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In this research paper, a thorough investigation was conducted to seek different ways of 

ensuring and enhancing the performance of the metal housing and plate cover of a 

microwave receiver. Focusing on areas such as dimensional tolerances, thread quality, 

joining methods, cutting methods, surface coatings, and materials to answer the main 

research question of this research: To what extent do quality assurance techniques such as 

3D modelling, application of dimensional and geometric tolerances, material selection, and 

joining methods ensure the reliability and performance functionality of microwave receivers 

used in maritime radar systems? By combining the three research methods used in the 

applied triangulation ï expert interview, literature review, physical observations and 3D 

modelling ï results showed that aluminium alloy 6061 and a brass alloy would be the initial 

building blocks for the microwave receiver. Seeing that the billet of each metal would be 

milled, drilled, and then tapped, various quality assurance techniques such as the use of 

coordinate measuring machines, optical and non-optical profilometers, and simple handheld 

tools, among other methods, can be used to check for dimensional and geometric accuracies, 

along with the use of cutting fluids to provide good overall quality of the machined pieces. 

Moreover, enhancements to the performance of the device were also discussed, such as 

looking into the application of surface coatings of silver and how it improves the electrical 

conductivity of the dielectric resonator cavity.  
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1  Introduction 

In the early 19th century, microwave devices first emerged as microwave tubes as part of 

communication and radar systems. This was followed by large advancements during World 

War II for antennas and solid-state devices, applications in heating devices and now 

improved radar systems and measurement devices. In terms of radar and communication 

systems, they detect incoming signals by measuring the movement of conduction electrons 

about electromagnetic waves. Given this process is linear, the current being measured is 

directly proportional to the superposed microwave amplitudes (Tirfessa and Roychoudhuri, 

2019). Moreover, they filter out any unnecessary signals by using a bandpass filter. This 

filter allows the microwave receiver to reject electromagnetic signals that arenôt in the 

desired frequency range along with eliminating any unwanted discrepancies (Kastro and 

Wiselin, 2019).  

Like many electrical devices used in modern-day maritime radars, a microwave receiver 

consists of a series of electrical components. The electrical components within the 

microwave receiver under study can be found in its 2024 research paper where a DFMA was 

conducted. As seen in Figure 1, this electrical device is made up of different electrical 

components, such as a brass circuit board located in the top centre cavity, a dielectric 

resonator located in the top right cavity whose frequency readings can be adjusted using 

brass tuning screws, a frequency amplifier located on the top left, intermediate brass 

frequency filters located in the bottom left cavity, and an assortment of SMA connectors and 

wires.  
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Figure 1: Electric components inside microwave receiver housing (Sun, 2024) 

The overall performance of the device depends not only on its electrical components but also 

on the effectiveness of its metallic shell in preventing signal interference. Due to this, the 

metallic shell requires quality checking after it has undergone its initial manufacturing 

process. As a result, this research paper focuses on creating a quality assurance plan by 

investigating geometric and dimensional tolerance, joining methods between critical 

components, potential surface treatments and coatings that can be applied, and a brief dive 

into the material selection and manufacturing method for a metal enclosure microwave 

receiver used in maritime radar.  

As stated previously, a manufacturing plan, material selection, and DFMA analysis of this 

device were conducted during the 2023-2024 academic year. As a result, the material 

selection of the device will not be thoroughly investigated but rather focused on ensuring the 

quality of the device before, during and after manufacturing. Being part of LUT Universityôs 

broader research in radio frequency and microwave technologies, the results found in this 

research will be used to build on the knowledge and research conducted during the 2023-

2024 academic year.  
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1.1  Background and motivation 

In recent years, sustainability has been at the forefront of engineering innovation. Raw 

material prices rising year after year, and governments phasing out certain technologies, 

engineers have had to work hard to innovate and produce products that have been designed 

with optimization, sustainability and a circular economy in mind. Components such as a 

microwave receiver require careful attention to detail, as they play a vital role in the 

functionality of maritime radar systems.  

1.2  Goal of Research  

The main objective of this research is to investigate ways to ensure and enhance the 

manufacturing quality of a metal enclosure of a microwave receiver. Diving into areas such 

as measurement and testing procedures, surface coatings and treatments, use of CAD 

modelling, joining methods and materials, thus inspecting ways of ensuring the device 

functions correctly and accurately.   

1.3  Research problem 

Given the component operates at microwave frequencies, any misalignments, surface 

irregularities, or use of non-compatible materials when discussing coating can hinder the 

precision and accuracy of the results when using the device.   

Based on discussions made when conducting the measurement of the component, the most 

important section of the device is the area where the 6.5 GHz dielectric resonator sits, i.e., 

the resonator cavity. While the remaining 4 cavities are also of importance, the geometric 

dimensions and tolerances, along with the surface properties of the resonator cavity, are 

crucial for the deviceôs functionality.  
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Moreover, the quality of the joining technique between the 6.5 GHz dielectric resonator and 

the glass positioning bar must be considered. Given that the glass bar is glued onto the 

resonator made of amorphous Zr-Sn-Ti-Oxide, a joining material that doesnôt affect the 

performance of the dielectric resonator is required. This performance of the resonator can be 

tuned using a brass screw that is threaded through the aluminium body. The device can be 

used at different temperatures and humidity ranges, as itôs used in maritime radar, and the 

joining material, along with the components themselves, can expand and contract, thus 

altering the positioning of each component and thus the functionality of the entire device.   

In addition, the size of the threaded holes is another area that needs to be controlled carefully, 

particularly those that relate to the resonator cavity. Keeping in mind that the adjacent 

connectors and components on three sides of the repeater are standardized, their respective 

mounting holes are required to be manufactured with respect to those standards. If any 

deviations or inaccuracies are present in the mounting holes, the functionality of the entire 

device will be altered, likely requiring the remanufacturing of the component.   

The addition of a 3D model using SolidWorks is to be made as well. This will allow for the 

verification of dimensions and provide clearer views of where the tolerances are to be more 

stringent, thus providing a more practical interpretation of what is required. While 

conducting the measurements of the device will be difficult, when discussing the distances 

between the threaded and cut holes, they are crucial to ensure the produced model is accurate.   
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As a result, the research will be divided into three main sections of the production cycle: 

before production, during production, and after production. This will allow for the following 

areas to be considered and reviewed:   

¶ Measuring, dimensioning and tolerancing of the device and how to understand them 

¶ Material selection of metal workpieces   

¶ Joining methods and joining materials for ceramics  

¶ Surface coating applications 

¶ Potential cutting methods for brittle ceramics 

¶ Quality assurance techniques to test thread quality, geometric and dimensional 

tolerances, surface quality, and tool wear.  

¶ Ways of measuring tool wear 

The literature review will consist of peer-reviewed journals found on scientific databases, 

textbooks and commercial sites, combining this information with details observed during the 

expert interview where discussions about understanding how the component works, 

alongside selecting the manufacturing material of each workpiece, will mainly take place. 

Additionally, I want to try and get in contact with equipment manufacturers such as Furuno, 

B&G, Raymarine and Garmin that produce radar systems for marine use, discussing with 

them the importance of the component, its manufacturing method, and their quality 

verification methods if possible. Alongside this, reviewing the previous yearôs bachelor 

paper where a DFMA analysis and manufacturing plan were discussed will be beneficial.   

