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Microwave passive phase shifters play a vital role in fields such as wireless communications, 
radar systems, and radio astronomy. The reliability and accuracy of these phase shifters are 
directly related to the performance of the entire system. Therefore, this research is dedicated 
to the design and fabrication of a mechanically adjustable precision microwave passive 
phase shifter, aiming to provide reliable and accurate solutions for production manufacturers. 

The background and motivation for the research stemmed from the exploration of 
Manufacturing and Assembly Analysis (DFMA) and sustainability analysis of existing 
microwave and RF components. By applying DFMA and proven production planning, 
manufacturers can increase efficiency, reduce errors, and minimize scrap in the production 
process. Such optimization not only improves product quality but also helps improve the 
efficiency of the entire manufacturing ecosystem.  

The goal of this study is to design and fabricate a mechanically adjustable precision 
microwave passive phase shifter to improve manufacturing efficiency and reduce 
environmental impact. The research adopts a comprehensive methodology of literature 
review, DFMA analysis, SolidWorks modeling and manufacturing planning. 

Expected research outcomes include the development of an optimized mechanically 
adjustable precision microwave passive phase shifter design for improved production 



 
 

efficiency and environmental sustainability, and the implementation of DFMA principles 
and production planning to improve the production process, as well as by providing reliable 
and accurate Microwave passive phase shifter solutions to enhance social infrastructure. 
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1  Introduction 

Microwave passive phase shifters (Rebeiz, et al., June 2002) play an important role in areas 

such as wireless communications, radar systems, and radio astronomy. The reliability and 

accuracy of these phase shifters are critical to system performance. Therefore, this research 

focuses on the design and manufacture of a mechanically adjustable precision microwave 

passive phase shifter with the aim of providing reliable and accurate solutions for 

manufacturers' production processes. 

 

1.1  Background and Motivation 

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 research helps manufacturers optimize their production processes. Through Design for 

Assembly Analysis (DFMA) along with sound manufacturing planning (Mohammed Izrai 

Abd Razak, 9 June 2022), manufacturers can increase efficiency and minimize scrap during 

production. This research not only improves product quality but also increases the efficiency 

of the manufacturing ecosystem. 

 

1.2  Objective 

The goal of this research is to design and manufacture a mechanically adjustable precision 

microwave passive phase shifter. Design and manufacturing plans are developed by using 

DFMA analysis. This research provides manufacturers with reliable and accurate solutions 

for the production processes. 
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1.3  Research problem and research questions 

This research focuses on the design and manufacturing of mechanically adjustable precision 

microwave passive phase shifters. The research problem is to address specific technical 

challenges associated with the production of microwave passive phase shifters to increase 

manufacturing efficiency and reduce environmental impact. 

Key research questions include: 

- What would be the most suitable material for the case? 

- What are the most suitable manufacturing methods of the case and how the quality 

of them can be ensured?  

- Which dimensional and geometric tolerances can meet the requirements? 

 

1.4  Research Methods 

This research methods combine literature review, DFMA analysis, SolidWorks modeling, 

and manufacturing planning (Javaid Butt, 13 February 2020). By utilizing these methods, 

the most relevant perspectives can be identified and integrated to find key aspects of the 

manufacturing plan. This will also increase the validity and reliability of the research. 

 

1.5  Scope 

The scope of this research includes the design and manufacture of a mechanically adjustable 

precision microwave passive phase shifter. Use new methods to get new conclusions based 

on previous research. This research focuses on optimizing manufacturing processes and 

addressing environmental sustainability concerns.  
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1.6  Expected Outcomes of the Research 

The expected outcomes of this research include development of a mechanically adjustable 

precision microwave passive phase shifter design optimized for manufacturing efficiency 

and environmental sustainability, and implementation of DFMA principles and 

manufacturing planning to improve production processes, and contribution to the 

enhancement of societal infrastructures through the provision of reliable and accurate 

microwave passive phase shifter solutions. This chapter provides an overview of the research 

background, motivation, objectives, research problem, research questions, methods, scope, 

and expected outcomes. 

“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.” 
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2  Method 

In the method part, Literature Review, Expert Interview, Utilization of SolidWorks, and 

systematic material choice are used to demonstrate reliability respectively. As shown in 

Figure 1. 

 

  

Figure 1. Methods of research. 

 

2.1  Literature Review 

This section reviews six important research and two commercial documents related to the 

design of "mechanically adjustable precision microwave passive phase shifter", involving 

MV and RF theory, DFMA, material, manufacturing technology, and discusses these six 

literatures how the results supported and inspired this thesis work. To ensure practical 

feasibility, some commercial sources are also discussed in this section.  

