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ABSTRACT 

This thesis presents a manufacturability analysis and manufacturing plan for an 8-12 GHz 

coupling loop used in microwave (MW) devices. As part of a broader research project at 

Lappeenranta–Lahti University of Technology (LUT), the study aims to optimize the 

production process for enhanced geometric accuracy and environmental sustainability. 

Using a triangulated methodology, the research combines a literature review, expert 

interviews, SolidWorks DFMA analysis, and systematic material selection through value 

analysis. The analysis identifies C11000 Electrolytic Tough Pitch (ETP) Copper as the 

most suitable material due to its excellent electrical conductivity and manufacturability. 

Key manufacturing steps include laser cutting for precision and incremental sheet metal 

bending for accuracy. 
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1  Introduction 

1.1  Goal of the Thesis 

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

in 2024. The overarching research project aims to conduct Design for Manufacturability and 

Assembly (DFMA) and sustainability analyses of over 40 different MW and RF components. 

As an important component of the project, the focus of this thesis is to research the 

manufacturability analysis and manufacturing plan specifically concerning the 8-12 GHz 

coupling loop utilized in MW devices. This research will focus on improving the production 

process of this part to maintain better geometry to improve work efficiency, while also 

looking for more energy-efficient production methods to protect the environment. 

1.2  Research problem and research questions. 

In manufacturing process is challenging because, our first step is to produce metal sheets of 

a specific shape, with dimensions of approx. 23mm, 10mm and 0.25mm respectively for 

length, width and height. In fact, it is difficult to directly search for the specific production 

process of the 8-12GHz coupling loop. It should be decided how to arrange cutting off the 

thin metal sheet, how to handle the sheet metal process including bending and twisting, and 

finally, how to make the gold plating process. Reasonable production plan conforms both 

the reasonable modern environmental protection concepts. Based on this problem, the main 

research question is what the required manufacturing stages of the pin are and what would 

be a suitable material for it. 

 

1.3  Applied methods. 

The research problem will be solved by utilizing triangulation which consist of 3 items: 

literature review supported with expert interview, DFMA analysis made by Solidworks, 

systematic material selection process. 
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1.4  Background information 

The findings and recommendations put forth in this thesis are expected to play a pivotal role 

in enhancing the efficiency, reliability, and sustainability of MW and RF devices, thus 

advancing the broader objectives of the research project. 

8-12 GHz coupling loops are very small microwave parts. Its general shape and application 

location are shown in the figures 1 and 2. 

 

Figure 1.  Shape of 8-12 GHz coupling loop 
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Figure 2. The location that coupling loops is installed into other components. 
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2  Research Methodology 

The research methodology of this research to prepare the manufacturing plan of the 8-12GHz 

coupling loop is based on triangulation which is described in figure 3. The triangulation 

consists of three independent methods: Literature review supported with an expert interview, 

utilization of SolidWorks modelling together with SolidWorks DFM-module and systematic 

material selection process supported with value analysis.  By utilizing this triangulation, it 

is possible to recognize and integrate the most relevant viewpoints to find the key aspects 

for the manufacturing plan and make the comparisons of possible manufacturing 

technologies and construction materials. This will also increase the validity and reliability 

of the research. 

 

Figure 3. Applied triangulation. 

 

2.1  Literature review supported with an expert interview. 

The first part of the triangulation consists of the integration of literature review and an expert 

interview. The literature search follows the flowchart which is presented in figure 4. In this 

research the scientific literature plays a key role, but because the researched component is a 

commercial product it is useful to also scan the commercial material which is available on 

the internet. 
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Figure 4. Flowchart to illustrate the practical implementation of the literature search. 

 

The expert to be interviewed is the highly respected and distinguished professor from 

Aalto University and he has several decades’ experience in designing, testing, and building 

various types of MW and RF components. As mentioned, the topic of this thesis belongs to 

the broader research project at LUT University during the year 2024. The research project 

focuses on 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. This fact makes it 

reasonable to arrange the expert interview so that all the questions and answers will be 

collected in a common file and the collected information will be used to support all topics 

of the broader research project – not just this individual device. The list of all questions is 

presented in appendix 3.   The most important stage is the integration of the literature 

review results with the results of the expert interview. Below, is the literature I have read 

and analyzed for the different ways of implementing the different processes in the 8-

12GHz coupling loop production process. 
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2.2  Utilization of SolidWorks modelling together with SolidWorks DFM-module 

Utilization of SolidWorks software has three main parts. First, the dimensions of the real 

part are measured, so that we can create detailed models of the 8-12 GHz microwave 

coupling loop. Second, based on the functional requirements the key dimensions are 

established together with required dimensional and geometric tolerance and Ra values (see 

tables 1 and 2). Third, the DFM module will be used to recognize the possible details which 

could be changed to make manufacturing easier.  The flowchart in figure 5 describes the 

process in detail. 