1.3.1  Research questions  

The main research question used in this research is as follows:  

To what extent do quality assurance techniques such as 3D modelling, dimensional and 

geometric tolerancing, material selection and joining methods ensure the reliability and 

performance functionality of microwave receivers used in maritime radar systems? 
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To help answer the prior research question stated along with the research problem discussed 

in section 1.2, the following sub-research questions have been created to help guide the 

research findings: 

¶ What are the most crucial areas of the component that ensure itôs working properly?  

¶ What equipment and measurement tools are required to ensure the microwave 

receiver's dimensional and geometric tolerances?  

¶ How do irregularities and inconsistencies in the component's geometric and 

dimensional tolerances affect its performance?  

¶ Which cavities are crucial to ensure that the component is operating at optimal 

performance?  

¶ How can tools such as SolidWorks help ensure the quality of the receiver's parts?  

1.4  Research methods 

Various research methods were used when trying to gather information on the topic. Ranging 

from a literature review to an expert interview and potential discussions with well-known 

companies and professors. In addition, measurements of the device were made in person, 

followed by the creation of a 3D CAD model using the SolidWorks software. 

1.5  Expected contribution  

This research is intended to provide insights into ensuring the quality of the microwave 

receiver metal housing. Aspects regarding dimensional and geometrical tolerances that are 

crucial for the performance of the device, particularly for the resonator cavity, will be 

discussed, along with factors such as the use of surface coatings, joining methods used 

between the glass positioning bar and 6.5 GHz dielectric resonator, quality of threaded holes, 

among others to be investigated. By using the aforementioned research goal and research 

questions, along with the applied triangulation and 3D models made using SolidWorks, 

valuable observations can be made for future reference and thus contribute to LUT 

Universityôs broader research in the realm of microwave and radio frequency devices. 
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2  Methodology 

Different research methods have been used to gather information on the application and 

manufacture of microwave receivers used in maritime applications. This section of this 

research will discuss the application of the selected triangulation method, build up to the 

expert interview, and explain how the reliability analysis of references used is to be carried 

out. 

2.1  Applied triangulation 

 

Figure 2: Applied triangulation 
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Rather than comparing each of the research methods mentioned in Figure 2 above, each 

section will be collectively combined to discuss the overall findings of the research 

conducted. Discussing with an expert in the field of radio frequency and microwave 

engineering will allow for a better understanding of how the device functions and its critical 

design areas that need to be carefully monitored. Moreover, contacting current maritime 

radar manufacturers will  allow for a better understanding of the materials and manufacturing 

processes currently being used in the industry.  

Accompanying this with a thorough literature review will allow for careful information 

comparison and combination and understanding of why certain materials, manufacturing 

methods and techniques are used.  

Subsequently, measuring the physical device will allow for the creation of an accurate 3D 

model using SolidWorks, followed by technical drawings clearly stating the critical 

dimensional tolerances and required geometric tolerances to be obeyed during the 

manufacturing process.  

2.1.1  Arrangements for expert interview  

To aid with the understanding of the component, its working environment, key features, 

among other details, an expert interview was arranged by the university. Each student had 

to prepare one question that would be presented to the expert. As the meeting proceeded, 

each student was tasked with taking notes of the answers to not only their own questions but 

also those proposed by the rest of the members present in the meeting using pen and paper.  

After the initial question was asked of the expert, students had the opportunity to propose 

another question during the live meeting. If students wanted to receive more clarifications, 

an email was allowed to be sent to the meeting organizer, who would then forward our 

questions to the expert.  

Once the interview was completed, students were tasked with reviewing the notes they had 

taken down and presenting their key findings in a presentation, discussing the results for 

their specific question along with the notes written from that of the others.  
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With more than 35 years of research and experience working with these components, the 

interviewee is a highly respected professor in the field of microwave and radio frequency 

engineering. The findings from this interview will be used to better understand our 

componentôs critical design areas, its critical features, general materials used, critical 

tolerances, among other details. 

The following question was presented to the expert during the interview process. 

¶ How does the construction and design of the device ensure signal integrity and reduce 

electromagnetic interference, particularly in terms of the resonator cavity and its two 

positioning bars?  

After the interview had taken place, further clarifications were asked about notes taken 

during the meeting, in addition to the following questions being forwarded to the expert: 

¶ Is there a potential film between the body and the cover? Or just metal-on-metal 

contact? 

A flowchart presentation of the expert interview can be found in Figure 3 below. 

 

Figure 3: Flowchart for conducting expert interview 
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2.1.2  Literature search and review 

One of the main areas of investigation for this research will be taken from the literature 

review. This will consist of reading through existing literature on scientific databases and 

commercial websites, noting down relevant information and comparing it with the 

information gathered from not only the expert interview but also other literature sources.   

A generalised idea of the literature research method can be found in Figure 4. 

 

Figure 4: Flowchart for conducting literature research 
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This research method will allow me to gather information on how microwave components 

function, material selection for the main housing and lid, joining methods to be used between 

the 6.5 GHz dielectric resonator and glass positioning bar, and quality assurance techniques 

that can be applied. Using this comprehensive research structure will aid in gathering a better 

understanding of the overall device and completing the main objective of assuring quality.  

Moreover, each reference used will undergo a reliability analysis to ensure the quality of the 

sources used has been discussed in section 2.2. In addition, a Table discussing how each 

source was used to answer the research questions created during the making of this 

investigation. This table can be located under Appendix 1. 

2.1.3  Utilization of stepwise quality assurance procedure and SolidWorks 

illustrations  

SolidWorks has been used as a tool alongside the research being conducted. As a well-known 

3D modelling software, it allows for a 3D model and drawings of the microwave receiver to 

be made based on real-world measurements taken during the component inspection day. This 

will allow for reduced errors during the entire manufacturing process while also calling for 

comparisons with the manufactured device when discussing the geometrical tolerance 

requirements. This has been summarized in Figure 5. 
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Figure 5: Flowchart for conducting device measurement and SolidWorks Model 

2.2  Means to carry out reliability analysis  

The reliability aspect of each research method described in Section 2.1 can be found in Table 

1. The table is aimed at justifying how to ensure the reliability of each research method used 

in this research. 
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Table 1: Reliability analysis for research methods 

Research method Reliability  Analysis 

Literature review The theory used within this research will be taken from scientific 

journals that have been peer-reviewed and journals that meet LUT 

Universityôs standards. These journals and papers can be found 

using LUT Primo, LUT Universityôs academic library database, as 

well as scientific databases such as Scopus, IEEE, ProQuest, and 

Science Direct, among others. A selection process will take place 

where the paperôs Global Rating Scores (GRS), Source Normalized 

Impact per Paper (SNIP), SCImago Journal Rank (SJR) and site 

value are all considered. Commercial sources presented should have 

their publication dates and authors clearly stated.  

Expert Interview The expert is selected by LUT University, and their background is 

discussed with us before the interview. Before the interview is 

conducted, questions are prepared based on their background in 

microwave and radio frequency engineering and presented to the 

supervisor for approval. From there, notes are taken, and a chance 

to propose further questions is available.  

SolidWorks 

observations and 

device measuring 

Tools such as a vernier calliper are used to measure the physical 

device, where its measurements are noted down. From there, a 3D 

model using SolidWorks is made to present the findings and create 

technical drawings.  

 

Table 2 was created to inspect each research method and applied triangulation thoroughly, 

aiming at ensuring each reference used provided accurate and valid information with little 

bias involved.  
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Table 2: Assessment Table for Reliability Analysis of Research Methods 

Research 

Method 

Expert 

Interview 

Literature 

review 

SolidWorks 

model and 

technical 

drawings 

Triangulation 

itself 

Validity      

Reliability      

Sensitivity     

Mathematical 

error analysis 

N/a N/a N/a N/a 

Accuracy     

Saturation     

 

A brief explanation of how the first column in Table 2 works can be found below. 