The Mechanically Adjustable Precision Microwave Passive Phase Shifter does not require 

an external power supply to provide energy. It changes the phase of the incoming signal by 

adjusting the structure of the Phase Shifter itself. It is widely used in RF and MV systems 

(Gu & Zhao, 22 August 2019 ). 

Incorporating Design Manufacturing and Assembly (DFMA) principles at the beginning of 

the design process can significantly reduce manufacturing costs and make products easier to 

manufacture and assemble by simplifying product design (Formentini, 14 March 2022).  



11 
 

Research by Annamalai in 2012 showed that by using the DFMA method, cost estimates can 

be made in the early stages of designing a product. And reducing overall production costs. 

Improve product quality by streamlining the production process by optimizing the design of 

manufacturing and assembly (K. Annamalai, December 2012). 

Additive manufacturing (AM) has transformed industries such as industrial production to a 

great extent. Rashid explored additive manufacturing technology in 2020 and pushed the 

technology forward. This technology enables the production of complex parts while 

reducing material waste, a move that benefits sustainability. Additive manufacturing 

technology can also be used to print a variety of materials, which facilitates the fabrication 

of phase shifter components of the type studied in this article (Ans Al Rashid, Automation 

in Construction).  

Therefore, choosing the appropriate additive manufacturing material is crucial to the design 

and functionality of the phase shifter component. Russell stated that material selection in 

2021 should consider mechanical properties, environmental impact, cost, and suitability for 

the intended manufacturing process (Aamir AA Rahim1, May 12, 2020). Phase shifters 

usually choose copper as the conductive component and ceramics or polymers such as 

polytetrafluoroethylene (PTFE) as the dielectric component (Wang, et al., 2022). 

Through the information tables of two commercial products (quanticpmi, 2024)and 

(PASTERNACK, 2024), it is verified that the materials and structures and production 

feasibility in the above references are sufficient. At the same time, it should be noted that 

the price of these products is usually high. Therefore, in the process of design and production, 

it is crucial to control costs and optimize production methods. In addition, due to the low 

number of passive phase shifter products, this situation reflects trends in the commercial 

market and specific applications, adopting active phase shifters may be another viable option. 

This review mainly applies DFMA principles to reduce costs and simplify production. In 

addition, the selection of materials is also very important, and the materials chosen to ensure 

that they meet all operational requirements. Also explore the possibilities of new materials. 

These methods guide the mechanical design and development of tunable precision 

microwave passive phase shifters, ensuring they are cost-effective and functionally superior. 
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2.2  Expert Interview 

During this research an expert interview has been arranged. The expert taught at Aalto 

University. He is an expert in military radar electronics and radar system countermeasures. 

He began research work in related fields as early as the 1960s. He is a leading expert on my 

thesis topic. 

The question is how does the correct geometry of the PTFE element affect the phase shifter? 

Expert said “The white plastic plate is the most critical part of the device. It almost 

completely determines the performance of the device. It determines how much phase you 

can get through the channel and how much non-linear or linear phase you can change. By 

designing different panel shapes, this research can get panels with different functions. The 

small copper strips are the conductors, and the plastic parts are the insulating elements that 

can change the phase without changing the signal level, which is entirely determined by the 

shape of the plastic plate (pekka, 2024).” 

 

2.3  Utilization of SolidWorks 

This chapter focuses on the steps to complete modeling using SolidWorks. To achieve this 

task, the start is by opening a new part file in SolidWorks. Then use the Extrude Sketch 

command to create a box that will serve as the body of the phaser. The next step involves 

drawing the front profile of the shell and then selecting the extrusion depth to form the three-

dimensional shape. Add holes and anchor points to the phaser and use the Drill or Extrude 

Cut command to add threaded holes for the SMA (or equivalent) connectors on the housing. 

Use the Drill tool to add screw holes for fixtures. Regarding designing the internal structure, 

knowing the exact size and shape of the internal components, you can use "Extrude Sketch" 

or "Face-Based Sketch" to design the internal metal strips and adjustment elements when 

making CAM models. Adjustment screws allow the adjustment mechanism to be simulated 

by designing the threads and corresponding screw components. Finally, multiple parts are 

created and put together using the SolidWorks Assembly feature. Once assembly is complete 

you need to ensure that all parts are properly aligned and that moving parts such as 

adjustment screws can move freely within the model. The model will then need to be 
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inspected to ensure that all connections are tight and there are no gaps. Once everything is 

done export the drawings and 3D models to prepare them for actual manufacturing. Specific 

modeling results are shown in the Result section in the following section. 

