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This thesis focuses on investigating the sustainability of microwave receiver for maritime
radar repeater and finding solutions which reduce the environmental impact of the device.
The key aims of this research are to find solutions to increase the sustainability of the device
by reducing material waste of the manufacturing method and by selecting the most
sustainable material option for the selected manufacturing process. The sustainability
analysis is based on the R9 Strategies for circular economy which have been adapted
specifically to this case to find the most appropriate solution.

Traditional scientific research methods were applied to find the results. Triangulation was
used to ensure reliability and validity of the research. Finding a more sustainable
manufacturing technique than milling and choosing an appropriate, sustainable material for
the selected method were the primary objectives of the study. Three different manufacturing
methods, milling, additive manufacturing and high pressure die casting, were compared each



having their advantages and disadvantages. Out of the three, high pressure die casting was
pointed out as the most sustainable due to reduction in material waste and more efficient
process than traditional milling. From the six aluminium alloys which were taken into
consideration in the research, three were suitable for high pressure die casting. AlSi10Mg
was found to have the lowest environmental impacts.
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Tassa kandidaatin tyossa tutkitaan meriteollisuuden mikroaaltovastaanottimen kestavyytta
ymparistondkokulmasta. Tutkimuksessa keskitytadn loytamaan ratkaisuja laitteen
kestavyyden parantamiseksi vahentdmalla materiaalihukkaa ja valmistusmenetelmén
ymparistovaikutuksia. Viitteen kestdvyysanalyysille antaa kiertotalouden R9-Strategiat,
jotka on sovellettu tata tutkimusta varten sopivimpien ratkaisujen 16ytamiseksi.

Opinndytetyossa  kaytetddn perinteisia tieteellisen tutkimuksen menetelmid, ja
triangulaatiota hyddynnetdan tulosten luotettavuuden ja patevyyden varmistamiseksi.
Téaman tutkimuksen péatavoitteena oli |0ytdd perinteistd jyrsintdd kestdvampi
valmistusmenetelma seké sopiva ja ymparistoystavallinen materiaali valittuun menetelmaan.
Kolmea eri valmistusmenetelméa vertailtiin, joilla kaikilla on vahvuutensa ja heikkoutensa.



Vaihtoehdoista korkeapainevalu on kestévin, silla siind syntyy vdhemman materiaalihukkaa
ja prosessi on tehokkaampi kuin perinteinen jyrsintd. Korkeapainevaluun soveltuvista
materiaaleista véhiten ympéristovaikutuksia oli AlSil0Mg-materiaalilla.
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Computer Aided Design
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1 Introduction

Microwave receivers are used in radar systems to collect and amplify signals in microwave
frequencies, 1-300 GHz (Donelli, 2014). In the maritime industry, they are used for
navigation and communication (Ryan, 2017) and optimizing their sustainability is good for

the overall sustainability of the maritime industry and microwave electronics.

On Earth, we only have a finite number of natural resources, so it is important to find
innovative solutions for instance, by applying circular economy to ensure the sufficiency of
materials in the future as well. This thesis aims to optimize a microwave receiver for
maritime radar repeater from the viewpoint of sustainability and circular economy through
researching alternative manufacturing methods and materials. It is important to try to make
the maritime industry more sustainable without compromising the performance of the

device.

In spring 2024, a bachelor’s thesis was completed at LUT University on this Microwave
Radiofrequency (MW/RF) component, which preliminarily examined the tolerancing and
material selection of the part. The thesis provided insightful preliminary information about
the device and how to approach this research. However, this thesis will focus on aspects of
environmental friendliness and circular economy from the viewpoint of mechanical

engineering.

1.1 Goal of the research

The goal of this research is to investigate ways to make the device more sustainable. The
main tool which is used for this research is the R9 Strategies for circular economy. The goal
is to find solutions to make the maritime industry more sustainable and in larger scale, to
answer the United Nations sustainable development goal 12 “Ensure sustainable
consumption and production patterns” (THE 17 GOALS | Sustainable Development, no

date).
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1.2 Background and motivation

This research is part of a larger research project going on in the Lappeenranta-Lahti
University of Technology about microwaves, microwave devices and DFMA aspects for
them. The microwave receiver for maritime radar repeater which is investigated can be seen

from the front view with the cover in figure 1 and without the cover in figure 2.

Figure 2: picture of the device without the cover

Figure 3 shows the device straight from above. In the picture, the cavities of the device can
be seen more clearly. The letter C illustrates the cavity in which the dielectric resonator
oscillator (DRO) is located. The cavity must be silver cladded, and the tolerances of
measurements are 0,1 mm so it is the most critical part of the device. The measurements and
other tolerances can be seen in the technical drawings (see appendices 2, 3 and 4). The
quality of the device must be ensured for the correct operation of the device. The other
cavities are for printable circuit boards (PCBs). The joining technologies of the DRO must
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also be considered. The positioning bar of the DRO is made of glass and the dielectric disks
are made of amorphous Zr—Sn-Ti-oxide. Those parts have to be joined with the aluminium

body of the device which is why the joining technologies must be considered in the analysis.

Figure 3: picture of the device from above showing cavity C

1.3 Research problem and research questions

Research problem and research questions are defined in the initial states of this project to set
boundaries for the research. The research problem was defined based on the given task and
research questions were formed from the problem. After research, the questions can be

answered.

The research problem writes: How to make the device more sustainable by applying the R9

strategies throughout the research.

The research questions were formed based on the problem:
- On what basis can the device be made more sustainable?
- How much more sustainable can the device become?

- What is wrong with the current material in terms of sustainability and are there better

alternative materials?
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1.4 Research methodology

In this research, traditional methods for scientific research are applied. These methods
include literature review, expert interview, and a SolidWorks sustainability tool analysis.
For the sustainability analysis, R9 strategies for circular economy will provide frames. These

methods and the results are applied with triangulation.

1.5 Expected contribution

This thesis is expected to provide information on how to develop the sustainability of
microwave receivers for maritime radar repeaters which can improve the sustainability of

the maritime industry in larger scale.
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2 Methodologies

This chapter introduces the research methods in more detail. Additionally, how the reliability

aspects are ensured will also be discussed in this chapter.

2.1 Triangulation

Triangulation is a popular tool for scientific research. In theory it means that minimum two
different approaches are used to collect data for the research (Thurmond, 2001). In this thesis,
three different methodologies are used which helps to ensure for example validity during the
research. The methods used for this thesis are literature search, expert interview, and the R9
strategies and SolidWorks Sustainability tool analysis. The different methods are

comprehensively pictured in table 1.

Table 1: triangulation

R9 Strategies

SolidWorks Literature search &
Sustainability tool < > Expert interview

The research methods are used to find the best solution to improve the sustainability of the
device. The methods are used separately, and later the results will be integrated according to

table 2 where key notes from each method will be listed. The results will be compared and
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combined accordingly so the final results can be formed. The table will also help point out
if the results of each method contradict or support each other. This can also point out if more

research is needed on the topics.

Table 2: table for triangulation to combine all results

Performance oriented

Possible changes Other remarks
aspects

Expert interview

Literature search

R9 Strategies

SolidWorks
sustainability tool

Conclusions

2.2 Expert interview

Expert interviews are a qualitative research method and are an efficient way to collect
information and answers from an expert in the field of research (Déringer, 2021). There are
several ways to conduct a research interview, and for this thesis, it will be conducted as a
group interview. For this research, the interview will be organized in small groups of
students with similar point of view for their thesis, environmental aspects. The questions are
formed beforehand and approved by the supervisors to make sure they are on topic and
support the research. The expert, which is interviewed, will be the same for each group and
all the interviews will be organized for one day as remote interview via Microsoft Teams.
The expert is Professor Emeritus from the Department of Electrical Engineering and

Automation from Aalto University (Pekka Eskelinen, no date).
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Each student prepares a question or two before the interview and has a few minutes to ask
the question and write down the answer. All students from the group can hear all the
questions and answers which can provide insight for their research even though the question
would not be their own. The question asked for this research is:

- How does the operation of the device, and the current materials of the dielectric
resonator oscillator (DRO), limit the material selection and/or possible new

materials?

It is important for the interviewer to be prepared for the interview and gather prior knowledge
from the topic to ensure validity and make them less prone to be subject to groupthink.
Groupthink means when a group of people start prioritizing consensus within the group over
alternative thinking and logical decision making and individual opinions (Groupthink |
Psychology, Decision-Making & Consequences | Britannica, 2025). This can be fatal for
scientific research and can be avoided by questioning concepts and by being curious
(Groupthink | Psychology, Decision-Making & Consequences | Britannica, 2025). The
expert interview should also be backed up by the other research methods. If the answers from
the interview completely differ to answers from other research methods, the reliability of the
interview should be inspected. Additionally, follow up interviews can be asked and more

research conducted with other research methods.