¶ Validity Ÿ How accurate was the research method in question. 

¶ Reliability Ÿ How consistent was the information provided by each research 

method. 

¶ Sensitivity Ÿ How did small changes between research methods alter the 

information collected. 

¶ Mathematical error analysis Ÿ N/a 

¶ Accuracy Ÿ How reliable each research method was at providing accurate 

information. 

¶ Saturation Ÿ How extensive was the research method used. 
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3  Results 

This chapter focuses on the results found throughout the entire research paper, where the 

collected information is divided into four key sections: Expert Interview, Manufacture 

Interview, Measurement Results, and finally, the Literature Review. It should be noted that 

in this chapter, no analysis or discussion will be taking place, only the presentation of the 

research conducted. The analysis and discussion part of this research paper will be in the 

following chapter. 

3.1  Expert Interview 

The organized expert interview took place on the 10th of February at LUT University. LUT 

University personnel set up a Microsoft Teams meeting, where the expert, a respected 

professor with more than 30 years of experience in the field of radio frequency and 

microwave technologies, joined us remotely. 

3.1.1  Material Selection 

Upon initial discussions with the respected professor, two main material takeaways were 

noted. It was determined that the metal cover of the microwave receiver is made from brass 

alloy and its metal base from an aluminium alloy. The professor made sure to clarify that 

while the alloy for the base component can be found through a literature review, the brass 

alloy used is manufacture-dependent, meaning that it likely varies from manufacturer to 

manufacturer.   

3.1.2  Key parts of component  

Further discussions with the professor revealed that the most important area of the 

component is where the dielectric resonator cavity is located. This can be found in Figure 6, 

circled in orange. 
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Figure 6: Base component 

Moreover, it was stated that signal interference is reduced using a tight seal between the base 

metal and the cover metal, where a set of 12 M3 x 10 are used to fasten the two parts together, 

thus creating an electromagnetically tight seal. During our discussion, a miscommunication 

in the original documents of the component was realized and then clarified between my 

supervisor and the respected professor.  

 

Figure 7: Dielectric resonator disk and glass cylinder 
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The device contains a 6.5 GHz dielectric resonator disc made of amorphous Zr-Sn-Ti oxide, 

as stated previously. Initially, it was understood that this disc required two positioning bars, 

one made of aluminium and the other of glass. However, after ongoing discussions between 

my supervisor and the respected professor, it was deduced that the disc is glued to a glass 

cylinder. The glass cylinder is of standardized diameter; however, before joining the two 

pieces together, this glass cylinder is measured and cut to size to ensure it fits in the slot 

circled in blue in Figure 6.  

While the professor reiterated that the electric components that are placed in the component 

are taken care of by radio and electrical engineers, he did mention that these two pieces are 

crucial in ensuring that the overall device works correctly. As a result, once the two pieces 

have been joined, two brass tuning screws create ñcapacitance whereby the resonance 

frequency of the dielectric disc can be slightly tunedò (Pekka Eskelinen, 2025). Based on the 

discussions conducted with the expert, the dielectric resonator and glass cylinder are to be 

joined as shown in Figure 8. 

 

Figure 8: Connecting dielectric resonator disk and glass cylinder 

To better understand the tolerance stated above, a 2D representation of the Figure 8 is shown 

below. 
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Figure 9: 2D representation of tolerance 

The surface highlighted in yellow must be at a 90-degree angle from the surface in red. This 

means that it must be within 0.01 mm of each reference plane. 

3.2  Manufacture Interview 

An attempt was made to discuss with the aforementioned manufacturers details such as 

manufacturing methods, material selection, functionality of the device, protection against its 

working environment, critical areas, and quality assurance methods used.  

Unfortunately, most of these details are sensitive information. As a result, these 

manufacturers were not able to provide answers to the proposed questions. That being said, 

they did inform me that the more general information that relates to the proposed questions 

can be found on their website. 

3.3  Measurement results 

During the early supervisor meetings, photos of the microwave receiver were taken. 

Measurements of the device were taken using a vernier calliper and then noted around these 

pictures. These measurements were used to produce a 3D SolidWorks model.   
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3.3.1  SolidWorks model 

The 3D SolidWorks model can be found in the figures below. 

 

Figure 10: Assembled SolidWorks model ï Exploded view 
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Figure 11: Brass alloy cover SolidWorks CAD model 

 

Figure 12: Aluminium alloy 6061 base part SolidWorks CAD model view 1 

 

Figure 13: Aluminium alloy 6061 base part SolidWorks CAD model view 2 
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3.3.2  SolidWorks drawings 

The technical drawings of the device can be found in Appendix 2. These technical drawings 

provide critical information regarding the deviceôs dimensional and geometric tolerances, 

along with the location where surface coatings could be applied. Upon close inspection, ISO 

Standard 2768-fk, from the International Organization for Standardization, was used to 

define the dimensional and geometric tolerances of the device that arenôt explicitly 

mentioned in the drawings themselves. The ñfò in ñfKò refers to the ñfine tolerancesò class 

found in the ISO 2768-1 standard that describes the linear and angular dimensions of the 

device (Engineering Department, 2022). In addition, the ñKò in ñfKò can be found under the 

ISO 2768-2 standard, which describes the geometric tolerance of the deviceôs features, such 

as flatness and straightness (Engineering Department, 2022). These tolerance standards are 

vital in ensuring dimensional and geometric consistency when reproducing the microwave 

receiver. As a result, unless stated in the technical drawings, all other geometric and 

dimensional tolerances are to follow ISO 2768 fK standard found in Appendix 4. 

3.3.3  Geometric Tolerances applied 

In total, four different geometric tolerances were applied during the making of the technical 

drawings. These four were flatness, perpendicularity, concentricity, and parallelism. Flatness 

specifies how much flat the surface being described is. Perpendicularity refers to which 

surfaces need to be at a 90-degree angle from a respective datum surface. Concentricity 

describes which holes need to be along the same datum axis. Lastly, the parallelism tolerance 

refers to which surfaces need to be parallel to the datum surface. These tolerances can be 

found in the technical drawings in Appendix 2. A brief representation of the most important 

tolerances can be found below. 
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Figure 14: Flatness tolerance #1 

 

Figure 15: Flatness tolerance in 2D 
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For the tolerance to be correctly applied, the reference surface (green line) must be within 

0.01 mm of the two reference planes in Figure 15. This applies to every tolerance shown 

below. 

 

Figure 16: Perpendicularity tolerance #1 

 

Figure 17: Perpendicularity tolerance #1 in 2D 
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In order for the tolerance to be applied in the correct manner, the reference surface in purple 

in Figure 17 must be within 0.01 mm of each reference plane. These reference planes are at 

a 90-degree angle from datum E. 

 

Figure 18: Parallelism tolerance #1 view 1 

 

Figure 19: Parallelism tolerance #1 view 2 
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Figure 20: Parallelism tolerance #1 in 2D view 1 

 

Figure 21: Parallelism tolerance #1 in 2D view 2 

Each reference plane shown in Figures 20 and 21 is parallel to the datum surface in green in 

Figure 18. Each surface highlighted must be within 0.01 mm of these reference axes.  