 

2.4  Systematic material choice 

This research focuses on the impact of materials on component performance in material 

selection. When designing microwave passive phase shifters, choosing different materials 

will have different effects on the electrical characteristics of the component. For example, 

PTFE (Kristina Berladir, 07 June 2019) is widely used in the microwave field because of its 

excellent electrical properties. At the same time, the material is also very mechanically stable 

and durable. Under different environmental conditions, thermal stability, corrosion 

resistance, mechanical strength and other factors of materials will directly affect the 

performance of microwave passive phase shifters. When selecting materials, the working 

environment of the microwave passive phase shifter should also be considered. This requires 

consideration of factors such as temperature, humidity, stress, etc. In addition to meeting 

performance and environmental requirements, the processability of the material is also 

important. Choosing materials that are easy to process helps maintain the geometric 

properties and high precision of microwave passive components. 

It is feasible to use brass as a material for microwave passive phase shifters, especially in 

terms of its electromagnetic properties and interaction with microwave signals (Paul 

Stavroulakis, 27 January 2022). Table 1 is properties of brass. 
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Table 1. Properties of brass. 
Property Description of Brass Data Score 

Mechanical Stability 
Resistivity approx. 0.07 µΩ·m at 20°C, higher resistivity can 

reduce energy loss in microwave transmission 
8 

Mechanical Stability 
Tensile strength approx. 350-500 MPa, suitable for mechanical 

stress handling 
8 

Durability Good wear resistance, suitable for long-term use 8 

Thermal Stability 
Melting point approx. 900°C to 940°C, suitable for various 

environments 
8 

Corrosion Resistance 
Stable in natural environments, but sensitive to some acidic 

conditions 
7 

Machinability Easy to cold and hot work, good ductility 8 

Environmental Impact 

 
Easy to cold and hot work, good ductility 7 

Maintenance Requirements 
Mining of copper and zinc for production can impact the 

environment 
9 

Aging Characteristics May show slight material fatigue over time but generally stable 7 

Hardness Vickers hardness about 90-140 HV 6 

Ductility Elongation at break between 10% to 15%, shows good ductility 7 

Sustainability High recyclability of brass contributes to waste reduction 9 

Microwave Absorption 
Due to its conductivity, brass may reflect microwave signals, not 

suitable for applications requiring low reflection 
10 

Signal Attenuation 
Brass has some signal attenuation capabilities, which may need 

to be considered in certain designs to optimize performance 
9 

 

The electrical conductivity of brass means that it may not be the most ideal material choice 

in microwave equipment, especially in applications where electromagnetic interference and 

reflections need to be minimized. However, the advantages of its mechanical and thermal 

properties make it likely to remain a viable option in other respects (Rohit B. Meshram, 

2021).  

In addition, aluminum alloy (Sakendra Kumar a, 2022), stainless steel (Antti Järvenpää, 21 

February 2020) and titanium alloy (Puja Yadav, 2020) as shown in Table 2, Table 3 and 

Table 4 respectively, are all materials that can be considered. 
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Table 2. Properties of aluminum alloy. 
Property Description of aluminum alloy Data Score 

Mechanical Stability 
Low resistivity, about 0.026-0.040 µΩ·m, good conductor of 

electricity 
9 

Mechanical Stability 
Tensile strength ranges from 70 to 700 MPa depending on the 

alloy composition and treatment 
7 

Durability Excellent corrosion resistance, especially when anodized 8 

Thermal Stability 
Melting point ranges from 600°C to 660°C, suitable for 

applications requiring good thermal conductivity 
7 

Corrosion Resistance Highly resistant to oxidation and corrosion under most conditions 8 

Machinability 
Generally good, though some alloys are easier to machine than 

others 
7 

Environmental Impact 

 
Highly recyclable, which minimizes its environmental footprint 9 

Maintenance Requirements Low maintenance due to its corrosion resistance and durability 9 

Aging Characteristics 
Generally stable, though some alloys can strengthen over time 

due to precipitation hardening 
7 

Hardness 
Can vary widely, generally around 40-150 HV depending on 

alloy and tempering 
6 

Ductility 
Moderate to high ductility, facilitating forming and bending 

processes 
8 

Sustainability 
Excellent, due to high recyclability and lower environmental 

impact of production 
10 

Microwave Absorption 
Aluminum alloy reflects microwaves and can be used in 

applications requiring reflective properties 
8 

Signal Attenuation 
Low microwave signal attenuation, making it suitable for 

protective casings in microwave systems 
3 

 