2.3 Literature search

Literature search means finding scientific and peer-reviewed references to support results
from the other research methods and to answer questions set specifically for the literature
search (Grewal, Kataria and Dhawan, 2016). Therefore, literature search is an important
research method and can provide information from very general level to very specific level.
To ensure reliability, it is important to use sufficient amount of peer reviewed references
from scientific databases. For this thesis, literature search aims to find both general
information about the field of topic, sustainability and materials, and more specific

information about the device and microwave electronics.
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For this thesis, literature search is the primary source of data and information. The literature
search will follow the flowchart pictured in table 3. First, the foundations and boundaries are
set by determining the research problem and research questions. They ensure the information
search stays relevant and on topic which also helps to ensure reliability and validity. Then,
preliminary search is conducted which means that some general information about the topic
and the device is searched. This is done prior to the expert interview and can help formulate
the interview question, get an overall picture of the research as well as help to set questions

for the in-depth research.

Table 3: flowchart of the steps of literature search

Forming research problem and
questions/boundaries for research

Finding general information about

—> topic <€

{ l

Writing notes and doing more in

depth research based on them

!

Analysing the results and checking

— that they answer the research ¢

questions

Integrating results with the results

from other methods

Writing

Based on the notes and answers from the expert interview, more in depth research will be
done. The steps of the literature search can overlap with each other and there can be several
smaller topics to research at the same time meaning the stages of literature search can be on

different levels at the same time. Based on the in-depth research or after analysing results,
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more general research might be needed. The writing process is the last and time-consuming
part of the literature search. It can be ongoing with the information search and often requires

multiple rewrites and more information on top of the old.

For literature search, sufficient number of at least 30 references is needed to make sure it is
valid and reliable. A tool presented in table 4 will be used for literature search. In the table,
the questions are listed in the first column, and all references are listed in the first row. With
the tool it is straightforward to see if references provide answers to the questions set for
literature search. If there is a reference that answers multiple questions or all questions, it
should be used with caution or not at all. Additionally, if there is a reference that does not
answer any question, it should not be used either. The topic and the relevance of the reference
will also be summarized to the table, which in turn helps to determine whether the references

fill the requirements for scientific research or not.

Table 4: source material analysis tool

Questions Q1-Qn,

Summarized
observations to

to which the Reference |Reference|Reference |Reference|Reference |Reference |Reference |Reference |Reference |Reference intesrate the final
answers are #1 #2 #3 #4 #5 #6 #7 #8 #9... #N g
answers to each
searched for .
question

Q1

Q2

Q3

Q4...

Qn

Summarized
observations
aboutthe
relevance of each
reference

2.3.1 Material selection process

Choosing the material is one of the critical parts in advancing sustainability of any device.
The material selection is done based on the literature search and it will follow the flowchart
in table 5
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Table 5: steps of systematic material selection process

1 |Requirements profile

2 |Selection strategy

3 |Initial material research and
selection

4 |Specific requirements of material

properties

5 |Final selection based on specific

requirements for material

properties

The systematic material selection process will be utilized when narrowing down more
sustainable material options for the device. The first step is to determine the limitations for
the material by the component, environment or industry. This will be done with research
from literature. The second step is to choose the selection strategy. The selection strategy
means what aspects are prioritised in the selection, for example, some material properties,
sustainability, or cost effectiveness. In this thesis, sustainability is prioritised when selecting
the material. In step three, the initial material selection is made. The selection is made based
on the previous steps. However, industry standards or commonly used materials can also be
the initial material selection. Often more than one material are options for further comparison
and final selection. In step four, concrete data must be provided in order to make reliable
comparison between the options. In the final step, the data is compared, and the final

selection is made.

2.4 Sustainability analysis tools

This thesis centres around the sustainability aspects of the device and how to increase the

sustainability. The main tool for sustainability analysis used in this thesis is the R9 strategies
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for circular economy. With the R9 strategies, Material Input (MI) factor will be used to
calculate environmental load of each material and manufacturing methods. The numerical
data acquired from that analysis will be used to find ways to increase the sustainability of
the device.

2.4.1 RO Strategies

The R9 Strategies for circular economy is a tool which helps to visualize a product’s lifecycle
from design to landfill (R-Strategies for a Circular Economy, no date; Nazir and Doni,
2024). The R9 Strategies are divided into three phases which are the design phase,
consumption phase, and end-of-life phase. Each strategy will fit into one phase. The
circularity is determined by the length of the loop the product, material or process has
according to the strategies. The R9 strategies and short descriptions for each strategy can be
seen in table 3. RO Refuse, R1 Rethink, R2 Reduce belong to the design phase. R3 Reuse,
R4 Repair, R5 Refurbish, R6 Remanufacture, and R7 Repurpose belong to the consumption
phase. R8 Recycle and R9 Recover belong to the end-of-life phase. If the loop is short,
consisting of three steps or less, the product’s lifecycle is not considered circular. The more
steps the product’s lifecycle is adapting, the more sustainable it is (R-Strategies for a

Circular Economy, no date). The R9 Strategies are visualized in table 6 below.
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Table 6: the R9 Strategies

RO Refuse Preventing the use of hamful products and raw
materials

R1 Rethink Rethinking the use of products and materials, new
innovations

R2 Reduce Reducing the consumption of raw materials and

energy. Increasing efficiency of exsisting
processes and products

R3 Reuse Reusing products that are still in good condition for
their original purpose

R4 Repair Maintaining products that can be fixed and used
for their original purpose

R5 Refurbish Updating older products wiht new components, for
example

R6 Remanufacture |Utilizing components from unfurnishable products
to repair another procut with them

R7 Repurpose Using old components for completely new
purposes and products

R8 Recycle Processing waste material into new objects and
materials

R9 Recover Utilizing side streams and/or energy from recycling
processes

Landfill or burning

The R9 Strategies is a popular tool not only for its clarity but also for its adaptability (R-
Strategies for a Circular Economy, no date). This means that the strategies can be used for
various cases since the number of the 9 strategies can be adapted case by case and they can
be put into order of priority based on their relevance to the case. For instance, in this thesis,
not all of the strategies have same level of importance. In table 7, the R9 strategies are listed

with the weighting factor meaning the importance of the strategy for this thesis.
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Table 7: RO Strategies with weighting factors

Weightening of each

R9 criteria strategy
RO Refuse 0

R1 Rethink 0,4
R2 Reduce 0,4
R3 Reuse 0

R4 Repair 0

R5 Refurbish 0

R& Remanufacture 0

R7 Repurpose 0

R& Recycle 0,2
R9 Recover 0
Total 1

The most important strategy for this thesis is R2 reduce. This means reducing the use of raw
materials, making the manufacturing processes more efficient, and reducing waste materials
of the processes. It has the weighting factor of 0,4. R8 recycle is also an important aspect to
consider. This means the materials which are used, and possible waste materials are
recyclable which gives R8 the weighting factor of 0,4. R3 rethink has the weighting factor
of 0,2 because alternative options for materials and manufacturing methods are researched
to increase sustainability. The other strategies are not relevant for the thesis based on ...

which is why they can be left out of the analysis.

2.4.2 SolidWorks Sustainability tool

A 3D model will be made in SolidWorks and analysed with the software’s own
environmental assessment module. The tool is used to find data on the model’s
environmental impact. It is possible to analyse various materials and manufacturing
processes (SOLIDWORKS Sustainability Overview - 2021 - SOLIDWORKS Help, no date)

to select the most sustainable options for the design. The tool will analyse the total energy
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consumption, water eutrophication, carbon footprint and air acidification based on the
material and manufacturing method selected for the device. The results will be used to select
the most suitable options in terms of reducing the environmental effects of the device.

2.5 Means to carry out reliability analysis.

Ensuring that research is valid and dependable is one of the key aspects of a scientific
research. In this thesis, validity and reliability are ensured by conducting reliability analysis
throughout the thesis. For this thesis, minimum of thirty scientific references are required to
provide reliable information. The references are peer-reviewed and from scientific
databases. However, if necessary, commercial references can be used. When using
commercial references, it is important to validate the information from scientific references
to make sure the information or data is reliable. Triangulation, meaning at least three
different research methods are used, is used for this thesis to ensure reliability and validity
for results. Additionally, table 8 below is followed to make sure the requirements for

reliability are met.



Table 8: table for reliability assessment

Literature search

Expert interview

RS9 Strategies

Triangulation

Validity

Reliability

Sensitivity

Accuracy

Saturation

23

The table will be filled out according to how each reliability aspect will be considered with

each research method
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3 Results

This part introduces the results of the expert interview, literature search, the R9 Strategies

and triangulation.

3.1 Expert interview

The question asked from the expert was “How does the operation of the device, and the
current materials of the dielectric resonator oscillator, limit the material selection and/or
possible new materials?”. After taking notes and analysing the expert’s answer, they can be

summarized into three statements:

- The current material of the device is aluminium, it should not be changed (aluminium

is already optional for the device’s operation)

- The DRO is located in cavity C. The length of that dielectric disc could still be

optimized and investigated

- The current manufacturing method for the device is milling. However, it is quite
expensive and produces a lot of material waste. Alternative manufacturing methods

should be considered and researched to optimize sustainability.