Table 1. Tolerances for nominal dimensions between 0-120 mm (IT-grades 1 to 10). 

 

Table 2. Required accuracy depending on the operating frequency [1]. 
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Figure 5 Utilization of SolidWorks to find the proposal for making manufacturing easier. 

 

The sixth stage of the process in figure 5 will be based on the detailed comparison 

questionnaire of optional manufacturing technologies. The questionnaire includes 13 

questions as follows: 

1. What are the advantages of the manufacturing method? 

2. What are the disadvantages of the manufacturing method? 

3. Are there any modifications available of the basic technology and what for? 

4. What is the expected production accuracy (IT grade and Ra value)? 

5. Which aspects have the most critical impact to the manufacturing costs? 

6. What are the most important process parameters? 

7. Are there any standards, which could be applied? 
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8. Would it be possible to utilise some kinds of mechanisms, robots, or automated systems 

for 

    this manufacturing technology? 

9. Is this manufacturing technology suitable (cost-effective) for mass production? 

10. Are there any manufacturing processes developed especially for some specified materials? 

11. Are there any limits to the size of workpiece or materials? 

12. Are there any hybrid-technologies available? 

13. Which objective numerical criteria could be used for objective comparison? 

 

2.3  Systematic material selection process supported with value analysis. 

Manufacturability aspects are in tight connection with the selected material of the device. 

On the other hand, the performance of any MW or RF component depends on the selected 

material. To be able to compare optional materials and select the most appropriate one so 

called systematic material selection process will be applied according to [2]. The stepwise 

process is presented in figure 6.  

 

Figure 6. Stepwise process of the systematic material selection (translated and modified 

from [2]). 
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The question of material selection is not only related to possible manufacturing techniques, 

but it also affects the costs of the device. Because the performance of the device might also 

be related to the selected material, it is necessary to apply so called value analysis to evaluate 

the different optional materials. The principle of the value analysis is presented e.g. in [3]. 

The basic matrix for the value analysis, which is applied in this research is presented in table 

3. 

Table 3. Basic matrix for the value analysis applied in this research. 

Values Y and Z will be given when the value analysis is available. 

Basis of the value analysis related to the 
functional requirements of the device to be 
analyzed 

How well is option fulfilling the requirements 
1…N. Evaluation between the range 0-10 (0 
would mean that the option should be rejected) 

Total scores for each option 1…N Conclusions 

Property or 
requirement 

Weight of each 
property or 
requirement 
W1…WN 

C
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Conclusion 1. How many 
options were compared? 
 
 
4 options 

Electrical 
Conductivity 

0.5 10 7 6 9 5 3.5 3 4.5 

Mechanical Strength 0.2 6 9 10 6 1.2 1.8 2 1.2 

Manufacturability 0.2 9 6 7 8 1.8 1.2 1.4 1.6 

Corrosion Resistance 0.1 7 8 9 6 0.7 0.8 0.9 0.6 

 Ʃ of weight 
multipliers must 
be equal to 1.0 

8.7               7.3               7.3               7.9   Ʃ 
Total  
weighted  
scores 
for  WO#1 
 
Place: 1 

Ʃ 
Total  
weighted 
scores 
for WO#2 
 
Place: 3 

Ʃ 
Total  
weighted 
 scores 
 for WO#3 
 
Place: 3 

Ʃ 
Total 
weighted 
scores for 
WO#N 
 
Place: 2 

Conclusion 2. Which one of 
the options O#1…O#N fulfills 
the requirements the best? 
 