 

Figure 22: Concentricity tolerance view 1 
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Figure 23: concentricity tolerance view 2 

 

Figure 24: concentricity tolerance in 2D 
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To ensure the tolerance is applied correctly, the radius of each hole highlighted in Figure 22 

to Figure 24 must be within 0.01 mm of the datum axis highlighted in yellow in Figures 23 

and 23. 

The remainder of geometric tolerances applied can be found in Appendix 3. 

3.4  Literature review 

Using the systematic approach described in Chapter 2 of this research paper, a wide-range 

literature review was conducted focusing on the material selection, joining methods, and 

quality assurance techniques, deciphering material that can be applied to the microwave 

receiver.  

3.4.1  Material Selection 

Based on the literature review conducted, a variety of metals are commonly used for 

microwave receivers. According to the information noted down during the expert interview, 

aluminium (for the main housing) and brass (for the lid) were identified as the two materials 

used to manufacture the device. Both aluminium and brass are commonly used for electrical 

components because of their good electrical conductivity, machinability and ductility, tensile 

strength and stability, stress relaxation, wear resistance and manufacturing costs (Eskelinen 

and Eskelinen, 2003). Moreover, brass is known to have decent atmospheric resistance, 

alongside good thermal and electrical conductivity, making it widely used in microwave 

components (Huber+Suhner, 2007). Cu-Zn brass alloys are commonly used for industrial 

applications because of their ñhigh corrosion resistance, low friction coefficient, non-

magnetism, good plastic deformability (forgeability) and machinabilityò (Stavroulakis et al., 

2022). That being said, the exact chemical composition of these brass alloys is manufacture-

dependent, meaning that each alloy may vary slightly. 
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When discussing the material for the main metal casing of the microwave receiver, alloys 

such as 5000 and 6000 series aluminium are commonly used. Aluminium 5xxx, composed 

of an aluminium-magnesium alloy, is mainly used for structural reinforcements (Lara, Bruck 

and Fillafer, 2020) as well as boat hull construction and frames in marine applications, as it 

does not require ñpainting or other coatings to protect against corrosionò (Sanders and 

Marshall, 2023). Aluminium alloy 6061, an aluminium-magnesium-silicon base alloy 

(Verma and Kumar Lila, 2021), is one of the more widely used aluminium grades used 

because of its ñgood corrosion resistance, good weldability, and high strength, which is 

widely used in aircraft, high-speed train, and automobile structuresò (Fan et al., 2021). 

As mentioned previously, a DFMA analysis was conducted in the previous yearôs research 

paper. Two materials were investigated: stainless steel and titanium alloys. Both materials 

were found to have good corrosion resistance, good strength characteristics and temperature 

resistance, all while being very durable (Sun, 2024). It was found that titanium alloy Ti31 

was the appropriate material for the microwave receiver to be manufactured out of. The main 

reasons behind this find were due to titaniumôs low density, high strength, good corrosion 

resistance and non-magnetic properties giving excellent performance capabilities despite the 

higher production costs (Sun, 2024).  

3.4.2  Material Coating 

There are different advantages to using coatings on the surface of the microwave receiver. 

In short, they give the workpiece an enhanced aesthetic appeal and finish that is pleasing to 

the eye but also the overall performance of the workpiece. They improve the materialôs 

characteristics, such as improved wear resistance, increased hardness, improved corrosion 

resistance and better protection against the environmental surroundings (Eskelinen and 

Eskelinen, 2003).  
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The table below displays different material coatings that can be applied to improve the 

characteristics of the aluminium surface. 

 

Table 3: Coating methods comparison 

Type of coating 

methods 

Materials that can 

be used 

Coating material Advantages 

Electroless plating Ferrous and 

nonferrous metals, 

plastics, ceramics 

Nickel chloride, 

nickel sulphate, 

gold, silver  

Improves corrosion 

resistance and 

wear. 

(Eskelinen and 

Eskelinen, 2003; 

Kalpakjian, Schmid 

and Musa, 2010; 

Swift and Booker, 

2013a) 

Vapour deposition Metals, plastics, 

ceramics and glass 

Aluminium, nickel, 

copper and 

zirconium 

Improves hardness 

and wear 

resistance, reduces 

friction. 

(Eskelinen and 

Eskelinen, 2003; 

Kalpakjian, Schmid 

and Musa, 2010; 

Swift and Booker, 

2013a) 

Electroplating  Ferrous and 

nonferrous metals, 

plastics, ceramics 

Gold, pure silver Reduces oxidation 

rate 

(Eskelinen and 

Eskelinen, 2003; 

Kalpakjian, Schmid 

and Musa, 2010; 

Swift and Booker, 

2013a) 

 

The use of each method and subsequent coating material is dependent on a variety of factors, 

such as the environment the device will be used in, its functionality, and base material 

compatibility. Table 4 displays some common coating materials, along with their advantages 

and disadvantages and common applications. 
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Table 4: Coating material comparison 

Coating 

material 

Advantages Disadvantages Common 

applications 

Silver Most conductive metal 

coating materials. 

Can undergo oxidation 

prevention. 

Can be pure or alloyed 

depending on 

requirements. 

Nickel can be used as an 

underplating material 

avoiding diffusion. 

(Eskelinen and Eskelinen, 

2003; Swift and Booker, 

2013a) 

Readily forms a 

sulphide or oxide 

layer if  the coating 

surface is exposed 

to ozone, hydrogen 

sulphide or sulphur 

(Eskelinen and 

Eskelinen, 2003; 

Swift and Booker, 

2013a). 

Microwave 

components, 

connectors, etc. 

Gold Good heat and electricity 

conductor. 

Good machinability 

Electrical signal 

transmission is excellent. 

(Eskelinen and Eskelinen, 

2003) 

Wear properties are 

poor (Eskelinen 

and Eskelinen, 

2003). 

Circuit boards, 

connectors, thin 

film circuits, etc. 

Tin-lead Solderability of 

components is enhanced.  

Improves corrosion 

resistance if applied onto 

copper. 

(Eskelinen and Eskelinen, 

2003) 

 Connectors 
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While other coating materials, such as tin-copper and nickel, among others, are also 

commonly used, various companies are continuously testing and bringing to market new 

material variations and products. For example, Swiss-based SUHNER has developed coating 

materials such as SUCOPLATE®. Not only does it resist oxidation, but it also provides good 

electrical conductivity and corrosion resistance, as well as a strong and non-abrasive finish 

to the workpiece it's applied on (Eskelinen and Eskelinen, 2003). 

3.4.3  Joining Methods  

There are different ways to go about joining two workpieces together. Below is a list of the 

common joining methods and the materials used. 

¶ Welding Ÿ commonly used for joining metals and plastics 

¶ Brazing and soldering Ÿ commonly used to join metallic electrical components  

¶ Mechanical fasteners Ÿ commonly used to temporarily join (or fasten together) 

metals or plastics using screws, bolts, nails, washers, etc. 

¶ Adhesive bonding Ÿ works on a variety of materials  

The joining method that is used varies depending on the required application. Necessary 

loads and stresses must be considered, as well as the shelf life of the components being 

joined. For example, brazing can be used between ceramics and metals but isnôt suited to 

join glass and other ceramic materials together. The brittleness, low shear and tensile 

strength that are apparent with ceramic and glass materials make it difficult to use certain 

joining methods. These joining methods ñrange from mechanical attachment to direct 

bonding methods such as brazing or adhesive bondingò (Ebnesajjad, 2011). 