According to properties of aluminum alloy, This research rates aluminum alloy. The 

following will analyze stainless steel. 
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Table 3. Properties of stainless steel. 
Property Description of stainless-steel Data Score 

Mechanical Stability 
Relatively poor electrical conductor with resistivity around 0.6 

µΩ·m 
4 

Mechanical Stability 
Tensile strength ranges from 500 to 2000 MPa depending on the 

grade and heat treatment 
9 

Durability 
High durability and capable of withstanding severe 

environmental conditions 
10 

Thermal Stability 
Melting point ranges from 1400°C to 1450°C, good high-

temperature stability 
9 

Corrosion Resistance 
Excellent resistance to a wide range of chemical environments, 

including both oxidizing and reducing conditions 
10 

Machinability 
Generally harder to machine than carbon steel but machinability 

can be improved with certain alloy modifications 
5 

Environmental Impact 

 

Stainless steel is 100% recyclable, which reduces its lifetime 

environmental impact 
8 

Maintenance Requirements 
Low maintenance due to its rust resistance and does not require 

additional coating 
9 

Aging Characteristics 
Maintains strength and corrosion resistance over long periods, 

does not degrade under typical environmental conditions 
9 

Hardness Hardness varies by grade but typically falls between 150-400 HV 8 

Ductility 
Generally good ductility, which varies based on the specific 

composition and treatment 
7 

Sustainability High sustainability due to its long lifespan and recyclability 9 

Microwave Absorption 
Stainless steel can reflect microwave energy, making it useful for 

shielding and reflective applications in microwave technologies 
6 

Signal Attenuation 
Due to its high density and metal nature, it may attenuate 

microwave signals more than lighter metals like aluminum 
6 

 

According to properties of stainless steel, This research rates stainless steel. The following 

will analyze titanium alloy. 
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Table 4. Properties of titanium alloy. 
Property Description of titanium alloy Data Score 

Mechanical Stability Poor conductor of electricity with resistivity around 0.42 µΩ·m 5 

Mechanical Stability 
Very high tensile strength, typically ranging from 900 to 1400 

MPa depending on the grade and treatment 
9 

Durability 
Known for its durability and longevity in harsh environmental 

conditions 
10 

Thermal Stability 
Melting point is about 1668°C, high thermal stability making it 

suitable for high-temperature applications 
10 

Corrosion Resistance 
Exceptional resistance to corrosion, including resistance to sea 

water and chlorine 
10 

Machinability 
Difficult to machine due to its toughness; requires advanced 

machining techniques 
4 

Environmental Impact 

 

Low toxicity makes it environmentally friendly, and it is 100% 

recyclable 
8 

Maintenance Requirements 
Requires minimal maintenance due to its inertness and ability to 

withstand environmental challenges 
9 

Aging Characteristics 
Maintains mechanical properties well over time without 

significant degradation 
9 

Hardness Varies by alloy type but generally falls within 300-450 HV 8 

Ductility 
Moderate ductility, which can be enhanced with specific alloying 

elements and heat treatment 
6 

Sustainability 
High sustainability due to its durability and recyclability, though 

energy-intensive to produce 
7 

Microwave Absorption 

Titanium alloys have minimal microwave absorption but 

excellent strength, useful for structural components in microwave 

environments 

5 

Signal Attenuation 
Minimal signal attenuation, suitable for applications requiring 

high strength without interfering with signal integrity 
5 

 

According to Properties of titanium alloy, This research rates titanium alloy. In the results 

part, material selection will be made based on the score of each material, manufacturing plan, 

and cost. 
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3  Result 

This chapter will introduce material selection, CAD models and manufacturing plans. 

Material selection is based on the previous properties scores. The CAD model contains a 

description of the modeling process and the use of standard parts. Manufacturing plans are 

analyzed via CAM. 

 

3.1  Material Choice 

Ultimately, this research chooses brass as the material for the phase shifter case. After 

calculating the scoring table in the previous article, the scores of all materials are very close. 