The PowerPoint of the expert interview with the question and results can be seen in

Appendix 1.

3.2 Literature search

The literature search focused on researching alternative manufacturing methods for the
device as the expert interview had suggested. The literature search is divided into two distinct

categories: researching the manufacturing method, and the material selection.
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3.2.1 Manufacturing methods

Sustainability of a manufacturing process consists of various smaller aspects. For example,
energy consumption, recourse efficiency, waste management, and emissions and pollution
(Sharma, Prabir and Singh, 2020). Therefore, energy efficiency of the processes, amount of
waste material, suitability for mass production were aspects taken into consideration when
choosing and analysing the processes. The current manufacturing method for the device is
milling. Milling is a traditional machining method for manufacturing where the workpiece
is fixed, and a rotating cutting tool cuts into the workpiece making the product. It is a
versatile process used to make both simple and complex shapes (Anjaneyulu et al., 2017).

Following the strategies R2 Rethink and R3 Reduce, alternative manufacturing methods
were researched to find if they could reduce the overall environmental impact of microwave
receivers for maritime radar repeaters. Reducing waste material and energy consumption is
the main goal when comparing the manufacturing methods. When researching the methods,
alternative materials also must be considered since materials which are suitable for milling
might not be suitable for other manufacturing methods. Material selection is discussed more
in subchapter 3.2.2 Material selection. Manufacturing methods that are taken into
consideration and compared in this thesis are milling, additive manufacturing (AM) and high

pressure die casting (HPDC).

Additive manufacturing of aluminium is a process where the material in the form of powder
or wire is melted with high energy to form the product layer by layer (Nunes et al., 2023).
Additive manufacturing is a good prospect for a manufacturing method since it can
significantly reduce the material waste and cost of the production (Arrizubieta et al., 2020).
For those reasons for example, AM is growing popularity. It is possible to increase
sustainability for production and AM is already largely used with plastics and composites

both commercially and with private users (Javaid et al., 2021).

However, the additive manufacturing of aluminium needs more definite research to provide
a straightforward answer for this research problem. Additive manufacturing is a very energy
intensive process and when compared to conventional manufacturing methods such as
milling (Faludi et al., 2015). Additive manufacturing of metals reduces the amount of waste

materials formed during production, but the process produces health risks for the operators
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such as nanoscale particles which some still lack the safety regulations (Arrizubieta et al.,
2020; Chen et al., 2020). In table 9, a SWOT-analysis of additive manufacturing is done.

Table 9: SWOT analysis for additive manufacturing

Strengths

Weaknesses

Material efficiency, Adaptible
process, Reduce need for

tooling, Suitable for complex

Powders for AM requrie much
energy to produce, Suitable

for only limited selection of

parts materials, Not good for high
production rates

Opportunities Threats

Ongoing research and High energy usage, High cost
development, short R9 loops |for process and materials,
with metal powder recycling |Need for renewable energy

systems sources to be sustainable

High pressure die casting (HPDC) is another possible manufacturing method for the device.
In short, the HPDC process means a material is poured into a mould with high velocity after
which high pressure is applied to ensure the material is spread evenly throughout the mould.
(Kowalczyk et al., 2023). With high pressure die casting it is possible to make complex
products with higher production volume than with AM, and research has been done to
develop the process in terms of reducing porosity of the material and shrinkage after

production by Vacuum assisted die casting (VPDC) (Szalva and Orbulov, 2020).

High pressure die casting is an energy intensive process but the production volume and little
required finishing processes after casting balance the energy intensity (Szalva and Orbulov,
2020; PDF Impacts of High-Pressure Diecasting Process Parameters on Greenhouse Gas
Emissions’, 2024). So, although HPDC has some weaknesses as a manufacturing method, it
presents a considerable alternative for the production of microwave receivers in maritime

industry. In table 10 below, there is a SWOT-analysis of high pressure die casting.



Table 10: SWOT analysis for high pressure die casting

Strengths

Weaknesses

Suitable for high production
rates, Already much used
process, Cost-effective,
Produces little to no

material waste

Porosity and shrinkage can
happen, Materials might
need surface treatment
after process, Suitable for
limited selection of

materials

Opportunities

Threats

Vacuum assisted die
casting can help increase
sustainability and quality of
products, short R9 loops

Energy usage of melting of
materials, Risk of
impurities in recycled
alloys

27

with recycling systems

Additive manufacturing and HPDC are compared with milling, since milling is the method
currently used to produce the device. It is a subtractive process leading to much waste
material and high energy consumption (DeBoer et al., 2021). Aluminium used for this device
can be fully recycled but the cutting waste from milling often contains remains of hazardous
cutting fluids (Haider and Hashmi, 2014) which need to be separated from the material
before recycling. However, the literature search revealed that research has been done to
increase the sustainability of traditional manufacturing methods such as milling and lathing
for although alternative manufacturing methods have been developed, machining is still
widely used in many industries (Bhaskar, Sain and Saraswat, 2024). Table 11 presents the

SWOT analysis of milling as a manufacturing method for microwave receivers.
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Table 11: SWOT analysis for milling

Strengths Weaknesses

Suitable for high production |Produces much waste

rates, Already much used material, recycling the waste

process, Suitable for precise |requires much processing,

tolerances Cutting fluids used are
hazardous

Opportunities Threats

New solutions for cutting Optimizing does not promise

fluids and tools could less waste

increase sustainability

From the tables, it is simple to see strengths, weaknesses, opportunities and threats of each

manufacturing method.

3.2.2 Material selection

Suggested by the expert interview the material of the device, aluminium, should not be
changed. Aluminium (Al) is suitable for maritime applications for its corrosion resistance,
light weight and strength, machinability, and its thermal and electrical properties make it
suitable for radars (Algahtani et al., 2013; Kannoorpatti and Surti, 2012). However, material
research is required since different manufacturing methods need different aluminium alloys
to produce a product with the desired quality. Material selection plays a key role in the
overall sustainability of a product (Nicholson et al., 2009) so, the environmental aspects such
as pollution, water and energy usage, and CO2 emissions of the material production are the
most important selection criteria for the material. Following R2 Reduce, the environmental

impact of the product should be reduced, and one way to achieve that is through material
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selection. The material selection will follow the steps of the systematic material selection

process described in more detail in table 12 below.

Table 12: steps followed for systematic material selection process

1 |Material must be corrosion resistant,
have good electrical and thermal
properties

2 |R9 Strategies and sustainability are
prioritized

3 |Initial material research

4 |Researching the materials suitable for
each manufacturing method and
comparing them

5 |Final selection based on R9 strategies,
Material Impact calculations and the
manufacturing method

Fist the requirements profile is determined by limitations from industry and the operation of
the device. The priority in the selection is sustainability, so the selection strategy is based on
the R9 Strategies. Initial material research supposed to give answers of materials in the
maritime industry in general but as learned from the expert interview, the material is
aluminium. The list of materials to be compared was researched during the search for
manufacturing methods and for each manufacturing method, two or three different alloys
were selected. So, the selection focused on comparing six different alloys of aluminium:
AA6B061, AAB082, AlSi10Mg, AISi9Cu3, AlSil12, and Scalmalloy®.

Raw material for all aluminium is Bauxite ore (Georgitzikis et al., 2021). From Bauxite,
Alumina is extracted with a process called Bayer process (Alumina | Properties, Uses &
Production Process | Britannica, 2025). Alumina is the starting point for aluminium alloys
to which alloying elements are added to get the desired properties for the material (Alumina
| Properties, Uses & Production Process | Britannica, 2025). The first alloy to be considered
is AA6061. It is widely popular alloy with excellent mechanical properties e.g. tensile
strength and hardness, corrosion resistance, and adaptability. AA6061 is especially used in

the aerospace, automotive and marine industries (Siddartha et al., 2022).
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An alloy with similar mechanical properties and chemical composition than AA6061, is
AA6082 which is considered medium strength alloy with high corrosion resistance (Kumar
et al., 2022). It is widely used across industries since the products are lightweight with high
durability and other properties such as weldability. (Kumar et al., 2022). AA6082 is also

highly recyclable and heat treatable to optimize its properties for each application.

AlSi10Mg alloy was also taken into consideration when comparing the alloys. Aluminium-
silicon-magnesium is broadly used in additive manufacturing and in high pressure die
casting (Li et al., 2020). It has good mechanical properties for microwave applications and
for the maritime industry such as corrosion resistance, and thermal and electrical
conductivity (‘AlSi9Cu3 Alloy Properties - Aluminum Die Casting - Sunrise Metal’, no
date). However, the processes of HPDC and AM might affect the porosity and surface finish
of the product. Especially the processing of the material for additive manufacturing can
affect the material (Deillon et al., 2022).

