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The topic of this thesis belongs to the broader research project at LUT University during 

year 2024. The research project focuses to the DFMA and sustainability analyses of more 

than 40 different MW and RF components. The results of this thesis will be utilized later to 

build an overall picture of the DFMA and sustainability aspects related to MW and RF 

technology. 

In this thesis, it aimed to develop a manufacturing plan and select suitable materials for 

waveguide switches in the 18-26 GHz band, ensuring device performance and stability in 

harsh environments. The approach involved literature review, expert interviews, SolidWorks 

modelling, and systematic material selection. A key outcome was the selection of oxygen-

free copper for its electrical conductivity, crucial for signal transmission within the specified 

frequency band. Despite its lower corrosion resistance compared to certain alloys, surface 

treatments significantly enhanced its durability. The study also addressed manufacturing 

challenges like dimension and geometric tolerance settings, contributing theoretical and 

practical insights to the mechanical engineering field, especially in microwave device 

manufacturing, and paving the way for future research. 
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1  Introduction 

Our demand for high-frequency microwave devices is increasing. As part of the Ku band, 

this frequency band is widely used in radar systems, satellite communications and wireless 

networks. Waveguide switches are a key component in controlling the signal path, and their 

performance directly affects the efficiency and reliability of the entire system. Waveguide 

switches of this design are able to serve individuals and organizations involved in radio 

communications systems, including those professionals in the telecommunications, 

aerospace and marine industries who require reliable RF transmission and switching. 

However, the conditions for manufacturing high-performance microwave devices are 

extremely demanding, which means that correct material selection and perfect 

manufacturing processes are required. 

1.1  Background and motivation 

The topic of this thesis belongs to the broader research project at LUT University during 

year 2024. The research project focuses to the DFMA and sustainability analyses of more 

than 40 different MW and RF components. The results of this thesis will be utilized later to 

build an overall picture of the DFMA and sustainability aspects related to MW and RF 

technology. 

The manufacturing of waveguide switches not only involves high-precision machining, but 

also requires consideration of the impact of materials on the propagation characteristics of 

microwave signals. In addition, dimensional and geometric tolerances play a vital role in the 

design and manufacturing process, which is critical to ensuring device performance and 

reliability. However, existing research and practice tend to focus on device design and 

performance optimization, while there is less discussion of specific manufacturing solutions 

and material selection issues. Especially in harsh environmental conditions, such as the 
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seaside, the durability and stability of the device have become the main factors restricting its 

application.  

1.2  Objective 

The main purpose of this research is to design a manufacturing plan for waveguide switches 

suitable for the 18-26GHz frequency band and select appropriate materials to ensure that the 

device can meet high-performance standards and work stably in harsh environments. This 

thesis aims to find an ideal compromise by taking into account microwave performance 

requirements, material properties, manufacturing processes, and environmental factors. 

1.3  Research problem and research questions 

This study will focus on answering the following research questions: 

a) For each part of the device, what is the most suitable manufacturing method and why? 

b) How should dimensional and geometric tolerances be set to achieve the required 

performance, and how can these tolerances be justified? 

c) What is the most suitable material for this device and why? 

1.4  Research methods 

In order to answer the questions, we focus above, this study will use literature review and 

expert interviews to collect information. In addition, using SolidWorks software to simulate 

the impact of different manufacturing options and material selections on performance. 

Through a systematic material selection process, combined with theoretical analysis and 

simulation results, the optimal manufacturing plan and material selection are ultimately 

determined. 
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1.5  Scope 

This research will focus on waveguide switches in the 18-26GHz frequency band, especially 

considering application scenarios in harsh environmental conditions such as the seaside. 

Research will be limited to material selection and manufacturing processes, excluding circuit 

design and system integration of devices. 

1.6  Expected outcomes of the research 

The thesis expected to provide a comprehensive manufacturing solution and material 

selection guide that not only meets the performance requirements of 18-26GHz waveguide 

switches, but also ensures its stability and durability in harsh environments. In addition, the 

research will also provide reference and guidance for researchers and engineers in related 

fields. 
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2  Research methodology 

This research will develop a manufacturing plan for MW devices based on triangulation and 

complete the following three research questions: manufacturing scheme, tolerance setting, 

and material selection. As show in Figure 1, it will accomplish triangulation in three ways: 

a literature review supported by expert interviews, the use of SolidWorks modelling and the 

SolidWorks DFM module, and a systematic material selection process supported by value 

analysis. By completing these triangulations, the perspectives gained can be integrated to 

find relevant content to help us develop a complete manufacturing plan and compare possible 

manufacturing technologies and materials, which will increase the effectiveness and 

reliability of this study. 