Brass has good electrical conductivity and is suitable for radio frequency components used 

in the microwave frequency band. Compared with aluminum alloy, the electrical 

conductivity of brass is closer to that of pure copper, which is beneficial to reducing the loss 

of radio frequency signals. At the same time, it is easy to machine into complex shapes and 

maintains good dimensional stability during cutting and milling. This is especially important 

for manufacturing precision microwave components. It has moderate mechanical strength, 

sufficient to meet the strength requirements of the phase shifter housing and is easy to 

machine. Brass has excellent corrosion resistance and can resist various environmental 

factors such as moisture and salt spray, ensuring long-term stable operation of the equipment 

in harsh environments. It typically costs less than other high-performance metals, such as 

stainless steel or titanium alloys, while providing enough performance to make it a good 

balance between cost and performance. Brass has good thermal conductivity, which helps 

with thermal management of RF components, especially in high-power applications that 

require efficient heat dissipation. Brass surfaces are easily polished to a high finish, helping 

to enhance the product's aesthetics and protective properties. Brass is a non-magnetic 

material and will not interfere with radio frequency signals, which is especially important 

for microwave communication equipment. 
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3.2  CAD modelling 

After selecting the materials and confirming the dimensions, this thesis completed the CAD 

modeling. The model is divided into three parts, namely the installation of standard parts 

such as bolts, the selection of special components such as SMA street models and the 

modeling of other themed structures according to (Radiall, 2024), (RADIALL, 2024) and 

(mitutoyo, 2024). The overall model is shown in the Figure 2 below. 

 

 

Figure 2: Overall phase shifter. 

 

Among them, the model of the main shell is as shown in the Figure 3. 
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Figure 3: Base. 

 

In the drawing attached to appendix, using ISO 2768-mk for manufacturing tolerances for 

microwave passive phase shifters is a reasonable choice. ISO 2768-mk is part of the ISO 

2768 standard, an internationally widely used general tolerance standard for linear 

dimensions, angles, and geometric shapes where tolerances are not separately specified on 

drawings. Among them, "mK" is for medium-precision metal processing and components 

with larger tolerance requirements. ISO 2768-mk is suitable for a variety of machining and 

forming processes, including milling, turning, and drilling. It is a reasonable, cost-effective 

tolerance choice. The selection list of standard parts is as follows in Table 5. 
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Table 5: Bill of standard parts. 

Item No. Part Name Quantity 

1 148-104-10_mhs1-13a 2 

2 ISO 4017 - M2.5 x 5-N 4 

3 Micrometer 1 

4 Copper plate 1 

 

Drawings in appendix are made to facilitate the production of non-standard parts. 

This research demonstrates the interaction between the individual components of a 

mechanically tunable precision microwave passive phase shifter and the adjustment 

mechanism. Through CAD modeling, this research can show how the adjustment of the 

micrometer screw affects the fine adjustment of the phase shifter and how these adjustments 

can accurately measure the required phase shift in angular units. The design of the 

micrometer screw allows the user to change the position of the dielectric plate by finely 

adjusting the screw. This fine adjustment can affect the phase of the microwave signal 

passing through the device with extremely high precision. Each rotation of the screw 

corresponds to a slight displacement of the dielectric plate, thereby achieving a 

predetermined phase change. This change is measured in degrees, ensuring the high accuracy 

of microwave passive phase shifters in practical applications. 

 

3.3  Manufacturing Plan 

The DFMA method mainly focuses on considering the convenience of manufacturing and 

assembly in the early stages of product design, which is particularly critical in the design of 

precision equipment such as microwave passive phase shifters. By minimizing component 

count and simplifying design, DFMA aims to improve overall manufacturing and assembly 

efficiency. 

Among them, the simplification of design is not limited to the physical structure, but also 

includes the optimization of production processes. Especially for frequency-sensitive 

microwave components, ensure that the design not only meets the electrical performance, 

but is also easy to manufacture and repeat assembly. 
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According to (Eskelinen, et al., 2000), the application of DFMA in microwave and RF 

component design emphasizes the integration of design, that is, how to coordinate electrical 

and mechanical components to achieve optimal performance and cost-effectiveness. 

In the design of mechanically tunable precision microwave passive phase shifters, it is 

critical to consider the impact of factors such as the size, shape, and positioning of the tuning 

mechanism and dielectric components (e.g., PTFE components) on the overall device 

performance. 

The CAM simulation of the machining stages of case, cover and micrometer connector are 

shown in Table 6, Table 7 and Table 8 respectively. To make it clear, the same tables are 

also shown in the appendix. 
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Table 6. Machining stages of case. 