AISi9Cu3 is suitable alloy for high pressure die casting (‘AlSi9Cu3 Alloy Properties -
Aluminum Die Casting - Sunrise Metal’, no date). Its mechanical properties make it suitable
for various applications in different industries (Puga et al., 2011). The alloy’s mechanical,
thermal and electrical properties also suggest that it is well suitable for microwave
electronics and maritime applications. It is also cost effective and durable making the

products’ lifespan longer (Ren, 2024).

Aluminium-magnesium-scandium (Al-Mg-Sc) alloy that has been modified with zirconium,
is also known as Scalmalloy. It is a 5xxx series alloy and was developed specifically for AM
(Deillon et al., 2022). Additive manufacturing requires aluminium alloys to have lower
thermal conductivity so aluminium alloys specifically tailored for different AM processes
have become more interesting to many manufacturers (Deillon et al., 2022). Scalmalloy has
superior mechanical properties and is mainly used in automotive and aerospace industries
(Cerri, Curti and Ghio, 2025). However, the alloy is costly, and the literature search indicates
that only few manufacturers fabricate the material making it rarer than some widely used
alloys. In table 13 below, all alloys considered for the enclosure of microwave receiver are
presented and compared taking the manufacturing method, recyclability and some

mechanical properties into account.
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Table 13: table to compare the results of material selection and literature search

Most suitable Corrosion Thermal Electrical Allovin
manufacturing | Recyclability resistance conductivity | conductivity [;lem‘en tgs Other remarks
method (100 W/mK) (MS/m)
Versitile and widely used, Verv good
Milling High Excellent 151-202 29 Mg, Sc, Cu, Cr| for sustainability, Heat treatable to
enhance properties
AAG061
Strongest Gxxx alloy, Ideal for
- . o - structural and marine applications,
llet 70-22 24-32 Al 8i, Mg, ] .
Milling High Excellent 170-220 4-3 AL §i, Mg, Mn Heat treatable to enhance properties,
AAG082 Very good for sustainability
In AM. powders need to be managed
AlSilonig HPDC, AM Good Good 130-1350 18-22 Al Si, Mg properly to maintain quality, Heat
treatable to enhance properties
AlSi9Cu3 HPDC Good Good 110-120 13-15 AL Si, Cu, Fe | CUlowers corrosion esistance but
improves strength
HPDC Good Good 130-160 1622 AL S Silicon contents must be controlled
Alsil2 & recycims
AM Limited Excellent 100-160 20-30 AL Mg sc | Challensing to recycle due to Sc,

Al-Mg-Sc alloy

Heat treatable to enhance properties

Overall recycling rates in Europe:

90-95 % in transport and construction
60-70 % in packaging

Material for the cover is brass. Brass is an alloy which consists of copper and zinc (Singh et
al., 2020). Naval brass is a traditionally used brass alloy for maritime industry since it has
excellent corrosion resistance and strength (Turker et al., 2016). Naval brass also often
includes small amounts of lead (Pb) and/or tin (Sn) to enhance its properties. However,
exposure to lead during the recycling process, for instance, is harmful and long-term
exposure can cause lead poisoning (Lead poisoning, no date). Therefore, lead-free brass
alloys have been developed and although they tend to have poorer mechanical properties and
corrosion resistance than leaded alloys (Tang et al., 2019), there can be lead-free materials
that fulfil the requirements for microwave receivers. Lead-free brass is defined as an alloy

that contains less than 0,25 % lead by weight or not at all (Nafsinger, 2024).

For the cover, typical naval brass C46400 and silicon brass C87580 were compared. In table

14 the materials for the cover can be seen compared.
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Table 14: table to compare the results of material selection and literature search

I Corrosion Alloying
Recyclability resistance elements Lead content | Other remarks
. Traditional naval
le: 2
High Excellent Cu, Zn. 5n max 0,20 brass, long lifespan
C46400
Considered as an
"eco alloy", other
High Good Cu, 51 max 0,09 elements coan be
added to increase
operties
C87850 prop

C46400 and C87850 share good corrosion resistance and high recyclability. The main
difference comes from the alloying elements and the amount of lead that can be present in
the alloy with C46400 maximum of 0,2 % and C87850 maximum of 0,09 % by weight.

However, literature search suggests that C46400 is more cost effective than C87850.

3.3 R9 Strategies

The R9 Strategies for circular economy were the primary tool to investigate the sustainability
for the device through researching manufacturing methods and materials. The R9 Strategies
were researched and analysed with literature search. R2 Rethink was applied with the
rethinking of manufacturing method and the alternative materials. That resulted in
comparing various different alloys of aluminium and a few different possible manufacturing
methods for microwave receiver for maritime radar repeater. Rethinking the production
process as well as material is an important aspect of the solution of more sustainable

development of the industry.

Increasing material and energy efficiency also had weighting when conducting the research
finding results. In other words, reducing material waste and reducing environmental impacts
linked to the manufacturing process was taken into account. R3 Reduce had a weighting

factor of 0,4 since reducing the overall environmental impact is important for sustainability.
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According to R8 Recycle, recycling aspects of the materials was considered. If a material
was not recyclable, it was not chosen for the comparison. The R9 Strategies were applied
according to the weighting factors and the most important factors, R2, R3, and R8 were taken
into account in each step of the research and analysis to find a solution that is inside the
frames of the R9 Strategies.

3.4 SolidWorks sustainability module

A 3D model of the device was done based on measurements taken from the device. The
measurements were taken with an electric calliper and transferred to SolidWorks to make
the model. The 3D model of the device in SolidWorks can be seen in figure 4. Details of the

device can be found from the technical drawings presented in Appendices 2, 3 and 4.

Figure 4: picture of the 3D model in SolidWorks

Each material that was selected from literature search was analysed one by one with the

sustainability module. The tool analysed the total energy consumption, water eutrophication,
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carbon footprint and air acidification based on the material and manufacturing method
selected for the device. The region for manufacturing and use was chosen to be in Europe
and the duration of use for the device was selected to be seven years based on literature
search and an average radar lifetime. For the end of life for the materials, 99 % recycling
and 1 % incineration was chosen. Those were based on information from literature about
recycling rates of materials. In the figures below, the results from SolidWorks sustainability
analysis are presented as pie charts. In the results values for carbon footprint, total energy
consumption, air acidification, and water eutrophication are presented. See Appendix 5 for
more conclusive reports from SolidWorks sustainability analysis are presented for each

material. In figure 5, results for AA6061 are shown.

34 M)

°

28kg COe

OEC]m
OECm

-

OEC N
OECm

1.1E-5 kg S0z
0019kg 802 Figure 5: results of SolidWorks sustainability analysis for AA6061

For AA6061, most of the emissions come from making material. The second biggest
environmental impacts come from the manufacturing method, which for AA6061 is milling.
The total energy consumption is the smallest to the other compared materials. In figure 6,
the results for AA6082 are shown.
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Figure 6:results of SolidWorks sustainability analysis for AA6082

For this material unlike for AA6061, the biggest emissions overall come from
manufacturing. The manufacturing method used with AA6082 is also milling. Air
acidification is 0,044 kg SO2e of which most come from the manufacturing method.
Compared to AA6061, this material has slightly higher environmental impacts which come
from the manufacturing method whereas for AA6061 the environmental impacts come from
making the material. In the next figure, figure 7, the results for SolidWorks sustainability

analysis for AISiCu3 are presented.



Carbon Footprint Total Energy Consumed
a Material 27 kg COze | W vterial
‘ |:| Manufacturing: 30 kg COze ‘ |:| Manufacturing:
j . Transportation:  0.019 kg COze j . Transportation:
) [ End of Life 27E-3kg COz ) [ End of Life
32kg COze 490 MJ
Air Acidification Water Eutrophication
B veteria: 0.019 kg SOz /’" W veteriat:
@ |:| Manufacturing: 0,040 kg 502e D Manufacturing:
j . Transportation:  8.8E-5 kg S0ze }/ . Transportation:
_ B endofite: 22E6kg SO i B End of Lite
0.059 kg SOze 6.1E-3 kg POse

Figure 7: results of SolidWorks sustainability analysis for AISI9Cu3

33M
450 MJ
0.278 MJ
21E-3MJ

6.2E-4 kg PCue
9.5E-3 kg PQue
2.0E-5 kg POue
4 6E-T kg PCue
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AIlSi9Cu3 has larger overall CO2 emissions than AA6061 and AA60682. The manufacturing
method used with AISi9Cu3 is HPDC. Total energy consumption is larger for AlSi9Cu3

than for the previously mentioned AA6082. In figure 8 below, the results for AlSil12 are

32 MJ

acturing: 450 MJ

21E-3MJ

presented.
Carbon Footprint Total Energy Consumed
’i . Material: 2.6 kg COze i . Material:
|:| Manufacturing: 29 kg COze D Manu
j . Transportation: 0,018 kg COze j . Transportation:  0.274 MJ

i [ End of Life 2 TE-3 kg COze i [ End of Lite

32 kg COze 480 MJ
Air Acidification Water Eutrophication

. Material: 0.018 kg S0ze i . Material:
j |:| Manufacturing: 0,040 kg S0Oze l:‘ Manufacturing:  5.4E-3 kg POse

6.1E-4 kg PCue

. Transportation:  8.6E-3 kg S02¢ j/ . Transportation:  2.0E-5 kg POse

|:| End of Life 2.2E-6 kg SCe D End of Life
0.058 kg 502 6.0E-3 kg POee

Figure 8: results of SolidWorks sustainability analysis for AlSi12

4 6E-T kg POse
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AlSi12 and AISi9Cu3 are both silicon alloys, and the manufacturing method for both is
HPDC. The differences between them are very slim the largest being the total energy
consumption. For AISil2 it is 480 MJ whereas for AISi9Cu3 it is 490 MJ. The other
comparable aspects are the same or almost the same. AISI10Mg is another alloy containing

silicon, for which the results are presented in figure 9 below.