 
Answer: O#1 

Costs of each 
optional material and 
geometry 
combination 

 Price in 
euros 
P#1 

Price in 
euros 
P#2 

Price in 
euros 
P#3… 

Price in 
euros 
P#N 

Price/score 
P#1/WO#1 
 
 
Place: Y 

Price/score 
P#2/WO#2 
 
 
Place: Y 

Price/score 
P#2/WO#2 
 
 
Place: Y 

Price/score 
P#N/WO#N 
 
 
Place: Y 

Conclusion 3. Which one of 
the options O#1…O#N has 
the best price/score ratio 
Answer: O#Y 

  
 
Place: Z 

 
 
Place: Z 

 
 
Place: Z 

 
 
Place: Z 

 Conclusio4. Which one of the 
options O#1…O#N has the 
lowest price? 
Answer: O#Z 

Conclusion: Which one of the options O#1…O#N is the most recommended based on the integration of answers O#X, O#Y and O#Z? 
 

Answer C11000 ETP Copper  
O#1 
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For each processing technique, we need to identify the specific machines and tools that could 

meet our project's requirements. This involved researching the capabilities of different 

equipment, from cutting speed and precision to compatibility with the chosen materials. 

After having completed the three methodological approaches of the triangulation the final 

step is to integrate the results. This will be done systematically. 

 

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 4. 

Table 4. Reliability aspect to be checked. 

Method  Reliability aspects 

Expert interview Expert’s background is checked, and several questions are included in the interview about the same type of devices, there is 
a possibility to present additional questions during the interview session, if needed. 

Literature review Scientific databases utilized such as IEEE, Springer, Elsevier. Review papers will be used. Papers with high site score, SNIP and 
SJR values will be accepted, and papers should not be older than 10 years. If commercial sources would be used, authors 
names and publishing dates should be visible, and sites should be published by well-known global companies. 

SolidWorks analysis DFM and DFA modules of SolidWorks will be utilized to support researcher’s own observations.  

Systematic material selection The optional materials will be compared by using value analysis. 

Triangulation itself Three different comparisons will be made between each method and the conclusions are based on the synthesis of these 
three methods. 

 

3  Results 

This chapter presents the content of the manufacturing plant for the 8-12 GHz microwave 

coupling loop. It systematically reports the outcomes of design simulations, material 

selection processes, and manufacturing efficiency evaluations, showcasing optimized design 
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configurations, preferred materials based on sustainability criteria, and potential 

improvements in production processes. 

 

3.1  Material data and list of standardized parts 

 

The results of material analysis consits 3 items as follows:  

- Material alloys for mechanical part 

- Sizes of semi-finished products for mechanical part 

- Possible sub-contractors of the raw materials and standardized parts 

According to the requirements mentioned by the expert, the component will work in a harsh 

environmental condition near the seaside, and the material should not use permanent 

magnets and must be gold plated. However, since these coupling loops are often inside the 

MW machine, corrosion resistance is not given a higher weight in the table. 

From the data comparison in Table 3, we can intuitively observe the difference in properties 

of several alternative materials. According to expert requirements, the mechanical properties 

and manufacturability of the material were considered while maintaining electrical 

conductivity. The data shows that the performance of C11000 ETP Copper clearly meets our 

needs. During the data search, materials such as 6061 Aluminium Alloy and Gold-Plated 

Brass were also seen, but due to lack of key supplier data and other reasons, they were not 

included in Table 3 (see Appendix 2 for material information). 

The base material of the coupling loop is copper alloy and the manufactory start from a 

finding a suitable sheet metal. The material data will be presented in technical drawings. It 

is necessary to recognize that the effective manufacturing requires nesting.  

For different suppliers, the price of materials will fluctuate depending on their type. Taking 

the copper sheet provided by Farmers Copper as an example (Appendix 2), a 36-inch 

wide .032 (inch) thickness copper sheet can produce more than 14,000 coupling loop pieces.  
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The actual nesting method in production will be determined by the factory, and possible 

cutting processing methods are given in Table 5 below. 

 

3.2  Required equipment and tools for production. 

3.2.1 Cutting Machines 

Based on the triangulation, for cutting processes, the following methods can be considered: 

- Laser micro cutting, using IPG YLP-1/100/50/50 Q-switched pulsed active fiber laser for micro 

cutting operations. This laser system included a micromachining head with a 50-mm focal lens 

and a coaxial nozzle for process gas delivery. (Catalano et al., 2017) 

 

- Magnetic Forming and Cutting, a 2.4 kJ electromagnetic forming machine using a single 30 kA 

solid state SCR, which could work with a thickness below 1 mm. (Pereira et al., 2011) 

 

- Rotary Cutting, where electrical steel sheets are processed continuously between two 

cylindrical tools (stamp and die) arranged in a rolling motion, working on a sheet thickness of 

0.5 mm. (Hubert et al., 2016) 

 