Machinin

g stage 

Geometry Simulated 

time 

%  

Rough 

Mill 

 

1.353 𝑚𝑚𝑚𝑚𝑚𝑚 72

% 

 

Drill 

 

0.249 𝑚𝑚𝑚𝑚𝑚𝑚 13

% 

Drill 

 

0.075𝑚𝑚𝑚𝑚𝑚𝑚 4% 

Drill 

 

0.087𝑚𝑚𝑚𝑚𝑚𝑚 5% 

Rough 

Mill 

 

0.114𝑚𝑚𝑚𝑚𝑚𝑚 6% 

Total  1.878𝑚𝑚𝑚𝑚𝑚𝑚 100  
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Table 7. Machining stages of cover. 

Machining 

stage 

Geometry Simulated 

time 

% 

 

Rough Mill 

 

1.921𝑚𝑚𝑚𝑚𝑚𝑚 94 

Drill 

 

0.13𝑚𝑚𝑚𝑚𝑚𝑚 6 

Total  2.051𝑚𝑚𝑚𝑚𝑚𝑚  

 

Table 8. Machining stage of micrometer connector. 
Machining 

stage 

Geometry Simulated 

time 

% 

 

Rough Mill 

 

0.68𝑚𝑚𝑚𝑚𝑚𝑚 92 

Drill 

 

0.02𝑚𝑚𝑚𝑚𝑚𝑚 3 

Drill 

 

0.037𝑚𝑚𝑚𝑚𝑚𝑚 5 

Total  0.737𝑚𝑚𝑚𝑚𝑚𝑚 100  
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4  Analysis 

According to the DFMA principle, this research considers the convenience of production 

and assembly in the early stage of design and improves the overall manufacturing and 

assembly efficiency by reducing the number of parts and simplifying the design. In terms of 

material selection, copper and PTFE were selected as the main materials due to their 

excellent electrical properties and processability. Copper has good conductivity and 

moderate cost. The PTFE was chosen because of the low-loss properties. Although the cost 

of these materials is relatively high, the performance advantages they offer make them cost-

effective in applications requiring high precision. Materials were also chosen with 

environmental impact and sustainability in mind. Both copper and PTFE are recyclable 

materials, helping to reduce the environmental footprint of the entire production process. In 

addition, the durability of these materials means equipment lasts longer, therefore reducing 

long-term environmental impact. Through making accurate CAD models, each step of the 

processing path can be accurately planned before production. It can reduce material waste 

and significantly improve production efficiency. For example, by optimizing cutting paths, 

machine idle time and unnecessary mechanical wear can be reduced, therefore extending 

equipment life, and reducing maintenance costs. During the production process, each part 

undergoes strict quality control to ensure that each component meets the design 

specifications. Considering the reliability of the design, the phase shifter is expected to be 

widely used in military and civilian fields.  

Above analysis has made substantial progress in the design and manufacturing of 

mechanically adjustable precision microwave passive phase shifters. It improves production 

efficiency and reduces environmental impact with environmentally friendly materials and 

optimized processes. Future research will further explore how to improve regulation 

accuracy, reduce costs, and maximize the environmental sustainability of the product. 
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5  Discussion 

This research aims to design and manufacture a mechanically adjustable precision 

microwave passive phase shifter, through literature review, expert interviews, SolidWorks 

modeling, and systematic material selection to prove its reliability. The discussion section 

will analyze the challenges encountered during the study, key decisions in the design, and 

the practical implications of the results. 

When designing microwave passive phase shifters, the geometry of the PTFE element has a 

decisive influence on the performance of the phase shifter. As a key component of the 

equipment, PTFE boards almost completely determine the performance of the equipment. It 

specifies the amount of phase that can be obtained through the channel, and how linear or 

non-linear the phase change is. Different plate shape designs can realize plates with different 

functions. The copper strip is the conductor part, while the plastic part serves as the 

insulating component. By changing the shape of the plastic plate, the phase can be changed 

without changing the signal level. This discovery was critical to ensuring the accuracy of the 

phase shifter design. 

Due to performance requirements, it is not easy to change any dimensions of the device's 

internal cavity or waveguide, and although this would make the manufacturing or assembly 

stages easier, in the phase shifter designed here, the internal PTFE parts cannot be changed 

in size. Some of the device's external dimensions could be tweaked to make manufacturing 

easier, and the phaser's casing could be made a little thicker. Some specific parts or 

components of the device require precise positioning. Although this may bring some 

disadvantages to manufacturability, precise positioning should be ensured first. The position 

of the copper sheet inside the device must be precise after welding. Certain dimensions of 

MW or RF components are strictly standardized, and this device uses two SMA connectors 

(female and male). Choosing the material alloy that best suits the chosen manufacturing 

technology may affect the manufacturability of the mechanical parts. The device uses brass 

for the outer casing, and the internal PTFE parts can be produced using additive 

manufacturing. The PTFE parts are the most time-consuming to produce. 