33MJ
410 M)

A
OEC]M

il
OECIM

27 kg COze 440 MJ

<

OEC .

0.044 kg SO:z¢ 4 6E-3 kg POue

Figure 9: results of SolidWorks sustainability analysis for AlISi10Mg

Out of the silicon alloys, AlISi10Mg has the smallest values for carbon footprint (27 MJ),
total energy consumption (440 MJ) and air acidification (0,0440 kg SOze). The
manufacturing method for AlSi12 is HPDC. The final alloy to be analysed for the enclosure

of microwave receiver was Scalmalloy presented in the next figure, figure 10.
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Figure 10: results of SolidWorks sustainability analysis for AlISi10Mg

For Scalmalloy, air acidification is larger for the manufacturing method than for the material
itself. The manufacturing method is AM. The other results are similar to the other alloys
other than AA6061 which has the smallest environmental impacts out of the six compared
alloys. AA6061 is the only material for which the environmental impacts come mostly from

the material. For the other materials, manufacturing causes the most environmental impacts.

For the cover, two alternative alloys were compared: C46400 and C8750. SolidWorks
sustainability module was also used to analyse them. Neither of these materials were found
from the material library in the software, so the results are not fully accurate, but give
reference to which of the materials is more sustainable. In figure 11 results for C46400 are
presented and in figure 12, results for C87850 are presented. In Appendix 6 the full results

from SolidWorks sustainability module for the cover can be found.
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Carbon Footprint Total Energy Consumed

-] B Material 0.520 kg COze i
D Manufacturing:  0.040 kg COze
. Transportation:  9.8E-3 kg COze

W vaterial 77 M
D Manufacturing:  0.760 MJ
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[ EndofLife: ~ 14E-3kgCOze [ End of Life: 1.1E-3 MJ

0.571 kg CO2e 8.6 MJ

Air Acidification Water Eutrophication

fi B veterial 2.4E-3kg SOz = . Material 1.4E-4 kg POse
D Manufacturing:  2.7E-4 kg SOze D Manufacturing:  9.7E-6 kg POse
. Transportation:  4.5E-5 kg SOqe . Transportation: ~ 1.0E-5 kg POse
[ Endoflife:  1.1E-6kg SO [ EndofLife:  24E-TkgPOse

2.7E-3kg S0 1.6E-4 kg POse

Figure 11: results of SolidWorks sustainability analysis for C46400
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. Transportation:  0.010 kg COz¢e
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[ Endoflife:  15E-3kgCOze [ End of Life: 1.1E3MJ
0.684 kg COze 79MJ
Air Acidification Water Eutrophication
Bl Vaterial: 8.1E-3kg SOz6 =3 Wl Vaterial 21E4 kg POse
D Manufacturing:  2.8E-4 kg SOze D Manufacturing:  1.0E-5 kg POse
. Transportation:  4.7E-5 kg S0O=e . Transportation:  1.1E-5 kg POse
D End of Life: 1.2E6 kg SOz I:‘ End of Life: 25E-T kg POse

8.4E-3kg SOze 2 3E-4 kg POse

Figure 12: results of SolidWorks sustainability analysis for C87850

The results are similar to each other and the differences small. Overall carbon footprint, air
acidification and water eutrophication are smaller for C46400. Total energy consumption on
the other hand is smaller for C87850 7.9 MJ compared to 8.6 MJ.
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3.5 Triangulation

Triangulation was used to compare and combine results from the research methods. Table
15 below shows the filled table of summarized results and conclusions.

Table 15: results of triangulation

The combining the results from the expert interview, literature search, R9 Strategies and
SolidWorks sustainability analysis, it can be concluded that high pressure die casting is the
most sustainable manufacturing method with AlISi10Mg used as the material for microwave

Performance oriented aspects Possible changes Other remarks

Frequency rate must be taken into consideration |Changing the manufacturing methdo would |Sustainability of DRO could still be

with material selection. Material has to be be the key in increasing sustainability by optimized as well as other electrical parts.
suitable for micrwoave electronics and maritime |reducing energy usage and material waste.
application.

Expert interview

Differences between materials can be
small. Mew technologies and
developments are invented as more
research is done which might change the

Microwave receivers are an imporant part of HPDC is the most sustainable
radar systems and communication. The partis |manufacturing method in genearl
higly detailed and tolerances are small. The DRO |comparison, milling is second most

Literature search cavity has to be silver cladded to ensure proper

sustainable. All aluminium is highly
operation. Aluminium alloys are most suitable
for enclosure, cover should be brass.

recycled in Europe. field of manufacturing and/or materials in

the future.

Applying circular economy is crucial to achieve
more sustainable world. In terms of this thesis,
material waste must be reduced, energy
consumption must be reduced. Overall

Changing the weighting factors could lead
to complementary or different results.

RS Strategies provide the framework for the
poinf of view of the analysis. They visualize
the lifecycle of a product/material.

R9 Strategies
environmental impact can be reduced with
material choises and manufacturing mehtods.

Milling with AABDE1 produces least
environmental impacts. Overall, materials
produce less impacts than manufacturing
methods. Second least impact come from
ALSi10Mg.

Doing analysis and calculations with other |The results are only references and not 100
softwares and tools could give more
concluding answers/results.

SolidWorks % accurate since not all specific materials

T were found from SolidWorks libraries.
sustainability tool

More research and calculations could
provide more conclusive answers.

Based on literature search and SolidWorks
sustainability analysis, HPDC is most
sustainable manufacturing method with

All materials that are compared fulfill the
requirements for material properties for
microwave receivers for maritime industry and

Conclusions

all manufacturing methods that are compared
are suitable for producing such high precision
parts. HPDC and milling are better for this
application since mass production with AM is
not very profitable.

AlSi10Mg as material. If milling becomes
more optimized and material waste can be
utilized better with less processing, using
milling and AAGDE1 is more sustainable.

receiver for maritime radar repeater.
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4 Discussion

In this chapter, the conclusions based on the results will be discussed. This chapter will also
discuss the reliability assessment of this thesis and discuss possible research topics for the

future.

4.1 Key findings and conclusions

The research focused on finding solutions which would advance the sustainability of
microwave receivers for maritime radar repeaters. The sustainability analysis was done
based on the R9 Strategies for circular economy. The strategies holding most importance for
this thesis were R2 Rethink and R3 Reduce. According to those strategies, the most
important aspect was to rethink materials and manufacturing processes which would
decrease energy usage and material waste. The expert interview and literature review
suggested that the material should not be changed from aluminium. So, the research focused
on finding alternative manufacturing methods which in turn required material research and
selection. The goal for material selection was not to find a completely new alternative
material, but to find aluminium alloy most suitable for the manufacturing methods as well

as increasing sustainability.

From the R9 strategies, R8 Recycle was also an important aspect to consider since using
recycled materials reduces energy consumption and increases material efficiency (Vikhrova,
2019). Aluminium generally has high recycling rates in Europe (Georgitzikis et al., 2021),
but the alloying elements can affect the recyclability of the alloy. The alloying elements also
affect the sustainability of the material; if the alloy includes rare elements which are also

difficult to recycle, it is not the best option in terms of sustainability.

In this research, six different alloys were compared. The initial six alternatives were chosen
based on notes from literature search. Material properties, suitability for microwave radar
applications and the maritime industry were key aspects when considering the alternatives
as well as overall sustainability. Additionally, the suitability of the alloys for different

manufacturing methods had to be taken into account when selecting the material options.
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The manufacturing processes that were compared in this thesis were milling, additive
manufacturing and high pressure die casting. The most important finding in terms of
manufacturing was high pressure die casting. It was indicated that compared to milling,
HPDC is more material efficient, producing less waste material. HPDC is also suitable for
mass production increasing energy and material efficiency, and suitable for products
requiring high precision. For HPDC, three different aluminium alloys were researched. The
alloys compared and which could be used for HPDC were AISil0Mg, AISi9Cu3, and
AlSi12. They all contain silicone and have similar mechanical properties. AlSi10Mg has the
smallest overall carbon footprint, total energy consumption, air acidification and water

eutrophication.