 

Figure 1. Applied triangulation. 

2.1  literature review supported by expert interviews 

The first part of the triangulation consisted of a combination of literature review and expert 

interviews, aiming to enhance the credibility and richness of the study through multiple 

perspectives and methods. 
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In this study, scientific literature plays a key role, not only providing the theoretical basis 

and existing knowledge framework for the study, but also helping to identify and interpret 

the findings. Through a rigorous literature search and evaluation process, ensure that the 

research is based on reliable scientific basis, and expert interviews are used to further verify 

and deepen this knowledge, and ultimately achieve a comprehensive understanding and 

answer to the research question. 

2.1.1  Literature review 

First, waveguide switches are fundamental components in microwave and optical systems 

that can be used to selectively transmit or redirect signals from one waveguide to another. 

These switches can be mechanical or electronic and are widely used in fields such as 

telecommunications, satellite communications, radar systems and experimental physics. 

Waveguide switches are often used for precise routing of radio frequency and microwave 

signals. They play an important role in communication equipment in ground stations, 

ensuring that signals can be effectively switched between different transmission paths or 

devices. Considering the communication requirements and technical specifications, it is 

reasonable to assume that we will need to use advanced waveguide switching technology to 

achieve these goals. 

According to (Eskelinen, Harri, et al. 2003, p 54) “The most common metallic materials in 

microwave mechanics are copper, copper alloys, phosphorus bronze, brass, stainless steel, 

aluminium and aluminium alloys, gold, and silver. There are hundreds of alloy variations 

available but only a few of them can satisfy the product’s performance requirements.” 

Bridging the foundational role of waveguide switches in various high-tech fields to the 

specific instances of their manufacturing, it's clear that the technological advancements in 

waveguide switch fabrication are not just experimental pursuits but critical responses to the 

evolving demands of telecommunications and related industries. The ability to precisely 

route signals, a core function of waveguide switches, becomes increasingly significant as 

communication systems seek higher efficiency and reliability. This pursuit of enhanced 

performance is vividly illustrated by the advancements in manufacturing techniques such as 

Fused Deposition Modelling (FDM) and Selective Laser Melting (SLM). 
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In essence, the evolution of waveguide switch manufacturing techniques from traditional 

methods to innovative processes such as FDM and SLM mirrors the broader trends in 

telecommunications and physics research. Each step forward in the manufacturing process 

reflects a response to the complex challenges faced by industries relying on precise signal 

routing and management. The detailed examples of waveguide production using FDM and 

SLM serve not only as a testament to the ingenuity of current manufacturing techniques but 

also as a beacon for future advancements in the field. 

“Going more into detail, an interesting example of a waveguide manufactured by FDM is 

reported in ref. [10]. Firstly, a WR42 waveguide has been printed using ABS. Then, the same 

printer was customized to deposit a low-cost conductive silver ink. The manufactured 

waveguide exhibits a measured loss of 0.11 dB/cm for the entire K-band.” (Mauro Lumia et 

al. 2022, Chapter 5) 

“As far as the SLM is concerned, the main test refers to the frequency range from 18 to 110 

GHz. Aluminum is the material most used. However, few examples have been carried out 

by using copper and nickel alloys [11]. An interesting comparison is presented in Ref. [11], 

where the authors compare the losses of a commercial WR42 waveguide with SLM (in 

aluminum) and a CNC machined realization. As it could be expected, the lowest attenuation 

occurs in the commercial waveguide (0.004 dB/cm), while the SLM and CNC parts exhibit 

a loss of about 0.02 dB/cm and 0.03 dB/cm, respectively. Still considering SLM, in Ref. [15], 

a study on the circular waveguide, operating in Ka-band, is carried out. The measured 

aluminum prototypes exhibit a loss of 0.01 dB/cm. The co-polar and cross-polar 

transmission coefficients have been measured to understand the SLM’s feasibility for dual-

polarization systems, thanks to the double symmetry shape. The measurements show a 

spurious cross-polarization term of −25 dB/−40 dB.” (Mauro Lumia et al. 2022, Chapter 5) 

Waveguide switches are essential for directing signals in microwave and optical systems 

across various high-tech fields, including telecommunications and satellite communications. 