The manufacturing plan is prepared with DFMA principles in mind, aiming to streamline 

the production process and improve overall efficiency. Among them, ensuring that the 
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design not only meets the requirements in terms of electrical performance but is also easy to 

manufacture and repeat assembly is the key to improving production efficiency. However, 

manufacturing plans also present challenges, especially when ensuring that all components 

can be machined and assembled with high precision. 

Through systematic material selection, accurate modeling, and subsequent DFM and CAM 

processing, this study preliminarily determined the basic design of a microwave passive 

precision adjustable phase shifter. The results show that by further exploring lower 

production tolerances and higher surface finishes, higher adjustment accuracy and longer 

service life can be achieved. This is of great significance for microwave environments that 

have strict requirements on accuracy in detection and communication quality. 

The study also looked at issues of environmental sustainability during production. Selecting 

environmentally friendly materials, optimizing production processes, and reducing waste 

generation are key steps in achieving environmental sustainability. Although current 

research has met these new needs to a certain extent, there is still much room for exploration 

in terms of cost-effectiveness and further reduction of environmental impact. 
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6  Conclusions 

This research attempts to design and manufacture an adjustable precision microwave passive 

phase shifter and adopts various methods to improve manufacturing efficiency and reduce 

environmental impact. This research tries to achieve high efficiency in the production 

process by optimizing the design process of the phase shifter as much as possible by using 

three methods, including DFMA, SolidWorks modeling, and material selection. In addition, 

this research demonstrates the relationship between the environmental sustainability of 

precision components and production costs and provides a certain degree of outlook for the 

future development of microwave communication technology. 

Based on the DFMA principle, we have developed an optimized design of a mechanically 

adjustable precision microwave passive phase shifter to improve the efficiency of the 

production process with respect to environmental sustainability. By implementing DFMA 

principles and production planning, the production process is improved, product quality is 

improved, and manufacturing costs are reduced. Research results provide support for reliable 

and accurate microwave passive phase shifter solutions, thereby enhancing the reliability 

and efficiency of social infrastructure. 

Although this research has made significant progress, there are still possibilities for 

expansion in the following aspects. Explore lower production tolerances and better surface 

treatment technologies to achieve higher adjustment accuracy and longer phase shifter life. 

Further research into the environmental impacts associated with production and the 

development of more environmentally friendly manufacturing strategies and material 

selections. Compare different manufacturing strategies and materials to find ways to reduce 

costs and improve price/performance while maintaining performance. This research not only 

developed a microwave passive phase shifter with practical application potential, but also 

provided a new method for the design and production of microwave components that 

combines high efficiency and environmental sustainability way. Future work will build on 

current research to further explore how to improve accuracy, reduce costs, and maximize the 

environmental sustainability of products. 
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Appendix 1. Stages of machining by CAM 
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Appendix 2. Explode view and drawings 

 

1

13

12

11

2

10

4

8

3

9

6

5

7

ITEM NO. PART NUMBER MATERIAL QTY.
1 PS-COM-1 H65 BRASS 1
2 PS-COM-2 H65 BRASS 1
3 PS-COM-3 H65 BRASS 1

4 148-104-10_mhs1-
13a 1

5 7621 1
6 Part5 1

7 ISO 4017 - M2.5 x 5-
N 4

8 ISO 4017 - M2 x 4-N 8
9 PS-COM-4 PTFE 1

10 ISO 7045 - M2 x 3 - Z 
- 3N 2

11 Part6 1
12 r123054000w PART--DESC 1
13 Part9 1

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

DRAWN

CHK'D

APPV'D

MFG

Q.A

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES:
 LINEAR:
 ANGULAR:

FINISH: DEBURR AND 
BREAK SHARP 
EDGES

NAME SIGNATURE DATE

MATERIAL:

DO NOT SCALE DRAWING REVISION

TITLE:

DWG NO.

SCALE:1:2 SHEET 1 OF 1

A3

WEIGHT: 

Face Shifter
Xiaocheng Ma
Xiaocheng Ma

6.4.2024
6.4.2024

SOLIDWORKS Educational Product. For Instructional Use Only.