For all materials except for AA6061 the larger portion of the environmental impacts resulted
from the manufacturing method. For AA6061 they resulted from the material. AA6061 had
clearly the smallest environmental impacts but the analysis did not show results for material
efficiency. Additionally, AA6061 was the only alloy originally found from the SolidWorks
materials library and the others had to be made as “custom materials” which can affect the

reliability of the results.

Additive manufacturing was pointed out to be most sustainable in terms of material
efficiency. However, the high energy usage of the process, the materials which require a lot
of processing and contain elements which are not common, ruled AM out as being the most
sustainable option for this device. The materials which are suitable for milling are very
common, and would decrease the environmental impact of the material compared to AM.
However, the wasted material of the process contains cutting fluids which makes recycling
more difficult since the chips need to be processed more to remove the cutting fluids. So,
based on the research, the most sustainable options based on this research are high pressure
die casting as a manufacturing method and AISi10Mg as material. For the material of the

cover, traditional naval brass C46400 is the most sustainable material.

So, answering the research questions, the sustainability can be increased but the increase is
not very great. The device can be made more sustainable based on the based on the results
which point out that although milling is commonly used manufacturing method and suitable
for manufacturing this device, the disadvantage of material waste outweighs the pros.

However, if milling as a manufacturing method would be developed so that the cutting fluids
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do not affect the recyclability of the metal chips, milling could be more sustainable in terms
of manufacturing and the materials used than high pressure die casting and AISi10Mg.

4.2 Comparison and connections with former research

The last research done on microwave receivers for maritime radar repeater was Mingri Sun’s
bachelor’s thesis about the design for manufacture and assembly (DFMA) aspects of the
device (Sun, 2024). In that thesis, the key focus was on the DFMA aspects rather than
sustainability aspects. Sun’s research differs from this thesis in the selection of
manufacturing methods and in the material selection. In Sun’s thesis, only CNC was
considered as a manufacturing method. The material selection was done between stainless
steel and titanium, out of which titanium was selected based on mechanical properties and
suitability for the manufacturing process which was considered to be Computer Numerical
Control (CNC) machining.

However, in the discussion part of Sun’s thesis, possible topics for future research
optimization included manufacturing process optimization. In this thesis, the options for

manufacturing methods were analysed from the viewpoint of sustainability.

4.3 Reliability assessment of the results

Ensuring reliability was taken into account in every step of this research, from the selection
of research methods to having a tool to assess reliability for each method. Using triangulation
ensured that at least three different methods were used to approach the research questions
and find results. Additionally, fifty-four references were found. With the source material
analysis tool presented in Appendix 7, the validity of the references was inspected. So, the
research questions were approached with multiple methods and by using various references

and sources. In table 11, the reliability assessment table is filled out.



Table 16: results of reliability assessment

Literature search Expert interview R9 Strategies Triangulation
Validity Making sure the references Interviewing a credible |Using sytematic Determining
answer the right questions and acknowledged processes to use research goals
expert the RO Strategies and research
guestions
Reliability [Having a clear reference listso  |Having prepared Doing research for |Comparing
that search is easy to repeat questions and making |each strategy to results from
sure they aretopical |selectthe most different
for research important ones methods
Sensitivity |Identifying different results from |Considering also other |Doing research for |Taking
research points of view forthe  |each strategy to variations into
resulis select the most consideration
important ones
Accuracy |Using multiple scientific Taking notes as Selecting the most  [Using
references accurately as possible |important of the R9  |sufficient
and considering strategies for this  |number of
answers from other thesis references for
scientific sources as each research
well method
Saturation |Collecting sufficieng amout of  |Finding articles to Finding articles to  [Using
information and data from support the support the triangulation
minium of 30 references interviewees answers |answers consistently
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Some observations regarding reliability can be made from SolidWorks. All materials and

their sustainability profiles might not be 100 % accurate since they were created manually
to SolidWorks. The only material found from the SolidWorks material library was AA6061.

The rest of the materials were created manually, and their sustainability profiles were only

referencing some materials already existing in the SolidWorks material library. So, the

results from the sustainability module are not exact but accurate enough to draw conclusions

from. Additionally, only milling was listed in the manufacturing method selection list. So,

AM was analysed as “custom” and HPDC as “die casting”. These changes also alter the

results especially when it comes to the sustainability of manufacturing.
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4.4 Topics for future research

Based on this research, possible topics for future research from the point of view of
sustainability and optimization can be proposed. The sustainability of microwave receivers
can still be optimized and in the future, the sustainability analysis of the materials and
manufacturing methods could be done with more accurate software to get more precise

results. Below, some possible research topics for future are listed:

How would the results change if the weighting factors of the R9 Strategies would be
different?

- Can the sustainability increase by optimizing the DRO? How much would it

increase?

- How can the milling process be advanced in terms of material efficiency for

microwave receiver?

- If milling can be optimized in terms of sustainability, would it make sense to change

the manufacturing method for microwave receiver.



46

5 Summary

This thesis was a part of a larger ongoing research project about microwave electronics in
Lappeenranta-Lahti University of Technology. Increasing the sustainability of a microwave
receiver contributes to the overall sustainability of maritime radar system. To meet
sustainability goals, it is important to research more sustainable alternatives for processes
and materials, and to develop the already existing ones. This thesis researched alternatives
for manufacturing processes and materials for microwave receivers for maritime radar
repeaters. The research was done using multiple research methods and utilizing triangulation
to analyse and combine all of the results. The results show that it is possible to increase the
sustainability with material choices and using the most suitable manufacturing method.
However, although the results point towards HPDC being the most sustainable
manufacturing method, literature search pointed out that there is current research about
optimizing milling and increasing its sustainability. Materials are also developing rapidly.
However, new materials and technologies are often more expensive, so cost and efficiency
of current processes often outweigh the possible advancements of newer and more expensive
materials. Still the development needs to happen with materials and manufacturing to reach

sustainability goals and to make the circular economy loops shorter.
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Appendix 1: PowerPoint slides of questions and answers of expert interview
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MARITIME RADAR REPEATER I” Category 2: Quality assurance in production

s Martta Ikonen DiCategory 3: DFMA aspects

» Topic 25: Sustainability Analysis Using R9-Strategies for Microwave Receiver for Maritime Radar

Repeater

»  Question: "How does the operation of the device, and the current materials of the dielectric resonator

oscillator, limit the material selection/possible materials?”

» Photo of the device and a photo of the 3D model:

8¢ Bohersiy
ABOUT THE EXPERT

»» Professor Emeritus Pekka Eskelinen from the Department of Electrical Engineering and Automation

from Aalto University

»» Eskelinen has done research on radar systems and “weak signal radio receiver technologies”

(https://research.aalto.fi/en/persons/pekka-eskelinen)
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EXPERT’S ANSWER

—
» Question: "How does the operation of the device, and the current materials of the dielectric resonator oscillator,

limit the material selection/possible materials?”

Answers (in short):
»» Plastics are out of the question, the material has to be metallic
»» Steel could be an option. However, the current material, aluminium, is already suitable and should not be changed
»  Aluminium has good properties
» The current manufacturing method is milling. It is quite expensive and produces a lot of material waste
* The real question would be to find a better/more sustainable manufacturing method

» Cavity C is the critical part of the device since the DRO is in there. The measurements for the dielecgtric disk

could be investigated. Could the length be optimized?

b Lut
_,\ University

GENERALIZABLE OBSERVATIONS FROM THE
RESPONSES

»» Repeatability in terms of manufacturing is important which means the material selection and design are

important
»» Milling gives the product good (enough) quality surface finish
» The frequency range/limit must be taken into consideration when choosing the material

»» For environmental aspects, metal can be removed from the spaces where there are not PCBs



Appendix 2: Technical drawings of device: enclosure
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Appendix 3: Technical drawings of device: cover
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Appendix 4: Technical drawings of device: assembly
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Appendix 5: SolidWorks sustainability analysis (enclosure)

Sustainability Report

Model Name:

MicrowaceReceiver

Material: 6061 Alloy

Recycled content: 0.00 %

Weight: 206.33g

Surface Area:

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint

2.8 kg COz

Air Acidification

0.019 kg SO2¢

Material Financial Impact

- Material: 2.7 kg CO2e

|:| Manufacturing:  0.050 kg CO2e
- Transportation:  0.019 kg COze
[ End of Life: 0.013 kg COz
Il Vaterial: 0.019 kg SOz¢
|:| Manufacturing: ~ 3.3E-4 kg SOze
[l Transportation:  8.8E-5 kg SOz
B EndofLife: ~ 1.1E-5kg SOz

0.50 USD

Built to last: 7.0 year
Duration of use: 7.0 year
Total Energy Consumed
i - Material:
|:| Manufacturing:
- Transportation:
|:| End of Life:
35 MJ
Water Eutrophication
" - Material:
|:| Manufacturing:
- Transportation:
|:| End of Life:

6.4E-4 kg POse

48569.53 mm? Milled

Manufacturing process:

34 M
0.945 MJ
0.278 MJ

0.011MJ

6.1E-4 kg POse
1.2E-5 kg POse
2.0E-5 kg POse

2.3E-6 kg POse



Sustainability Report

Model Name: MicrowaceReceiver Material: AABO82 Weight: 206.33 ¢ Manufacturing process:
Surface Area: 48569.53 mm? Milled
Recycled content: 0.00 % Built to last: 7.0 year
Duration of use: 7.0 year
Environmental Impact (calculated using CML impact assessment methodology)
Carbon Footprint Total Energy Consumed
/" : I Material: 2.7kg COz "' B Vvaterial: 34 MJ
‘ |:| Manufacturing: 25 kg CO2e |:| Manufacturing: 420 MJ
. Transportation:  0.019 kg CO2e . Transportation:  0.278 MJ
Bl EndofLife: ~ 2.7E-3kg COze [ End of Life: 2.1E-3MJ
28 kg CO2e 450 MJ
Air Acidification Water Eutrophication
Bl Material: 0.019 kg SOze i I vaterial 6.1E-4 kg POse
|:| Manufacturing:  0.025 kg SOze ‘ |:| Manufacturing: ~ 4.0E-3 kg POse
. Transportation: ~ 8.8E-5 kg SOze . Transportation: ~ 2.0E-5 kg POse
Bl EndofLife:  2.2E-6 kg SOz Bl Endof Life: ~ 4.6E-7 kg POse
0.044 kg SO2e 4.6E-3 kg POse
Material Financial Impact 0.50 USD
s

Click here for alternative units such as ‘Miles Driven in a Car’

SOLIDWORKS


http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR

Sustainability Report

Model Name: MicrowaceReceiver Material:

Recycled content:

AISi10Mg

0.00 %

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint
/‘- x . Material:
‘ |:| Manufacturing:
. Transportation:
B End of Life:
27 kg CO2e
Air Acidification
. Material:
|:| Manufacturing:
. Transportation:
. End of Life:

0.044 kg SO2e

Material Financial Impact Not Defined

2.7 kg CO2e
25kg CO2
0.019 kg CO2e

2.7E-3 kg CO2e

0.019 kg SO2¢
0.025 kg SO2e
8.7E-5 kg SO2¢

2.2E-6 kg SOz

Click here for alternative units such as ‘Miles Driven in a Car’

Weight: 204.04 g Manufacturing process:
Surface Area: 48569.53 mm?  Die Casted
Built to last: 7.0 year
Duration of use: 7.0 year
Total Energy Consumed
"- B Vvaterial: 33MJ
|:| Manufacturing: 410 MJ
. Transportation: ~ 0.275 MJ
[ End of Life: 2.1E-3 MJ
440 MJ
Water Eutrophication
i B Vaterial: 6.0E-4 kg POse
‘ |:| Manufacturing: ~ 3.9E-3 kg POse
. Transportation:  2.0E-5 kg POse
. End of Life: 4.6E-7 kg POse
4.6E-3 kg POse
17?5
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http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR

Sustainability Report

Model Name: MicrowaceReceiver Material:

Recycled content:

AISi9Cu3

0.00 %

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint
/‘- x . Material:
‘ |:| Manufacturing:
. Transportation:
B End of Life:
32 kg CO2e
Air Acidification
. Material:
|:| Manufacturing:
. Transportation:
. End of Life:

0.059 kg SO2e

Material Financial Impact Not Defined

2.7 kg CO2e
30 kg CO2¢e
0.019 kg CO2¢

2.7E-3 kg CO2e

0.019 kg SO2¢
0.040 kg SO2¢
8.8E-5 kg SO2¢

2.2E-6 kg SOz

Click here for alternative units such as ‘Miles Driven in a Car’

Weight: 206.33 g Manufacturing process:
Surface Area: 48569.53 mm?  Die Casted
Built to last: 7.0 year
Duration of use: 7.0 year
Total Energy Consumed
/‘- B Vvaterial: 33MJ
|:| Manufacturing: 450 MJ
. Transportation: ~ 0.278 MJ
[ End of Life: 2.1E-3 MJ
490 MJ
Water Eutrophication
i" B Vaterial: 6.2E-4 kg POse
; |:| Manufacturing: ~ 5.5E-3 kg POse
. Transportation:  2.0E-5 kg POse
. End of Life: 4.6E-7 kg POse
6.1E-3 kg POse
17?5

SOLIDWORKS


http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR

Sustainability Report

Model Name: MicrowaceReceiver Material:

Recycled content:

AlSi12

0.00 %

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint
/‘- x . Material:
‘ |:| Manufacturing:
. Transportation:
B End of Life:
32 kg CO2e
Air Acidification
. Material:
|:| Manufacturing:
. Transportation:
. End of Life:

0.058 kg SO2e

Material Financial Impact Not Defined

2.6 kg COze
29kg COze
0.018 kg COze

2.7E-3 kg CO2e

0.018 kg SO2¢
0.040 kg SO2¢
8.6E-5 kg SO2¢

2.2E-6 kg SOz

Click here for alternative units such as ‘Miles Driven in a Car’

Weight: 203.28 g Manufacturing process:
Surface Area: 48569.53 mm? Die Casted
Built to last: 7.0 year
Duration of use: 7.0 year
Total Energy Consumed
"' B Vvaterial: 32M
|:| Manufacturing: 450 MJ
. Transportation: ~ 0.274 MJ
[ End of Life: 2.1E-3 MJ
480 MJ
Water Eutrophication
i" B Vaterial: 6.1E-4 kg POse
; |:| Manufacturing: ~ 5.4E-3 kg POse
. Transportation:  2.0E-5 kg POse
. End of Life: 4.6E-7 kg POse
6.0E-3 kg POse
17?5

SOLIDWORKS


http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR

Model Name: MicrowaceReceiver Material:

Recycled content:

Scalmalloy (r)

0.00 %

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint
/" ) Il Vaterial:
|:| Manufacturing:
. Transportation:
B End of Life:
28 kg COz¢
Air Acidification
Il Material:
|:| Manufacturing:
. Transportation:
[ End of Life:

0.046 kg SO2e

Material Financial Impact Not Defined

2
p75Y
SOLIDWORKS

2.8 kg COze
25 kg COze
0.019 kg COze

2.7E-3kg COze

0.021 kg SO2e
0.025 kg SO2e
8.7E-5 kg SO2¢

2.2E-6 kg SOz

Weight: 204.04 g Manufacturing process:
Surface Area: 48569.53 mm? Die Casted
Built to last: 7.0 year
Duration of use: 7.0 year
Total Energy Consumed
i I Vvaterial: 35MJ
[ Manufacturing: 410 MJ
. Transportation: ~ 0.275 MJ
[ End of Life: 21E-3MJ
450 MJ
Water Eutrophication
i B Vaterial: 6.8E-4 kg POse
‘ [] Manufacturing: ~ 3.9E-3 kg POse
. Transportation: ~ 2.0E-5 kg POse
Bl Endof Life: ~ 4.6E-7 kg POse

4.6E-3 kg POse

GaBi Software



Appendix 6: SolidWorks sustainability analysis (cover)

Sustainability Report

Model Name: MicrowaveReceiverLid

Material:

Recycled content:

C46400

0.00 %

Weight:

Surface Area:

Built to last:

Duration of use:

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint

0.571 kg COz

Air Acidification

2.7TE-3 kg SO2¢

Material Financial Impact

- Material:

|:| Manufacturing:

- Transportation:

|:| End of Life:

- Material:

|:| Manufacturing:

- Transportation:

|:| End of Life:

Not Defined

0.520 kg COze
0.040 kg COze
9.8E-3 kg COze

1.4E-3 kg COz

2.4E-3 kg SO2¢
2.7E-4 kg SOz
4.5E-5 kg SO2e

1.1E-6 kg SO2¢

Total Energy Consumed

8.6 MJ

Water Eutrophication

—

1.6E-4 kg POse

106.90 g Manufacturing process:
18520.70 mm? Sheetmetal

7.0 year

7.0 year

- Material: 7.7MJ

|:| Manufacturing:  0.760 MJ
- Transportation: ~ 0.144 MJ
B End of Life: 1.1E-3 MJ

- Material:

|:| Manufacturing:

|:| End of Life:

- Transportation:

1.4E-4 kg POse
9.7E-6 kg POse
1.0E-5 kg POse

2.4E-7 kg POse



Sustainability Report

Model Name: MicrowaveReceiverLid Material: C87850 Weight: 110919 Manufacturing process:
Surface Area: 18520.70 mm? Wire
Recycled content: 0.00 % Built to last: 7.0 year
Duration of use: 7.0 year

Environmental Impact (calculated using CML impact assessment methodology)

Carbon Footprint Total Energy Consumed

B Vaterial: 0.631 kg COz B Material: 7.0MJ

[ Manufacturing:  0.041 kg CO2e [0 Manufacturing:  0.789 MJ

B Transportation:  0.010 kg CO2e B Transportation:  0.150 MJ

B End of Life: 1.5E-3 kg CO2¢ B End of Life: 1.1E-3MJ

0.684 kg CO2e 7.9MJ

Air Acidification Water Eutrophication
i B Material: 8.1E-3 kg SO2¢ ™1 B Material: 2.1E-4 kg POse

[0 Manufacturing:  2.8E-4 kg SOze [0 Manufacturing:  1.0E-5 kg POse
B Transportation:  4.7E-5 kg SOz B Transportation:  1.1E-5 kg POse
B End of Life: 1.2E-6 kg SO2¢ B End of Life: 2.5E-7 kg POse

8.4E-3 kg SO2¢ 2.3E-4 kg PO4e

Material Financial Impact Not Defined

>
25
Click here for alternative units such as ‘Miles Driven in a Car’ SOLIDWORKS



http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR

Glossary

Air Acidification - Sulfur dioxide, nitrous oxides other acidic emissions to air cause an increase in the acidity of rainwater, which in turn acidifies lakes and
soil. These acids can make the land and water toxic for plants and aquatic life. Acid rain can also slowly dissolve manmade building materials such as
concrete. This impact is typically measured in units of either kg sulfur dioxide equivalent (SO2), or moles H+ equivalent.