The shift towards more sophisticated manufacturing methods like Fused Deposition 

Modeling (FDM) and Selective Laser Melting (SLM) is a direct response to the need for 

higher efficiency and reliability in these systems. Innovations in waveguide production, such 

as the creation of a WR42 waveguide using ABS and conductive silver ink, showcase the 

potential for improved performance through advanced manufacturing techniques. The 

exploration of materials like aluminum, copper, and nickel alloys, and the comparison of 



11 

 

waveguide losses across different manufacturing methods, underscore the industry's effort 

to enhance waveguide functionality and signal precision. This evolution reflects broader 

trends in technology, where the drive for innovation meets the practical demands of precise 

signal routing and management, marking a significant step towards future advancements in 

waveguide switch manufacturing. 

To achieve the required performance for component operating in the frequency range of 18-

26GHz, based on the "Microwave Component Mechanics", The frequency range, 

dimensional uncertainties should be kept below 3% of the wavelength. Especially for tuning 

structures, connectors, or flange mating surfaces, dimensional uncertainties might need to 

be significantly less than 0.2mm, with high-Q resonators possibly requiring sub-micron level 

precision. For rectangular millimetre waveguides with cross-sections smaller than 1×2mm, 

the internal surface quality may need to approach a few microns. 

Selecting geometric tolerances to avoid confusion between tolerances for single features and 

related features, and ensure geometric tolerances accurately reflect the component's three-

dimensional requirements. The use of the maximum material principle for defining 

tolerances should be avoided, with more emphasis on ensuring surface shape rather than the 

final value of surface roughness. 

The most critical geometric tolerances are noted on the drawings to ensure required 

performance and tolerances are met. General tolerances can be used for components with 

lower precision requirements. According to the ISO 2768-2 standards, general geometric 

tolerances can be utilized. This means that certain values can be set without needing specific 

instructions on each individual item's drawing. A brief notification in the drawing's title 

block will suffice. 

Based on the above content, the research can basically determine the key dimensions and 

geometric tolerances required for the part, which will assist us in completing the SolidWorks 

modeling and DFM module analysis. 

2.1.2  Expert interview 

The expert interviewed is a well-respected professor at Aalto University who has decades of 

experience designing, testing and building various types of microwave and RF components. 



12 

 

We organize this activity so that the information we collect will be used to support all topics 

of the research project, not just this single device. This is consistent with the original intent 

of our paper -- The topic of this thesis belongs to the broader research project at LUT 

University during year 2024. The research project focuses to the DFMA and sustainability 

analyses of more than 40 different MW and RF components. The results of this thesis will 

be utilized later to build an overall picture of the DFMA and sustainability aspects related to 

MW and RF technology. 

The question to the experts of this thesis is about tolerances，the question to be asked is: 

What is the most important accuracy requirement of this device and why? 

The expert answered the relevant questions completely, first underline the feature of the 

device that it can operate independently, which is different from other devices in the meeting. 

Secondly, the expert briefly introduced the working method of the equipment. This working 

method makes the tolerance setting of the equipment very important, because there is a 

component in the equipment that can rotate 90 degrees, and it cannot be rotated at will during 

operation. At the same time, the tolerance requirements for this rotating component are very 

strict. During operation, because mismatch due to too large an error, which will cause the 

equipment to lose its working ability. 

In addition, the setting of geometric tolerance is also very important. If the geometric 

tolerance cannot be controlled well, the assembled device may still not work properly. 

2.2  Utilization of SolidWorks modelling with DFM-module 

Using SolidWorks software mainly in the following three steps. Initially, we took 

measurements of the part, got the actual dimensions, and modelled it. Secondly, we need to 

determine the critical dimensions and the required dimensional and geometric tolerances as 

well as the Ra value based on the functional requirements in Table 1. Finally, The DFM 

module will be used to identify possible details that can be changed to make manufacturing 

easier. SolidWorks animation is also used to ensure assembly conditions for adjacent parts. 
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Table 1. Required accuracy depending on the operating frequency 

Frequency (GHz) Surface roughness Tolerance grade 

300-600 0.8 μm IT5 

150-300 1.6 μm IT 6 

75-150 3.2 μm IT 7 

35-75 6.4 μm IT 8 

15-35 12.8 μm IT 9-10 

 

Based on the previous data measurements, we can complete the modelling in SolidWorks, 

and the drawing files with parameters will be placed in the appendix. 
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2.2.1  Utilization of the DFM module in SolidWorks 

Each of our three models was imported into the DFM analysis tool and the models were 

analyzed for possible issues, such as features that are difficult to machine. 