2 
 

 

 

10
 

10
 

10
 

16 1.50 16 

20
 

12.11 

30
 

47 

Ra 1.6

0.01 A

0.01 A

A

a5

R5 

8 

9.7 

2.
60

 

1.
52

 

2.
60

 

6.58 5.59 6.61 

12
.7

0 

6.
06

 

( )Ra 3.2 Ra 1.6

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

DRAWN

CHK'D

APPV'D

MFG

Q.A

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES: ISO 2768-mK
 LINEAR:
 ANGULAR:

FINISH: DEBURR AND 
BREAK SHARP 
EDGES

NAME SIGNATURE DATE

MATERIAL:

DO NOT SCALE DRAWING REVISION

TITLE:

DWG NO.

SCALE:2:1 SHEET 1 OF 1

A3
H65 BRASS

WEIGHT: 80.24

6.4.2024

PS-COM-1

CASEXiaocheng Ma

Xiaocheng Ma 6.4.2024

Xiaocheng Ma

Xiaocheng Ma

SOLIDWORKS Educational Product. For Instructional Use Only.

2.40 

3 

0.01 B
B

15
.2

 

1.5 1.5 

30 

4 4 10.11 

0.1 A

0.1 A
A

( )Ra 3.2 Ra 1.6

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

DRAWN

CHK'D

APPV'D

MFG

Q.A

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES: ISO 2768-mK
 LINEAR:
 ANGULAR:

FINISH: DEBURR AND 
BREAK SHARP 
EDGES

NAME SIGNATURE DATE

MATERIAL:

DO NOT SCALE DRAWING REVISION

TITLE:

DWG NO.

SCALE:5:1 SHEET 1 OF 1

A3
H65 BRASS

WEIGHT: 6.25

Xiaocheng Ma 6.4.2024

PS-COM-2

CONNECTOR
Xiaocheng Ma 6.4.2024

Xiaocheng Ma

Xiaocheng Ma

SOLIDWORKS Educational Product. For Instructional Use Only.



3 
 

 

 

16
 

7 
7 

5 
5 

20
 

5 14.5 27.5 

2 

30
 

2.
5 

2.
6 

0.01 A

0.01 A

0.01 A

A

( )Ra 3.2 Ra 1.6

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

DRAWN

CHK'D

APPV'D

MFG

Q.A

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES: ISO 2768-mK
 LINEAR:
 ANGULAR:

FINISH: DEBURR AND 
BREAK SHARP 
EDGES

NAME SIGNATURE DATE

MATERIAL:

DO NOT SCALE DRAWING REVISION

TITLE:

DWG NO.

SCALE:2:1 SHEET 1 OF 1

A3
H65 BRASS

WEIGHT: 35.76

Xiaocheng Ma 6.4.2024

PS-COM-3

COVER
Xiaocheng Ma 6.4.2024

Xiaocheng Ma

Xiaocheng Ma

SOLIDWORKS Educational Product. For Instructional Use Only.

2 
19

 

1.1 0.8 

11
.2

 

1 
3.

7 
4.

8 

1 

4.
8 

0.7 

0.5 

( )

0.1 A

0.1 A0.1 A

0.1 A

A

5.
5 

5.
5 

4 
4 

4.75 4.75 

18
 

4 

19 

Ra 1.6Ra 3.2

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

DRAWN

CHK'D

APPV'D

MFG

Q.A

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES: ISO 2768-mK
 LINEAR:
 ANGULAR:

FINISH: DEBURR AND 
BREAK SHARP 
EDGES

NAME SIGNATURE DATE

MATERIAL:

DO NOT SCALE DRAWING REVISION

TITLE:

DWG NO.

SCALE:2:1 SHEET 1 OF 1

A3
PTFE

WEIGHT: 5.64

Xiaocheng Ma 6.4.2024

PS-COM-4

PTFE PANEL
Xiaocheng Ma 6.4.2024

Xiaocheng Ma

Xiaocheng Ma

SOLIDWORKS Educational Product. For Instructional Use Only.


	1  Introduction
	1.1  Background and Motivation
	1.2  Objective
	1.3  Research problem and research questions
	1.4  Research Methods
	1.5  Scope
	1.6  Expected Outcomes of the Research

	2  Method
	2.1  Literature Review
	2.2  Expert Interview
	2.3  Utilization of SolidWorks
	2.4  Systematic material choice

	3  Result
	3.1  Material Choice
	3.2  CAD modelling
	3.3  Manufacturing Plan

	4  Analysis
	5  Discussion
	6   Conclusions
	References