Physical mechanical attachments require more space compared to adhesives or brazing 

models. Adhesives allow for similar and dissimilar materials to be joined together by 

applying natural or synthetic substances that, once cured, create a bond between the two 

workpieces (Swift and Booker, 2013b). These adhesives can come in a variety of forms, 

such as liquids, gels, pastes, and films, among others, each having its own advantages and 

disadvantages when being used. 
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3.4.4  Joining Materials 

Adhesive materials have been around since the early 1920s, with monumental strides being 

made over the years. Some of the main types of adhesive materials that are found in todayôs 

market are listed below: 

1. Thermosetting adhesives (epoxy, phenolic, phenoxy, polyimide, etc.) 

2. Thermoplastic adhesives (nylon, polystyrene, polysulphide, polyvinyl, etc.) 

3. Structural adhesives (acrylics, cyanoacrylate, epoxy, polyester, polysulfides, etc.) 

4. Elastomeric adhesives (neoprene, butyl rubber, nitrile, polyisobutylene, etc.) 

5. Pressure-sensitive adhesives (film, tape, etc.) 

6. Natural and water-based adhesives (animal, vegetable and mineral-based adhesives) 

7. Resin-based adhesives (two-polymer adhesive, polyaromatics, polybenzimidazole, 

etc.) 

Specific adhesive materials may fit a variety of categories listed above; however, the 

material of the two pieces being joined must be considered. The dielectric resonator is a 

ceramic material that will be joined to a cylindrical glass tube. The brittleness and low shear 

and tensile strength that are apparent with ceramic materials make it difficult to use certain 

adhesive materials such as water-based and pressure-sensitive adhesives. Moreover, 

depending on whether the ceramic component is being joined to a similar or dissimilar 

material will determine the joining material (Ebnesajjad, 2011).  

Epoxy or cyanoacrylate provides uniform stress distributions and fatigue resistance at the 

joining location; however, the bond can be easily broken if  a load is applied, while providing 

poor electrical and thermal conduction (Ebnesajjad, 2011). Within this spectrum, the ñmost 

common thermosetting polymers that are being used are epoxy, cross-linked polyurethanes, 

unsaturated polyester, and phenol formaldehydeò (Nee, 2015). There are two main types of 

epoxy resins being used: either a two-part resin and one-part hardener or a single-part resin 

cured using heat (Swift and Booker, 2013b). Toughened adhesives also exist using either 

acrylic-based or epoxy-based solutions that once cured, can withstand high loads and have 

good shock absorption (Swift and Booker, 2013b).  
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3.4.5  Cutting methods of glass cylinder 

As discussed previously, in section 3.1.2, a glass cylinder is a key component in the 

functionality of the microwave receiver. While its contribution is purely mechanical, it is 

essential in the tuning process of the 6.5 GHz dielectric resonator. As covered previously, 

the glass cylinder is first cut to size, then its diameter is trimmed accordingly. There are 

different ways to go about cutting the cylinder to size, ranging from mechanical cutting, laser 

cutting and water jet cutting also known as hydro-jet cutting. This has been summarized in 

Table 5. 

Table 5: Cutting methods for ceramic materials 

Cutting method Cutting process Advantages Disadvantages 

Mechanical roller 

cutting 

A groove is 

initially made 

(known as a 

scratch), thus 

creating a cutting 

line. From there, 

the workpiece is 

bent along the 

cutting line 

(Bazenov et al., 

2022; Smirnov, 

Spiridonov and 

Karapetyan, 2011).    

Inexpensive, easy to 

operate, low 

operating costs, large 

pieces can be cut 

(Bazenov et al., 

2022; Smirnov, 

Spiridonov and 

Karapetyan, 2011). 

Cut quality isnôt 

the best and 

requires a cutting 

fluid; ceramic 

material can be 

damaged (Bazenov 

et al., 2022; 

Smirnov, 

Spiridonov and 

Karapetyan, 2011).  

Laser cutting Heat produced by a 

laser is localized 

on ceramic 

material. Once cut, 

the ceramic 

material is rapidly 

cooled 

(Kondratenko et 

High cutting speeds 

and high precision 

cuts can be done 

(Kondratenko et al., 

2020; Smirnov, 

Spiridonov and 

Karapetyan, 2011).  

Not the best to cut 

curved surfaces; 

slower cutting 

speeds are required 

if a circular laser 

beam is used; 

cutting temperature 

may be 
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al., 2020; Smirnov, 

Spiridonov and 

Karapetyan, 2011).  

inconsistent 

(Kondratenko et 

al., 2020; Smirnov, 

Spiridonov and 

Karapetyan, 2011). 

Water-jet cutting Uses high-

pressured water 

mixed with 

abrasive particles. 

Operates in a 

similar manner to 

laser cutting, where 

a jet nozzle is 

moved to cut the 

ceramic material 

(Bazenov et al., 

2022; Smirnov, 

Spiridonov and 

Karapetyan, 2011). 

Able to cut complex 

shapes, high-quality 

cuts are possible, 

and no friction is 

produced (Bazenov 

et al., 2022; 

Smirnov, Spiridonov 

and Karapetyan, 

2011). 

Operating costs are 

expensive, cutting 

speeds are slow, 

and extra costs and 

equipment are 

required to recycle 

cutting fluid 

(Bazenov et al., 

2022; Smirnov, 

Spiridonov and 

Karapetyan, 2011).  

   

3.4.6  Quality assurance techniques 

There are a variety of quality assurance techniques that can be employed before, during, and 

after manufacturing processes. These testing methods are broken down into two main areas: 

contact and non-contact methods. This trickles down into different areas depending on the 

desired outcome. To keep the information found within the scope of this research paper, the 

quality assurance techniques will be focused on assessing the surface quality, geometric and 

dimensional accuracy, and thread quality of each workpiece. In addition, details about 

assessing the tool wear will be discussed. 
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Given the research paper focuses on ensuring the quality of the metallic enclosure, its cover, 

and the overall functionality of the microwave receiver, it should be reiterated that its 

electrical components and their testing are not considered as they are controlled by electrical 

and radio engineers as mentioned previously.  

3.4.6.1  Measuring of surface roughness and finish quality 

The most common technique used in assessing the surface quality of a workpiece is by using 

a profilometer, such as the one shown in Figure 25, where a diamond-shaped stylus with a 

built-in electronic amplifier is moved across the workpieceôs surface at a constant velocity. 

As it moves along the profile of the workpiece, it measures the higher variation of the 

surface. For this method to provide an accurate reading, it must travel a long enough distance 

to make at least 10-15 readings (Eskelinen and Eskelinen, 2003; Kalpakjian, Schmid and 

Musa, 2010). Moreover, the accuracy of the profilometer is dependent on the radii of its 

diamond tip (Lee, Yu and Juan, 2004). It should be taken into account that if the machined 

piece has a surface roughness below 2.5 micrometres, large system errors may occur during 

the instrumentôs reading (Lee, Yu and Juan, 2004). While this method is widely used in the 

manufacturing industry, it can leave scratches on the machined piece and hinder the overall 

accuracy of the reading. 

 

Figure 25: REM stylus profilometer (Mark Michaud) 
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Another contact technique used to measure the surface quality of a workpiece is the atomic 

force microscopy (AFM) method, as shown in Figure 26. In this technique, a sharp tip with 

a radius of about 20 to 50 nanometres can be found on the end of a lever. Using very small 

loads, in the order of 1 nN, the leverôs tip is moved along the surface of the workpiece, 

similarly to the profilometer method. As the tip moves, the force applied is kept constant 

using a control feedback system while taking into account the variation in height (Poon and 

Bhushan, 1995). This method allows for force readings if desired.  