Examining the DFM report to identify any potential design issues, we found that the part in 

Figure 2 did not have any issues in the report. However, there are some problems in Figure 

3, one of which can be avoided. The model will be modified later to eliminate the error. 

However, a very serious thing is that there is an extremely complex arc-shaped tunnel in this 

part in which right-angled internal corners needed to be milled. The analysis report given by 

the DFM tool pointed out that this tunnel is difficult to process and requires extremely high 

cost.  

 

 Figure 2. Tunnel is difficult to process. 

This problem also appears in Figure 4. The right-angled holes on the four sides are difficult 

to process, while other parts can be avoided by simplifying the design. 
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Figure 3. Sharp internal conner. 

Based on the results of the report, we modified the parts that could be modified, but retained 

the right-angled square holes that must exist in the two parts, because this is not allowed to 

be changed, and wrong modifications may cause the parts to not work. 

 

Figure 4. New modified part. 

Re-performed DFM analysis on these modified parts and found that there were no other 

problems except the right-angle holes. We compiled all the above information and started 

to create manufacturing plan and the pictures. 

Although, we have modified and completed this model. This curve in figure 6 cannot be 

machined in a traditional way unless we no longer consider the rotatable part together. In 

other words, we need to cut the material from the middle to mill the part and then assemble 

it. This manufacturing methods may have a serious impact on the accuracy of the device, 
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so we have to give up this manufacturing method and consider additive manufacturing 

methods. 

2.2.2  Utilization of SolidWorks assembly animation for DFA 

Use the parts modified to complete the assembly, determine the mates between the parts, 

and obtain the assembly model as shown in Figure 8. 

 

Figure 5. Assembly.  

Then, an exploded view of the equipment, in the appendix, was created and prepared for 

assembly animation. 

2.3  Systematic material selection process supported with value analysis 

This section is designed to identify the most suitable material selection for a MW or RF 

component through a series of step-by-step analyses. The results of material selection and 

value analysis are integrated with the results of previous research methods (such as expert 

interviews and SolidWorks modelling) to form a comprehensive manufacturing plan. Also 

ensure that the selected materials and design solutions not only meet performance 

requirements but also take into account cost-effectiveness and sustainability. 
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2.3.1  Requirements 

This part is a waveguide switch, used to control the transmission or interruption of 

microwave signals in the frequency range of 18-26GHz. Waveguide switches need to work 

stably in the frequency range of 18GHz to 26GHz to ensure the quality and efficiency.  

Also, Waveguide switch needs to be able to work normally in a corrosive environment near 

the sea, withstand the effects of sea breeze, salt spray and other corrosive factors, and 

maintain long-term stability and reliability. Materials and surface treatments should have 

excellent corrosion resistance to resist corrosion caused by salt and moisture. This means 

that part materials and surface treatments should have excellent corrosion resistance 

properties to resist corrosion caused by salt and moisture. 

In addition, materials and designs should take into account the convenience of production, 

ease of processing and manufacturing, while ensuring product quality and performance. 

Because of the design requirements, the use of additive manufacturing (such as 3D printing) 

must be considered to produce the parts. Additive manufacturing can increase design 

flexibility, reduce material waste, and potentially shorten production cycles. 

Finally, meeting all of the above performance and environmental requirements allows us to 

select cost-effective materials and manufacturing methods that take into account the costs of 

the entire life cycle, including materials, manufacturing, maintenance and ultimate recycling. 

2.3.2  Possible materials 

There are three areas we need to consider when pre-selecting a material: corrosion resistance, 

performance at operating frequencies, and feasibility of the material when we are trying 

additive manufacturing. 

Before listing the materials that can be chosen, I want to exclude one material, brass is 

generally not commonly used in additive manufacturing, mainly because of its small 

difference between its melting point and evaporation point, which makes it prone to bubbles 

and cracks when processed by laser. 

Based on these requirements, the following materials have been tentatively selected： 
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Stainless Steel and Aluminum Alloy, both materials are extremely corrosion-resistant, which 

is beneficial for use in seaside environments. The use of Aluminum Alloys also requires 

appropriate treatment or additional considerations in surface coatings to achieve the same 

level of corrosion resistance as Stainless Steel. But the advantage of Aluminum Alloys is 

that compared to Stainless Steel, it is smaller in size and mass. This means our components 

can be lighter. 