Carbon Footprint - Carbon-dioxide and other gasses which result from the burning of fossil fuels accumulate in the atmosphere which in tumn increases the
earth’s average temperature. Carbon footprint acts as a proxy for the larger impact factor referred to as Global Warming Potential (GWP). Global warming
is blamed for problems like loss of glaciers, extinction of species, and more extreme weather, among others.

Total Energy Consumed - A measure of the non-renewable energy sources associated with the part’s lifecycle in units of megajoules (MJ). This impact
includes not only the electricity or fuels used during the product’s lifecycle, but also the upstream energy required to obtain and process these fuels, and the
embodied energy of materials which would be released if burned. Total Energy Consumed is expressed as the net calorific value of energy demand from
non-renewable resources (e.g. petroleum, natural gas, etc.). Efficiencies in energy conversion (e.g. power, heat, steam, etc.) are taken into account.

Water Eutrophication - When an over abundance of nutrients are added to a water ecosystem, eutrophication occurs. Nitrogen and phosphorous from
waste water and agricultural fertilizers causes an overabundance of algae to bloom, which then depletes the water of oxygen and results in the death of
both plant and animal life. This impact is typically measured in either kg phosphate equivalent (POa) or kg nitrogen (N) equivalent.

Life Cycle Assessment (LCA) - This is a method to quantitatively assess the environmental impact of a product throughout its entire lifecycle, from the
procurement of the raw materials, through the production, distribution, use, disposal and recycling of that product.

Material Financial Impact - This is the financial impact associated with the material only. The mass of the model is multiplied by the financial impact unit

(units of currency/units of mass) to calculate the financial impact (in units of currency).

Learn more about Life Cycle Assessment @

2,
23 ‘ o otware
SOLIDWORKS
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Appendix 5: Reference analysis tool results

Questions Q1-0n, to which
thie answers are ssarched
for

Which manufacturing
processes would increase
the sustainability of the
device?

What are the key aspects of
each manufacturing
method?

What material propertiesdo
each alternative materials
have?

What material properties
should the material hawe?
(marine industry and
micrewave electonics)

On what basis is one or
manutacturing method
material more sustainable
than another?

How isscientific research
conducted and what
aspects make itreliable?

How can sustainability be
assessed?

Summarized observations
about the relevance ofeach
referance

information sbout
manufacturing

Aluminium 8061,
impartant basic
information

Howto conducts
resasrch intenviow

How to utilize
triangulation in
reseanch

UN175DG,
importatmt

Suatsinabla
practces adapted
during milling

ey useful.
Sustsinability of
rew materal of
alumimiun.
Reecycling

Abouta specific
migtesial in marine
environment

Environmantsl
mapects of AM

Increasing
suatainabidity of
AM

R3 Strategios for
circulareconomy




Questions Q1-Qn, to which
the answers are searched
for

‘Which manufacturing
processeswould increase
the sustainability of the
device?

‘What are the key aspects of
each manufacturing
method?

‘What material properties do
each alternative materials
have?

‘What material properties
should the material have?
{marine industry and
microwave electonics)

Onwhat basis is one or
manufacturing method
material more sustainable
than another?

How s scientific research
conducted and what
aspectsmake it reliable?

How can sustainability be
assessed?

Summarized observations
about the relevance of each
reference

RS Strategies for
circular economy

Infarmation about
expert to be
interviewed

Environmental
aspects of HPDC,
GHG

Ulizing RS
Strategies

MIPS calculations,
Ml factor, Very
important

Oneinformation,
microwave
frequency range

About a specific
matesial

About a specific
material

Conducting a
literature search

About microwave
electronics

About a specific
material




Questions Q1-Qn, to which
the answers are searched
for

Ocf28

‘Which manufacturing
processes would increase
the sustainability of the
device?

‘What are the key aspects of
each manufacturing
method?

‘What material properties do
each alternative materials
have?

‘What material properties
should the material have?
{marine industry and
microwave electonics)

On what basis is one or
manufacturing methed
material more sustainable
than another?

How Is scientific research
conducted and what
aspects make it reliable?

How can sustainability be
assessed?

X

Summarized observations
about the relevance of each
reference

About a specific
material

AboutHPDC asa
process

About groupthink
during research
imterviews

Healtaspects of
AM

Aboutaluminium

LCAin material
selection

Microwave radar
systems in marine
application

About a specific
material

Sustainability of
AMvs. traditional
machining

Evaluation of GHG
in aluminium
casting processes

Case study of
assessing
sustainability of
mianufacturing




Questions Q1-Qn, to which
the answersare searched
for

‘Which manufacturing
processeswould increase
the sustainability of the
device?

‘What are the key aspects of
each manufacturing
method?

‘What material properties do
each alternative materials
hawve?

‘What material properties
should the material have?
(marine Industry and
microwave electonics)

On'what basis is one or
manufacturing method
material more sustainable
than another?

How s scientific research
conducted and what
aspects make it reliable?

How can sustainability be
assessed?

X

Summarized observations
about the relevance of each
reference

Infarmation about
milling

About alumina,

raw material of
aluminium,
sustainability

About a specific
material

LCA comparison
of different
manufactunng
methods

Aboutradars

About a specific
matesial

Abouta specific
material

Environmental
and health
aspects of metal
machining

Aboutbrassasa
material

Recycling of brass
and how it affects
the mechanical
properties




Questions Q1-Qn, to which
the answers are searched
for

Retd7

et

Summarized
observations to
integrate the
final answers to
each guestion

Which manufacturing
processeswould increase
the sustainability of the
device?

ML manufacturing
methods hewe
pros and cona
whan it comias to
susteinabiity.
HPDC s themost
susteinabledueto
afficiency and
reduction of
migterial waste
compered D
milling

What are the key aspects of
each manutacturing
method?

Milling: eficient,
cutting fluids,
much mateisl
waste, traditonal
and much used
methad. HPDEC:
afficlent, Lless
misterial waste,
good for complex
parts, might affect
misterial
properties. AM
anorpy Intensive,
UsES Mo
complex
MEtErials, seon a8
thiefuturetor
menutacuning

What _..E_E_Euquu_mammnne_
esch altemative materials
hawe?

Ml ottheslloys
theat are compared
havesimilar
properties end ane
suRsbleforthe
applicstion. The
slloys containing
silicon specitically
havesimilar
preperties.
AMBOG1 and
Scalmelloy heve
Largiest ditferances




What material properties
should the material have?
(marine industry and
microwave slectonics)

Comaskon
resistance,
durability for
marine
environment,
sultability for
micrwave
applications,
handness to
Increaselfespen,
recyciability

Onwhat basis is one or
manufacturing method
material more =ustainable
than another?

Bazed on the
regearch and
sustanability
anglysis, e
elloyin elements,
recycsbility,
processing,
\itespan affect
sustainability of
material. For
menutactunng
methods, enepy
usSEe, eficioncy,
tool Iife,
aconamics and
eMmissions aftect
SUEtENEDILTY.
Reducing the
Impacts, soma
option ks more
sustainable

How is scientific ressarch
conducted and what
aspects make it reliable?

By following
soenmfictomulas
for research

How can sustainability be
assassad?

With varous
tools,
celoylations,
softwares.
Sustainabllzy can
beapproached
from verous
angles. This
reseanh focuses
O MU CEN
environmental
Impects

Summarized observations
abaiit the relevance of sach
reference

About naval brass

Lesd-free brass
and s properties
and suRsbility

What s Lead
poisoning and
howe s a
sustainsbility
Issue

What ks Lead-free
brass

Anout a specific
misterial

Challengos of
recyoding
aluminium

About sluminium
m—.ov_m and thosr
mechanical
properies

About & specific
mataral

SoplidWorks
sustanabiliny
module

Previous thesis on
DFMADT
MG EvE
TECEVES

Rocyoting of

aluminium

Haslth and
anvinsnmen sl
aspects of milling