 

Figure 26: Bruker Dimension XR AFM (Bruker) 

Recent developments in optical and laser technologies in the manufacturing industry have 

allowed for new non-contact testing methods to arise. Techniques that utilize non-optical 

methods such as scanning tunnelling microscopy (STM) or optical methods such as two-

beam optical interferometry and machine vision (Patel and Kiran, 2020). In STM, a metal 

tip is kept at 0.2 nanometres above the workpieceôs surface. Voltage is supplied between the 

metal tip and the metal workpiece, from which tunnelling current flows between them. 

Keeping the metal tip at a constant distance from the workpiece, it is moved along the surface 

of the metal piece.  

  



39 

 

 

The variation in distance from the workpiece to the metal tip is shown by a change in 

tunnelling current which corresponds to a variation in height, meaning that a higher current 

is a result of a closer distance between the two pieces, and vice versa. As the test is 

conducted, the computer creates a corresponding topographic structure of the workpieceôs 

surface (Poon and Bhushan, 1995). In a similar fashion to that of STM, optical interferometry 

utili zes a series of algorithms and image processing to create a 3D image of the surface 

roughness of the workpiece.  

While these methods provide high accuracy and better efficiency as compared to contact 

methods, they tend to be expensive to implement, have a limited range, and require the metal 

specimen to be small enough that it fits inside the microscope viewing area (X. Xu and H. 

Hu, 2009).  

3.4.6.2  Measuring of geometric and dimensional accuracy 

As mentioned previously in section 3.3, the use of tools such as a vernier calliper, as shown 

in Figure 27, is a quick and easy way of checking the dimensions of the workpiece, including 

the glass cylinder. Despite not being available at the time the measurements were conducted, 

micrometres, as shown in Figure 28, can be used to measure the thickness of the microwave 

receiverôs dimensions (Kalpakjian, Schmid and Musa, 2010), while gauges can be used to 

check for geometric tolerances such as flatness and straightness (Kalpakjian, Schmid and 

Musa, 2010). 

 

Figure 27: Würth digital vernier calliper (Würth, a) 
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Figure 28: Würth digital micrometre (Würth, b) 

More sophisticated methods are available that involve creating a 3D coordinate system of 

each axis using technologies such as a coordinate measuring machine (CMM), where a probe 

is used to measure the workpiece point by point, allowing for accurate measurements and 

better reproducibility (Lazareviĺ et al., 2019), as shown in Figure 29. In similar ways, the 

use of 3D scanning equipment can also be used and compared with the original CAD model 

that was designed.  

 

Figure 29: Mitutoyo LEGEX574 CNC CMM (Mitutoyo) 
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3.4.6.3  Measuring of thread accuracy 

Similarly to the details discussed in the prior section, certain techniques can be applied to 

assess the quality of the threaded holes, such as the CMM method. Eddy currents can be 

used to examine any surface defects that are present within the threaded hole section. This 

allows for cracks to be identified and any discontinuities to be shown (Kalpakjian, Schmid 

and Musa, 2010; Knopp, Aldrin and Misra, 2006). Moreover, tools such as a thread gauge, 

shown in Figure 30, can be used to check the thread quality once each workpiece has been 

machined (Kalpakjian et al., 2010).  

 

Figure 30: Würth Orion thread pitch gauge (Würth, c) 

3.4.6.4  Measuring of tool wear 

Given the workpiece is likely to be milled followed by drilling and tapping, the forces 

applied can easily wear out the machine tools used in the entire process and produce defects 

on the machined pieces as discussed in the previous yearôs paper (Sun, 2024). For example, 

excessive cutting forces may create physical distortions such as warping to the workpiece. 

If this were to occur in critical areas such as the resonator cavity, air gaps produced may 

cause performance defects of the dielectric resonator and microwave receiver as a whole (H. 

Eskelinen, P. Eskelinen and K. Tiihonen, 2000).  
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There are two main types of wear experienced by CNC machines: flank wear (Figure 31) 

and crater wear (Figure 32) (Thakre, Lad and Mala, 2019). To monitor whether the cutting 

tool is experiencing excessive wear, its rated life cycle provided by the manufacturer should 

be followed and measured. This can be done in two ways: through direct measurement or 

indirect measurement. As the name suggests, direct measurement refers to the process of 

measuring the cutting toolôs wear using handheld tools or optical interferometry devices 

much like the ones discussed in section 3.4.6.1. Indirect methods are a little more complex, 

requiring machines to come with built-in monitoring devices or retrofitted with one, allowing 

for correlations and analysis to be made using mathematical algorithms and functions (Cerce, 

Pusavec and Kopac, 2015; Huang et al., 2021). 

 

Figure 31: Flank wear (Sayit, Aslantas and 

Çiçek, 2009) 

 

Figure 32: Crater wear (Sayit, Aslantas and 

Çiçek, 2009) 
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3.4.7  Use of cutting fluids and lubricants 

Cooling agents provide many benefits to machined pieces. Not only do they improve the 

finish quality of the machined pieces, but they also reduce the wear of the milling. These 

fluids and lubricants provide a variety of benefits, such as reducing the friction and wear 

between the cutting tool and workpiece being machined. The lowered cutting forces and 

temperatures result in a workpiece with a better surface quality. Moreover, they help flush 

away any chips produced during the cutting procedure and protect the machined surface 

from environmental corrosion (Kalpakjian, Schmid and Musa, 2010). Lubrication methods 

such as minimum quantity lubrication (MQL) have gained popularity as they allow for less 

coolant material to be used, meaning less goes to waste.  

This system functions in a way where the amount of coolant required is adjusted based on 

the parameter of the material being machined (Rahmati, Sarhan and Sayuti, 2014). There are 

a variety of cooling agents that can be used, such as ñemulsifiable oils, synthetic and 

semisynthetic oils, and vegetable oilsò (de Carvalho et al., 2023).  

That being said, many lubricants bring with them different types of hazardous waste that 

damage the environment and pose danger to the user, hence why various environmental 

protection agencies have been regulating their use (Sayuti, Sarhan and Hamdi, 2013). This 

is why the development of bio-based lubricants and nanolubrication has gained great strides 

in recent years. Manufacturers have begun experimenting with cutting fluids such as silica 

dioxide, molybdenum disulphide, and carbon onions, as they allow for better machining 

properties for CNC machines, for example (Badiuzaman et al., 2018). Other nanolubrication 

methods and bio-based lubricants are continuously being developed. 
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4  Discussion 

In this chapter, the information collected and presented in the results section will be 

examined along with the methodologies applied throughout the research paper. This section 

will also discuss the reliability of the collected information, quality assurance techniques to 

be applied and potential queries for future research.  

4.1  Key findings and conclusions 

The key findings of this research can be separated into 3 subcategories: pre-manufacturing, 

during manufacturing, and post-manufacturing. Each subcategory will help better 

understand all information presented in Section 3. 

4.1.1  Pre-manufacturing  

Based on the research conducted, the two materials the microwave receiver is to be 

manufactured from are aluminium alloy 6061 used for its metal casing and a brass alloy for 

the metal plate cover. It should be noted that the brass alloy that is to be used will be 

dependent on the manufacturer, as each alloy varies in composition, as mentioned during the 

expert interview (Pekka Eskelinen, 2025). Nevertheless, both metals provide a good balance 

between having good machinability, strength, and wear resistance along with good 

conductivity characteristics, hence why they both have a large presence in the electronics 

industry (Eskelinen and Eskelinen, 2003; Huber+Suhner, 2007; Stavroulakis et al., 2022).  