Oxygen-Free Copper (OFC) has excellent electrical conductivity that minimizes losses at 

microwave frequencies, the electrical conductivity and thermal conductivity can check in 

table 6. Although, its use in practical applications may be limited by the need for cryogenic 

cooling. 

Ceramics and Powder Metallurgy Materials can also be considered, Certain ceramics can be 

engineered to offer excellent dielectric properties for microwave frequencies. Technologies 

such as Low Temperature Co-Fired Ceramics (LTCC) allow for the integration of 

microwave circuits and components into compact, robust packages. 

Table 2, table 3 and table 4 are the properties of three different materials. Comparing their 

different mechanical properties, such as Yield Strength. This will help pick out the right 

material. 

 

Table 2. Data of OFC 

Density (g/cm³) 8.94 

Tensile Strength (N/mm²) 226 

Yield Strength (N/mm²) 212 

Hardness Brinell 76 

Melting Point (°C) 1083 

Thermal Conductivity (W/mK) 393 

Electrical Resistivity (μΩ.m15°C) 1.7 

Coefficient of Thermal Expansion 0-250°C 17.2 
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Table 3. Data of Aluminum 6061 

Property Value Conditions 

Ultimate Tensile Strength Up to 310 MPa (45 ksi) Depends on temper, highest at -195°C 

Yield Strength Approximately 275 MPa (40 ksi) For T6 temper at 24°C 

Elongation Up to 17% at room temperature Increases at higher temperatures 

Machinability Good  

Weldability Good  

 

Table 4. Data of Stainless Steel 

Property AISI 316 Stainless Steel AISI 304 Stainless Steel 

Tensile Strength 515 to 620 MPa 520 to 750 MPa 

Yield Strength 205 to 310 MPa 210 to 260 MPa 

Elongation 30% to 40% Around 40% 

Density 8.03 g/cm³ 7.93 g/cm³ 

Melting Point 1370-1398°C 1398-1454°C 

Thermal Conductivity 12.1 to 21.5 W/m·K (increasing 

with temperature) 

16.3 to 21.5 W/m·K (at higher 

temperatures) 

Modulus of Elasticity 193 GPa 193 GPa 

Heat Resistance Good up to 927°C, not advised 

between 427°C to 857°C 

continuously without treatment 

Suitable up to 870°C intermittently and 

925°C continuously 

2.3.3  Final selection 

In the design and manufacture of waveguide switches, material selection is critical to 

ensuring excellent performance of the device within the intended operating frequency range 

(18-26GHz). Considering that the device will be used in a corrosive seaside environment, as 

well as the requirements for the feasibility of manufacturing processes and additive 
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manufacturing, Oxygen-Free Copper (OFC) was finally selected as the main material for 

manufacture. 

Table 5 is about three different materials electrical conductivity and thermal conductivity. 

Oxygen-free copper has relatively good electrical conductivity and relatively good thermal 

conductivity, so it is widely used in the manufacture of high-frequency microwave 

components. The pure material properties of oxygen-free copper ensure that the loss of 

microwave signals in the waveguide in this article is minimized, which plays a vital role in 

maintaining the integrity and stable transmission of signals in high-frequency applications 

in the 18-26GHz band. In addition, oxygen-free copper also has excellent processability. 

This material is suitable for both traditional processing methods and more developed 

additive manufacturing technologies. For example, selective laser melting (SLM) can be 

performed. The application of this technology provides the possibility to manufacture 

complex waveguide structures while maintaining high precision and performance. Of course, 

such a manufacturing method may increase manufacturing costs. 

Although the corrosion resistance of oxygen-free copper is not as good as some special 

alloys, its service life and reliability in the corrosive seaside environment can be effectively 

improved through surface treatment and coating protection. This treatment not only 

enhances the environmental adaptability of oxygen-free copper, but also further improves 

the performance and durability of the entire waveguide switch. 