- Co-Axial Waterjet Assisted Fiber Laser Cutting, utilized a Yb-fiber laser operating at a 

wavelength of 1.07 μm, capable of generating up to 2 kW of maximum power in continuous 

wave  mode. A hybrid processing head designed and fabricated in-house allowed water to flow 

coaxially with the laser beam, providing the waterjet assisted laser  cutting capability. The 

method was effective for thin sheets (0.4 mm and 0.15 mm) (Madhukar, Mullick and Nath, 

2016) 

Depending on the precision required and the acceptable level of magnetic property 

deterioration, laser cutting might be preferable for its uniform impact across the strip, as 

opposed to the localized effects of mechanical cutting [14]. The laser cutting parameters 

varied in average power (4-9 W) and cutting speed (1-4 mm/s), but it is overall a cutting 

method with relatively low power consumption.  

 

3.2.2 Bending Machines 

When considering machines for the precise twisting and bending of thin copper sheets, 

several options stand out due to their advanced features and high precision. The Numalliance 

FPX Copper and Aluminium Busbar Bending Machine [8] excels in 3D bending with CNC 

programming, offering a positioning accuracy of 0.2 mm, making it suitable for high-
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precision tasks. The Haas CM-1 Compact Mill [9] is ideal for prototyping and small 

production runs, especially when coupled with the TRT70 Tilting Rotary Table for 5-axis 

productivity, which can be used for surface treatment. The AMADA HG Series Press Brakes 

[10] provide high speed and accuracy for both thin and thick materials, featuring a hybrid 

drive system and a new back gauge system for enhanced precision. The EHRT Professional 

CNC Bending Machine [11] is known for its high precision and efficiency, handling various 

metal bar stocks with a bending force of up to 40 tons and an accuracy within 0.20°, making 

it suitable for complex bending operations. The Prada Nargesa MT150A Automatic Twisting 

Machine [12] is versatile, designed for twisting and bending small metal bars, including thin 

copper sheets, with CNC programming for repetitive tasks. Lastly, Siemens CNC Systems 

[13] can be integrated into various machines, providing high-level automation, precise 

control, and advanced software for complex bending operations. 

While all these machines offer advanced features and high precision, the AMADA HG 

Series Press Brakes stand out due to their ability to handle a wide range of material 

thicknesses with high speed and accuracy. The hybrid drive system and process intelligence 

features make it an excellent choice for complex and high-precision bending tasks required 

for thin copper alloy sheets. Considering that its applicable material thickness (cold-rolled 

sheets with a thickness of 0.2 mm) is generally close to our needs (0.25mm). Therefore, laser 

cutting will be our final chosen method.  

During the bending process, it is recommended to use the Incremental sheet metal bending 

method. This process is based on the principle of gradually deforming the sheet by applying 

small, incremental bends. The advantage of ISMB is its ability to handle materials of various 

thicknesses, providing flexibility for different applications without being constrained by the 

limitations of traditional bending methods [15]. 
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3.3  Stepwise description of the manufacturing stages for each mechanical part 

Based on the DFMA analysis made by SOLIDWORKS-DFMXpress, the 

stepwise description of the manufacturing stages for each mechanical part 

is describe in Table 5. 
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Stage

number

Manufactu

ring stage

and 3D-

model

Required

tooling
Description

1

Milling the

contact

surface

2

Nesting

sheet metal

Material

3

Laser

cutting

sheets to

obtain

basic

shapes

4

Further

laser

cutting to

increase

precision in

detail

5

Twist the

front end

of the

metal rod

6

Bend the

metal rod

to the

specified

position

7

Bend metal

shell into

cylinder

8

Surface

platting

with gold

 

Table 5. Manufacturing stages of the coupling loop 
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3.4  Detailed technical drawings 

The manufacturing plan includes following technical drawings. See appendix 1: 

- dimensions of each part and possible nesting guidelines (for sheet metal parts) 

- dimensional tolerances 

- geometric tolerances 

- general tolerances 

- surface requirements 

- DFMXpress passed screenshot 

- these drawings (presented as appendixes 3 of the thesis) and Actual photos 
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4  Discussion 

This chapter explain the analysis of the research findings regarding the manufacturability 

and sustainability of the 8-12 GHz microwave coupling loop. We aim to contextualize our 

results within the broader field, evaluating their reliability, relevance, and potential impact. 