As mentioned previously, the device from which the measurements and 3D model were 

based did not have any form of surface treatment or coating. However, it should be 

considered due to the various benefits. While coating the entire metal casing and cover plate 

arenôt required, applying a surface coating on the resonator cavity may come in handy. Both 

silver and gold are commonly used in the electronics industry (Eskelinen and Eskelinen, 

2003; Swift and Booker, 2013a).  
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Based on the research conducted, gold is said to provide good heat and electrical 

conductivity while providing good electrical signal transmission (Eskelinen and Eskelinen, 

2003); however, it may not be as cost-effective to use on a microwave receiver. Silver, on 

the other hand, may prove to be the better alternative, as it is the most conductive metal 

coating (Eskelinen and Eskelinen, 2003; Swift and Booker, 2013a), can be applied in pure 

or alloyed form depending on the requirements and user desires, and additives can be applied 

to prevent oxidation (Eskelinen and Eskelinen, 2003; Swift and Booker, 2013a), especially 

if it is to be used in maritime radar systems, one of its common disadvantages. Seeing that 

itôs commonly used in microwave components, applying a thin silver coating in the resonator 

cavity will improve the dielectric resonatorôs capabilities of receiving radio signals, knowing 

that the current running through the dielectric resonator also runs along the surface of the 

cavity itself.  

While this research didnôt focus on producing a DFMA analysis for the microwave receiver, 

the manufacturing method was investigated. The paper found that CNC milling would be 

the most efficient way of manufacturing the microwave receiver (Sun, 2024) . CNC milling 

using carbide tools is the recommended machining method for the microwave receiver. The 

billet of material from which each workpiece is to be machined out of can be found in the 

technical drawing under Appendix 2. Not only will CNC milling provide machined pieces 

with good quality finishes, but it will also make the manufacturing process of the device 

efficient, as it can also conduct the hole taping and drilling of the workpieces. Having made 

a 3D CAD model of the microwave receiver, the file can be exported and uploaded to the 

CNC milling software and checked for potential errors in the milling process using the 

inbuilt simulation program. It should be noted that the milling direction and other parameters 

were not investigated in this research. When setting up the billet of material on the CNCôs 

worktable, the user should ensure that the billets are perfectly flat on the worktable. Once 

this step is completed, the CNC machine should be calibrated, followed by fastening the 

billets in place. This step is vital in ensuring that the machined pieces are cut correctly 

because the flatness of the brass cover and the matting surface of the aluminium must be in 

line, as the device requires a perfect seal to prevent any signal interference once fastened 

together with the 12 M3 x 10 screws.  
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Given the small cavity enclosures, joining methods such as mechanical fasteners arenôt 

feasible. While there is small fastening equipment, the various cavities do not have enough 

room once the electrical components are placed inside of them. Moreover, brazing and 

soldering are not compatible with ceramic materials (Ebnesajjad, 2011), thus the logical 

choice to join the glass cylinder with the dielectric resonator. While the connection between 

the glass cylinder and 6.5 GHz dielectric resonator should not be electrically insulated, most 

adhesive bonding materials do so. Adhesives such as epoxy resin and cyanoacrylate work 

best for this application. Not only do they provide uniform stress distribution and fatigue 

resistance, but filler materials and additives can be added to the epoxy resin or cyanoacrylate, 

for example, to reduce its electrical insulation capabilities (Ebnesajjad, 2011; Swift and 

Booker, 2013b). When attaching the two workpieces together, a 90-degree angle should be 

made between the glass cylinderôs long edge and the dielectric resonatorôs circular face, 

keeping careful attention to not apply any vertical load on the bonding area, as it can easily 

break the bond and the glass cylinder. This should be checked with an L-square ruler or other 

90-degree tools. It should be considered the thickness of the epoxy resin applied, as this will 

affect the size of the glass cylinder, keeping in mind that it will be cut to size.  

As presented in section 3.4.7 of the results, cutting fluids can provide a valuable addition to 

each manufacturing process using methods such as MQL. By reducing the friction between 

the workpiece and cutting tools, a higher quality finish can be produced on the machined 

pieces and reduce the flank and crater wear commonly found on the tool bits used (Rahmati, 

Sarhan and Sayuti, 2014). The lowered cutting forces and temperature fluctuations also 

prevent the machined surfaces from being more susceptible to any warping or chips that 

went unflushed that may cause defections on the surface of the metal casing and lid 

(Kalpakjian, Schmid and Musa, 2010). For example, fluids such as silica dioxide and 

molybdenum disulphide reduce the wear of the tool bit but also lower the temperature 

fluctuations during the milling process (Badiuzaman et al., 2018). Another method that can 

be used to prevent deviations on the surface of the machined pieces has to do with testing 

how large a force can be applied on a test specimen of the same billet material before 

commencing the cutting procedure on the actual workpiece (Cerce, Pusavec and Kopac, 

2015; Huang et al., 2021). This can be further assured by using CNC machines with machine 

learning that take into account the wear of the tool bits and material being cut using an optical 

interferometry sensor (Patel and Kiran, 2020). 
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4.1.2  During manufacturing 

Once each billet of material has been machined and the surface coatings, if any, have been 

applied, the quality assurance techniques can be applied. The dimensions of each cavity can 

be checked using a vernier calliper. Its outer measuring faces are used to measure the wall 

thickness of each cavity, while its inner measuring faces are to be used to verify the 

dimensions of each cavity. From there, the vernier calliperôs depth measuring blade is to be 

used to verify the depth of each cavity and compare them with the produced technical 

drawings. The fillet radius applied to each cavity is dictated by the milling tool bit used, 

which in this case would be an 11.5 mm drill bit. A rough estimate can be found by 

measuring the drill bit size and dividing it in half to find the radius of the drill bit. A CMM 

machine can be used to further verify the dimensions of the machined pieces, as it allows for 

comparisons with the 3D model made using SolidWorks (Lazareviĺ et al., 2019).  

Moreover, the surfaces of each machined piece can be checked with a stylus profilometer, 

STM, or other optical interferometry machines depending on whether the machining 

working shop has them readily available, as they tend to be expensive and have limited range 

and viewing area (Lee, Yu and Juan, 2004; Patel and Kiran, 2020). The quality of the 

threaded holes and tapped holes can be checked using the CMM machine or with eddy 

currents as described in section 3.4.6.3 of the results chapter (Kalpakjian, Schmid and Musa, 

2010; Knopp, Aldrin and Misra, 2006). If either of the aforementioned measuring techniques 

isnôt available, simple thread gauges can be used to test the quality of each threaded hole. 

Nevertheless, the technical drawings and 3D model should be continuously referred to 

ensure the dimensional (ISO 2768-fK)  and geometric tolerances (flatness, perpendicularity, 

parallelism and concentricity) applied are followed.  
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Given the brittle nature of glass, the cutting method used is critical to prevent any cracks 

from ensuing. While mechanical roller cutting is a known and efficient method of cutting 

glass, given its size and circular nature, it is not recommended to be used (Bazenov et al., 

2022; Smirnov, Spiridonov and Karapetyan, 2011). Laser cutting can be used as an 

alternative, as it provides cuts with great precision but may run the risk of melting the small 

glass cylinder (Kondratenko et al., 2020; Smirnov, Spiridonov and Karapetyan, 2011). As a 

result, water-jet cutting provides the best of both worlds. Not only does it provide precise 

cuts, but also a good quality finish to the cut piece. It may also be more cost-effective 

compared to the other cutting methods (Bazenov et al., 2022; Smirnov, Spiridonov and 

Karapetyan, 2011).  