In summary, by comprehensively considering various factors such as performance, 

manufacturing process, and environmental adaptability, oxygen-free copper is used as the 

material choice for waveguide switches, which fully meets the design goals and work 

requirements. This selection will ensure that the waveguide switch exhibits efficient 

transmission performance and long-term stability in high-frequency applications, while 

maintaining manufacturing flexibility and economics. 
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Table 5. Electrical Conductivity and Thermal Conductivity 

Material Electrical Conductivity (% IACS) Thermal Conductivity (W/mK) 

Oxygen-Free Copper ~101% 390-400 

6061 Aluminium Alloy 40-50% 150-200 

316 Stainless Steel 2-3% 16 

304 Stainless Steel ~2.5% 16.2 

2.4  Reliability aspects to be checked 

The reliability aspects of each method of the triangulation will be checked based on the 

viewpoints and approaches presented in table 6. 

Table 6. Reliability aspect to be checked. 

Method  Reliability aspects 

Expert interview Confirm the qualifications and background of the expert, ensure that interview 

questions are comprehensive and relevant, and that the interview process is fully 

documented and transparent. 

Literature review Select high-quality, peer-reviewed scientific literature and recognized 

commercial materials. Citations should be accurate and cover the breadth and 

depth of the research area. 

SolidWorks analysis Ensure model accuracy of DFM module analyses, including a thorough review 

of modeling assumptions and limitations. 

Systematic material 

selection 

Apply a systematic materials selection process to ensure selected materials are 

based on a comprehensive performance and environmental impact analysis. 
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3  Results 

3.1  New Scientific Knowledge 

This thesis contributes to the understanding of high-frequency waveguide switch material 

selection. Clarify that the use of oxygen-free copper (OFC), its inherent poor corrosion 

resistance, but is the material of choice due to its excellent electrical conductivity, which 

plays a key role in reducing signal losses in the 18-26 GHz frequency band. 

Considering the operating performance at the operating frequency (18-26GHz), can choose 

Oxygen-Free Copper (OFC). This material has excellent electrical conductivity, which is 

crucial for minimizing losses at microwave frequencies. However, its use in practical 

applications may be limited by the need for cryogenic cooling. 

Finally, while copper itself is not typically associated with additive manufacturing, recent 

advances have shown that copper and its alloys can be processed through selective laser 

melting (SLM) and other powder bed fusion techniques. Therefore, oxygen-free copper can 

also be considered for additive manufacturing. 

3.2  Concrete practical results 

Through system testing and analysis, OFC was selected as the primary material for the 

waveguide switch and was optimized for normal manufacturing processes and additive 

manufacturing technologies. The actual result was a detailed manufacturing plan, drawings, 

and exploded views, these could be viewed in the appendix. SolidWorks modeling and DFM 

analysis are combined to optimize production and minimize potential defects. Figure 6, 

Figure 7 and Figure 8 are the initial version of the modeling obtained through SolidWorks. 
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Figure 6. Part 1 modelling. 

 

Figure 7. Part 2 modelling. 

 

Figure 8. Part 3 modelling. 
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3.3  General results 

This thesis provides a comprehensive guide to material selection for microwave device 

manufacturing. These guidelines are valuable to engineers and designers in similar fields, 

assisting in the selection of materials that achieve both technical requirements and durability 

standards. 

It also underlines the need for continuous exploration of materials and manufacturing 

methods to further improve the performance and service life of microwave equipment. It 

lays the foundation for future research exploring alternative materials and innovative 

manufacturing technologies such as additive manufacturing. 

3.4  Set tolerance and Ra value 

The previous section discussed some common requirements in the mechanical 

manufacturing of microwave components, underline the precision required when designing 

and manufacturing high-frequency components as well as the advanced manufacturing 

techniques used to ensure component performance and reliability. 

According to the requirements of the frequency range, the uncertainty of the size should be 

kept below 3% of the wavelength. The operating frequency of the device is in the range of 

18-26GHz. The wavelength and frequency are a constant due to the electromagnetic wave 

speed, so we can determine that the accuracy must not be higher than approximately 0.4 mm. 

Similarly, based on our data in Table 7, we can determine the specific value of surface 

roughness. 15-35 GHz RA is 12.8 μm. 

Drawing on what we discussed in the literature review and the key dimensions identified by 

experts in the expert interviews. We have to ensure that tolerances and surface roughness are 

reasonable on parts of the equipment that can rotate. In addition, it should also be noted that 

when this part is assembled with other parts, the geometric tolerance setting will not cause 

the part to lose its working ability. 

In addition, we also need to pay attention to the gap between the shell and the cylinder during 

the assembly of parts. If the fit is an interference fit, it will directly block the parts and cause 
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the device loss working ability. It is also necessary to ensure that the three parts are coaxial 

when assembled, and that the waveguide flange on the shell is aligned with the rotating 

cylinder to make sure accuracy. 

