column Temperature 75 0-20; 65-75 
	

<0; >75 
	

°C 
	

	

	

	

	

R1235_2019-05-13_15.45 
	

Page 1 of 3 
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Verification Result 
	

Name Value Warning Limit Critical Limit Unit OK 

Arc-Trips / 10 Minutes 1 0 - 4 

	

0 - 10 

	

Minutes 

	

	

Average Idle Time / Layer 9,9 17,0-25,0 
	

<0,0; >25,0 
	

s 
	

	

Bottom Temperature 994 - 1 036 300-400;  
	

<300; >1 200 
	

°C 
	

	

Chamber Pressure CV-EBM 3E-3 1E-4-8E-4; 7E-3-1E-2 
	

<1E-4; >1E-2 
	

mBar 
	

	

Column Pressure CV-EBM 8E-6 1E-8-1E-7; 2E-5-8E-5 

	

<1E-8; >8E-5 

	

mBar 

	

	

Column Temperature 75 0-20; 65-75 
	

<0; >75 
	

°C 
	

	

Filament Current 10,9 - 11,2 7,0-8,0; 11,9-12,0 
	

<7,0; >12,0 
	

A 
	

	

Filament Has Been Peaked 1 
	

<1; >1 
	

	

High Voltage Range 59,8 - 60,0 59,0-59,5; 60,5-61,0 

	

<59,0; >61,0 

	

kV 

	

	

Max Cycle Time 148,9 1 500,0-3 000,0 
	

<0,0; >3 000,0 
	

ms 
	

	

Max Grid Voltage Deviation 7,6 25,0-40,0 

	

<0,0; >40,0 

	

V 

	

	

Max Idle Time / Layer 14,4 50,0-70,0 
	

<0,0; >70,0 
	

s 
	

	

Max Z Deviation 0,0099 0,0150-0,0200 

	

<0,0000; >0,0200 

	

mm 

	

	

Min Grid Voltage / Layer 183,3 120,0-150,0; 400,0-500,0 
	

<120,0; >500,0 
	

V 
	

	

Number of abnormal pulses / Layer 0 4-6 

	

<0; >6 
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Events 
	

Time Stamp Name 

2019-05-14 14:24:08 ArcTripWarning 

2019-05-14 15:17:13 BuildDone 
	

Process Step Change Log 
	

Time Stamp Action 
	

2019-05-13 15:45:18 Process step 2 enabled 
	

Core 

2019-05-13 15:45:18 Theme Inco718_Melt-4.2.76 loaded into process step 2 
	

Core 

2019-05-13 15:45:18 Theme version 4.2.76 in step 2 
	

Core 

2019-05-13 15:45:18 Process step 1 enabled 
	

Core 

2019-05-13 15:45:18 Theme Inco718_Pre-Heat-4.2.76 loaded into process step 1 
	

Core 

2019-05-13 15:45:18 Theme version 4.2.76 in step 1 
	

Core 
	

Hardware information 
	

Name Value 
Computer information BaseBoard: Manufacturer = iEi, Name = Base Board, Product = B206, SerialNumber = SC15A29855, Version = V1.0 
	

CPU information CPU: Description = x86 Family 6 Model 58 Stepping 9, Manufacturer = GenuineIntel, Name = Intel Pentium III Xeon processor, 
NumberOfCores = 4, NumberOfLogicalProcessors = 8, Status = OK 	

	

	

	

	

	

	

	

	

	

R1235_2019-05-13_15.45 
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