 

4.1  Key findings and conclusions  

Key findings include the identification of C11000 Electrolytic Tough Pitch (ETP) Copper as 

the most suitable material for the coupling loop due to its excellent electrical conductivity 

and manufacturability. The manufacturing plan integrates advanced techniques such as laser 

cutting for precise shaping and incremental sheet metal bending for high-accuracy bending 

operations. Recommendations for further research include experimental validation of the 

proposed manufacturing processes and exploration of automated production lines.  

The material selection process and manufacturing plan for the microwave coupling loop 

represent a significant step toward more sustainable manufacturing practices in the realm of 

microwave engineering. However, the real-world applicability of these results requires 

further validation through experimental manufacturing runs and performance testing in 

operational environments. 

Comparison of the findings with existing literature shows that similar studies have 

emphasized the importance of design optimization for manufacturing efficiency but have 

often overlooked the integration of sustainability considerations. This research contributes 

to the field by not only developing a complete production plan but also taking into account 

energy savings wherever possible without compromising equipment performance while 

achieving environmental sustainability and manufacturability. 
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4.2  Reliability of the research 

The applied triangulation increases both the validity and reliability of the research.  The high 

quality DFMA software has been used to check manufacturability aspects. During the expert 

interview, an appreciated professor was interviewed. All the literature resources have been 

taking from reliable databases. 

 

4.3  Topics for further research 

 In the further research it is useful to check how the geometry and material properties affect 

the performance of coupling loop. It is also important to analyse the options for automated 

productions. 

It should be noted that consideration of these issues may affect the choice of bending and 

other machines, because some suppliers like Numalliance can rely on their own products to 

build automated production lines, which may affect costs. 
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5   Summary 

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

in 2024. The overarching research project aims to conduct Design for Manufacturability and 

Assembly (DFMA) and sustainability analyses of over 40 different MW and RF components. 

This thesis focused to research the manufacturability analysis and manufacturing plan 

specifically concerning the 8-12 GHz coupling loop utilized in MW devices. The goal was 

to research the production process of this part to maintain better geometry and to improve 

work efficiency, while also searching for more energy-efficient production methods to 

protect the environment. 

The triangulation consisted of three independent methods: Literature review supported 

with an expert interview, utilization of SolidWorks modelling together with SolidWorks 

DFM-module and systematic material selection process supported with value analysis.   

In this thesis the manufacturing plan for the 8-12 GHz microwave coupling loop was 

presented. The key results include: design simulations, selected material processes, and 

stepwise manufacturing plan. The most important manufactory technologies are cutting 

bending twisting and surface coating including also sheet metal nesting. Further research is 

needed to ensure the performance of coupling loop. 
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Appendix 1. Solidworks drawings and DFMXpress passed screenshot.
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Appendix 2. Material information  

https://www.avivametals.com/products/c11000-cda-110-cu-etp-electrolytic-tough-pitch-

etp-copper  

https://www.matweb.com/search/DataSheet.aspx?MatGUID=b8d536e0b9b54bd7b69e412

4d8f1d20a&ckck=1 

https://www.atlasbronze.com/C95400-Ground-Plate-1-2-Tx1-Wx24-L-

p/9540gag0408192.htm 

https://www.onlinemetals.com/en/buy/6061 

https://alloys.copper.org/alloy/C10200 

Farmers copper Electrolytic Tough Pitch (ETP) Copper - C11000. Available at: 

https://www.farmerscopper.com/assets/files/c110_info_sheet.pdf 

 

https://www.avivametals.com/products/c11000-cda-110-cu-etp-electrolytic-tough-pitch-etp-copper
https://www.avivametals.com/products/c11000-cda-110-cu-etp-electrolytic-tough-pitch-etp-copper
https://www.matweb.com/search/DataSheet.aspx?MatGUID=b8d536e0b9b54bd7b69e4124d8f1d20a&ckck=1
https://www.matweb.com/search/DataSheet.aspx?MatGUID=b8d536e0b9b54bd7b69e4124d8f1d20a&ckck=1
https://www.atlasbronze.com/C95400-Ground-Plate-1-2-Tx1-Wx24-L-p/9540gag0408192.htm
https://www.atlasbronze.com/C95400-Ground-Plate-1-2-Tx1-Wx24-L-p/9540gag0408192.htm
https://www.onlinemetals.com/en/buy/6061
https://alloys.copper.org/alloy/C10200
https://www.farmerscopper.com/assets/files/c110_info_sheet.pdf
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Appendix 3. Expert question list 
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