Table 7. IT Tolerance 
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4  Discussion and Analysis 

This thesis is conducted to not only contribute to enriching the knowledge of waveguide 

switches but also to enhance the understanding of material selection and manufacturing 

processes for 18-26 GHz waveguide switches. The paper will provide an in-depth 

discussion of comparisons with the literature, the reliability of the research, key findings 

and conclusions, and suggest topics for further research. 

4.1  Comparison with the findings of literature review 

The literature provides the basis for understanding the factors affecting the performance of 

waveguide switches, especially in the field of microwave engineering. Notably, existing 

research strongly supports the choice of oxygen-free copper, underline that its superior 

conductivity is critical for minimizing signal loss within a given frequency band. The 

findings of this thesis are in agreement with the findings of Mauro Lumia et al. Additionally, 

they discuss the possibilities of innovative manufacturing technologies such as selective 

laser melting (SLM) in producing waveguide components. 

4.2  Reliability aspects of the research 

The reliability of this study is supported by a methodology that includes a comprehensive 

literature review, expert interviews, SolidWorks modelling, and a systematic material 

selection process. The triangulation ensures manufacturing planning and material selection, 

increasing the reliability of the results. However, this study has limitations based on 

modelling and theoretical evaluation of material properties, which may affect the general 

applicability of the results to reality. 

4.3  Key Findings 

The main material chosen to manufacture the components studied in this article is oxygen-

free copper, mainly because it has excellent performance in the required frequency range 
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and thus proves to be a more suitable material. This choice was confirmed by theoretical 

analysis and practical evaluation, confirming that it is more suitable than other materials 

such as stainless steel or aluminium, although the latter has a higher corrosion resistance, 

many properties of oxygen-free copper itself are irreplaceable. 

4.4  Conclusions 

This thesis on manufacturing planning and material selection for 18-26 GHz waveguide 

switches provides insights into the challenges and options for manufacturing of the device 

studied here. 

It is not easy to change any dimensions of the cavities or waveguides inside the device due 

to the performance requirements, though it would make manufacturing or assembly stages 

easier. Such as square holes in rotatable parts. Also, there are some exterior dimensions of 

the device which can be tuned to make the manufacturing easier. For example, the overall 

length of the device could be modified without impacting the internal waveguide dimensions. 

Machining to a tolerance requirement of ±0.04 mm is critical to ensure reliable performance 

in the 18-26 GHz operating frequency range. Tolerance settings maintain signal path 

accuracy and minimize high-frequency losses. In addition, Specific components, such as the 

switching mechanism, require exact positioning to function correctly. This necessity often 

complicates the manufacturing process, and the wrong location could affect the performance 

and reliability of the device or even cause it to stop working. One more thing about 

dimensions. Certain dimensions of the device, like the flange joints, are standardized and 

cannot be changed. These standardized dimensions ensure the device is compatible with 

other microwave components and complies with industry specifications. 

The choice of materials, directly affects the manufacturability of mechanical parts. Not only 

is this material optimal for minimizing signal loss, it is also suitable for advanced 

manufacturing techniques such as selective laser melting. Due to the limitations of 

equipment design, it is difficult to complete the processing of parts using traditional methods. 

Additive manufacturing (AM) is used to simplify the production process, although the 

surface quality and dimensional accuracy currently achieved through traditional 
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manufacturing methods still meet the performance requirements of the device. Additive 

manufacturing may help increase production efficiency. 

4.5  Topics for further research 

Future research could explore alternative materials that combine both high electrical 

conductivity and intrinsic corrosion resistance. Investigating the potential of composites or 

coated materials that do not compromise signal integrity at high frequencies would be 

valuable. Additionally, further studies could experimentally validate the manufacturing 

recommendations made in this thesis, particularly the use of SLM for complex waveguide 

structures. Research could also extend into the optimization of surface treatment processes 

to enhance the durability and performance of materials used in similar high-frequency 

applications. 
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5  Summary 

In this thesis, we successfully designed a manufacturing scheme for waveguide switches 

suitable for the 18-26 GHz frequency band, and carefully selected appropriate materials to 

ensure that the equipment can reach high performance standards and maintain stable 

operation in harsh environments. Through literature review, expert interviews, SolidWorks 

modelling and systematic material selection process, this study comprehensively examines 

the theoretical and practical basis for manufacturing solutions and material selection, and 

proposes a set of guidelines that consider microwave performance requirements, material 

properties, manufacturing processes, and the optimal solution taking into account 

environmental factors. 