4.1.3  Post-manufacturing 

After each round of machining has been completed, quality assurance techniques discussed 

in the previous section should be conducted one more time, making sure each electrical 

component fits and can be securely fastened, thus allowing the microwave receiver to 

function correctly after being handed over to the electrical and radio engineers.  

If the device isnôt to be used straight away, the shelf life of the adhesive used should be noted 

down, as proper storage is required to prevent any fluctuations from occurring in the bonding 

area (Ebnesajjad, 2011). Moreover, by utilizing a proper storage facility, the metal pieces 

are less likely to endure corrosion problems due to oxidation exposure or other wear 

problems.  
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4.2  Comparison and connections with former research  

There was one main area that will be noticed when comparing this research work with that 

produced last year. While a DFMA analysis and manufacturing plan were made for this 

device, the material selected in that paper is not the same as what was decided in this paper. 

While titanium is an option for a microwave receiver, I believe, given my prior knowledge 

and research conducted through this investigation, it does not make sense to produce a small 

component such as a microwave receiver out of it, particularly if the device will not bear any 

high loads when in use. The performance benefits of using titanium do not out way the costs 

of using it for manufacture (Sun, 2024). Moreover, both papers agree that CNC milling is 

the course of action when describing the workpieceôs manufacturing methods (Sun, 2024).  

4.3  Reliability assessment of the results 

All triangulation methods applied throughout this research have now been completed. As 

mentioned previously, the interview with the manufacturers did not follow through because 

the information being requested was sensitive and confidential to the respective 

manufacturer.  

Nevertheless, the remainder of the investigative framework used throughout this research 

proved of great use. The expert interview provided the initial steps as to where to begin the 

research conducted, not only by providing information about the functionality of the 

component and the materials used but also the information provided to other participants 

that was noted down during the interview itself. The most challenging part of this entire 

research paper has been finding credible literature sources that provide suitable and relevant 

information on this research paper topic. Many good and interesting papers were not 

available, requiring further research to be conducted, taking up more time. Moreover, 

judging whether the reference used was useful also required a lot of revision, causing the 

reference list to be shortened countless times.  

A summarized outcome of how reliable each research method used in the applied 

triangulation can be found in Table 6. 
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Table 6: Outcome of reliability analysis for research methods 

Research 

Method 

Expert 

Interview 

Literature 

review 

SolidWorks 

model and 

technical 

drawings 

Triangulation 

itself 

Validity  The expert has 

more than 30 

years of 

research and 

experience in 

the field of 

radio frequency 

engineering. 

Each source 

used in the 

literature 

review section 

was found on 

scientific 

databases, 

whether it be 

Scopus, 

Springer 

Nature, or 

textbooks 

available in the 

LUT Primo 

database. 

Measurements 

were taken of 

the physical 

device using a 

digital vernier 

calliper and 

remeasured 

multiple times. 

A combination 

of research 

methods 

provides 

sufficient 

information. 

Reliability  The expert has 

published 

countless 

papers and 

journals on his 

research which 

support the 

answers they 

provided. 

Given sources 

are taken from 

scientific 

sources, certain 

website, such 

as Scopus 

provide a 

citation score. 

The higher the 

score, the more 

credible the 

source is.  

Drawings are 

easy to co-

reference with 

the actual 

device. 

All research 

conducted and 

noted down is 

taken from 

credible 

sources.  
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Sensitivity N/a Multiple 

sources were 

used to answer 

the same 

question, using 

at least 2ï3 

sources per 

question to 

ensure an 

unbiased 

answer is 

collected. 

Each view of 

the CAD model 

is presented 

and clearly 

shown. 

Sources used 

have limited to 

no bias towards 

a topic being 

researched.  

Mathematical 

error analysis 

N/a N/a N/a N/a 

Accuracy Detailed 

questions were 

presented to the 

expert. 

Answers were 

noted down and 

compared with 

those taken by 

peers.  

Sources used 

answered all 

research 

questions 

created and 

provided a 

better 

understanding 

of the research 

content. 

Proposed 

tolerances 

follow an ISO 

standard, and 

any other 

tolerances are 

clearly stated. 

The 

information 

found provides 

a good all-

round balance 

to the thesis. 

Saturation Consistency 

was reviewed 

by comparing 

the entire 

interview 

conducted with 

that of other 

groups.  

Research 

conducted 

provides good 

redundancy. 

No important 

details are 

missing from 

the technical 

drawings; all 

dimensions and 

tolerances are 

clearly stated. 

Data collected 

remains 

consistent 

through each 

section. 
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4.4  Topics for future research 

The field of engineering is continuously developing and innovating. Modern manufacturing 

methods such as metal powder printing may be an area of interest. Moreover, while some 

research was conducted regarding surface treatments and coatings for the microwave 

receiver, further research can be conducted to better understand whether it improves the 

functionality of the device by arranging actual tests. Joining materials for adhesive bonding 

are continuously being developed, thus creating another area of potential future research.  

It should be noted that overengineering the device may also not provide any benefit. 

Spending more money and time on perfecting each small detail of the device may not provide 

functionality benefits to the microwave receiver, especially if the device will go into storage 

for a considerable amount of time before ever being used. 
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5  Summary 

This research paper aims at finding different manufacturing techniques and considerations 

in terms of quality assurance of a microwave receiver used in maritime radar. The research 

methods used between the conducted literature review and arranged expert interview helped 

gather information about the crucial details, such as material selection and device 

functionality, among others. Considering the building materials as aluminium alloy 6061 

and brass, this research paper offers various suggestions as to how to maintain the 

performance of the microwave receiver, such as implementing silver surface coatings in the 

resonator cavity to improve its electrical conductivity and potential surface treatments that 

can be applied, as well as suggestions as to how to implement modern techniques during the 

milling process that would allow the machine to take into account the wear of the tool bit, 

considering how flank and crater wear affect the manufacturing process. Moreover, quality 

assurance techniques are discussed throughout the paper, diving into topics on how to check 

for thread quality, ensure geometric and dimensional tolerances and how they compare with 

the technical drawings produced, as well as recommended joining techniques such as 

adhesive bonding using epoxy between the 6.5 GHz dielectric resonator and glass 

positioning bar. Discussions for future research present the idea of using additive 

manufacturing, the risks of overengineering and diving into modern joining techniques and 

materials that can work together to improve the overall performance of microwave receivers 

used in marine radar systems.   
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Appendix 1. Literature reliability analysis 
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Appendix 2. Technical drawings  
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Appendix 3. Geometric tolerances in 3D 

 

Figure 1: Flatness tolerance of cover plate 

 

Figure 2: Flatness tolerance of cover plate in 2D 
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Figure 3: Flatness tolerance #2 

 

Figure 4: Flatness tolerance #2 in 2D 
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Figure 5: Parallelism tolerance #2 view 1 

 

Figure 6: Parallelism tolerance #2 view 2 
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Figure 7: Parallelism tolerance #2 in 2D 

 

Figure 8: Flatness tolerance #3 view 1 
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Figure 9: Flatness tolerance #3 view 2 

 

Figure 10: Flatness tolerance #3 in 2D 
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Figure 11: Flatness tolerance #4 

 

Figure 12: Flatness tolerance #4 in 2D view 1 

 

Figure 13: Flatness tolerance #4 in 2D view 2 