The key findings of this study include: the selection of oxygen-free copper as the main 

material is not only due to its excellent electrical conductivity properties, which is crucial 

for microwave signal transmission in the 18-26 GHz frequency band, but also its good 

processing properties are suitable for traditional mechanical processing and the latest 

additive manufacturing technology. Although the corrosion resistance of oxygen-free copper 

is not as good as some special alloys, its service life and reliability in corrosive seaside 

environments are effectively improved through surface treatment and coating protection. 

Although this thesis presents a comprehensive set of manufacturing solutions and material 

selection guidelines, there are still some limitations. For example, limitations in the accuracy 

of SolidWorks model analysis and constraints in the material selection process may affect 

the reliability of the research results. 

In summary, this thesis provides theoretical and practical reference for engineers in related 

fields. By achieving these research goals, this article summarizes the development of 

microwave equipment manufacturing technology in the field of mechanical engineering and 

lays the foundation for future research in the design and manufacturing of such equipment. 
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Appendix 1. Drawings  
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Appendix 2. Exploded view 

   

   

   
 

  
 

 
 
 
 
   

 
 

 
 
 

 
 
 
 
 
  
   

 
 

  
 

 
 

 
  

 
 
   

 
 
 
  

 
  

 
   

 
 

 
 

 
  

 
 
   

 
 
 
 
    

  
  

  
   

 
   

   
 

 

 
 

 
  

 
 
   

 
 
  

  
 
  

  
 
    

    
   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

  

  

  

  

  

  

  

 
  

 
 

 
 
 
  

 
 
 
 
  

 
  

 
  

 
 
  

    
  

 
 
 
   

   
 
 
     

 
 
  

  
   

 
   

 
 
   

  
     

   
 
 

  
 
  

 
     

   
 

  
  

 
 
 
 
       

  
 
 
 
   

   
 
 
 
 

 
 
 
 
  

 
 

   
   

 
 
  

 
 
 
  

 
 
 

 
 
 
 
 
   

 
 
 
 

  
 
 
 

 
 
 
 

   
 
 
  

 
 

 
 
  

 
 
   

  
  

 
 
  

 
    

 
  

  
 
 
 
  

 
 
 
 
    

 

      

 
 

 
  

 
 

  
 
    

    
  

 
    

  
   

 
 

 
 
 
 
 
 
  

 
 
 
 
 

 
 
  

 
   

 
 
  
 
  
 
 
 

 
 
  
 
 
 
   

 
 
 
 
 
  

 
   

   
 

 
 
 
    

 
 
 
    

 
 
 
  
 
 
 
 
 
  
 
 
  
   

 
 
   

  
 
 
     

 
    

    
    

 
 
   

  
  
 
  
 



 

Appendix 3. Manufacturing stages with verbal description and required tooling 

Stage Manufacturing stage and 3D-model Required tooling Description 

1 

 
 

Drilling and milling 

the top and milling 

the four sides. 

2 

 

 

Drilling the centre 

hole. 

3 

 
 

Drilling and milling 

the body holes.  

A special triangular 

milling cutter is 

required to create 

these square holes. 

By adjusting the 

angle and position of 

the milling cutter 

multiple times, the 

edges of the 

triangular milling 

cutter can gradually 

approach the four 

sides of the square. 

This method requires 

precise control and 

multiple edge passes. 

Or by changing the 

relative movement 

direction between the 

workpiece and the 

milling cutter, a 

nearly square shape 

can also be gradually 

milled. 



 

Stage Manufacturing stage and 3D-model Required tooling Description 

1 

 

 Sawing 

2 

  

Dilling the centre 

hole 

3 

  

Milling the small 

cylinder at the top 

and the narrowed part 

at the back 

4 

 
 

Drilling and milling 

the holes 

  



 

Stage Manufacturing stage and 

3D-model 

Required tooling Description 

1 

 

 

 

SLM (Selective 

Laser Melting) 

is an advanced 

3D printing 

technology 

mainly used for 

the processing 

of metal 

materials. This 

technology uses 

high-energy 

laser beams to 

melt metal 

powder layer by 

layer to 

accurately build 

complex three-

dimensional 

objects based on 

digital models. 

 


