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In this research paper, a thorough investigation was conducted to seek different ways of
ensuring and enhancing the performance of the metal housing and plate cover of a
microwave receiver. Focusing on areas such as dimensional tolerances, thread quality,
joining methods, cutting methods, surface coatings, and materials to answer the main
research question of this research: To what extent do quality assurance techniques such as
3D modelling,application ofdimensional and geometric toleraégcmaterial seletion, and

joining methods ensure the reliability and performance functionality of microwave receivers
used in maritime radar systems? By combining the three research methods used in the
applied triangulatiori expert interview, literature reviewphysical observations and 3D
modellingi results showed that aluminium alloy 6061 and a brass alloy would be the initial
building blocks for the microwave receiver. Seeing that the billet of each metal would be
milled, drilled, and then tapped, various qualityusaace techniques such as the use of
coordinate measuring machines, optical andatical profilometers, and simple handheld
tools among other methogdsan be used to check for dimensional and geometric accuracies,
along with the use of cutting fluids to provide good overall quality of the machined pieces.
Moreover, enhancements to the performance of the device were also dissusbeds
looking into the application of surface coatings of silver and how it improves the electrical
conductivity of the dielectric resonator cavity.
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SYMBOLS AND ABBREVIATIONS

Symbols
mm Millimetre
NN Nano Newtons

Abbreviations

2D Two Dimensional

3D Three Dimensional

AFM Atomic ForceMicroscopy

CAD Computer Aided Design

CMM CoordinateMeasuring Machine
CNC Computer Numerical Control

DFMA Designfor Manufactureand Assembly

GHz Gigahertz

ISO International Organization for Standardization
LUT Lappeenrantdahti University of Technology
MQL Minimum Quantity Lubrication

MW Microwave

SMA SubMiniature Version A

STM Scanning Tunnelling Microscopy
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1 Introduction

In the early 18 century, microwave devices first emerged as microwave tubes as part of
communication and radar systenffis was bllowed by large advancements durivprid

War 1l for antennas and solstate devices, applications in heating devices and now
improved radar systems and measurement devices. In terms of radar and communication
systems, they detect incoming signals by measthegiovement of conduction electrons
aboutelectromagnetic waves. Given this process is linear, the current beirsgiretds
directly proportional to the superposed microwave amplit(tiefessa and Roychoudhuri,
2019) Moreover, they filter out any unnecessary signals by using a bandpass filter. This
filter allows the microwave receiver to
desired frequency range along with eliminating any unwanted discrepgidesso and
Wiselin, 2019)

Like many electricabevicesused in modenrglay maritime radarsa microwave receiver
consists of a series oflectrcal componentsThe electrical components within the
microwave receivennder studyan be found iits 2024researchpapewhere eDFMA was
conducted As seen inFigure 1, this electrical devices made upof different electrical
componentssuch asa brasscircuit boardlocated in the top centre cavjitg dielectric
resonatorocated in the top right cavitwhosefrequency readingsan be adjustedsing
brass tuning screwsa frequency amplifielocated on the top leftintermediate brass
frequency filters located in the bottom left cavapd an assortment of SMA connectors and

wires.



Figurel: Electric components inside microwave receiveusing(Sun, 2024)

The overall performance of the deviepends not onlgn its electrical componentsitalso

on the effectiveness afs metallic shell inpreventing signal interferencBue tothis, the
metallic shell requires qualitghecking aftent hasundergone its initial manufacturing
process. As a result, thissearch papdiocuses orcreating a quality assurance plan by
investigating geometric anddimensional tolerance joining methodsbetween critical
componentspotential surface treatments and coatings that can be applie@ brief dive
into the material selectiorand manufacturing methoidr a metal enclosurenicrowave

receiver used in maritime radar.

As stated previously, manufacturing plan, material selection, and DFMA analysis of this
device were conducted during the 202824 academic yeaAs a result, the material
selection of the device will not be thoroughly investigated but rather focused on etiseiring
quality of the device before, during and after manufactuBeqng partoL UT Uni ver si
broader research radio frequencyand microwave technologiethe results found in this
researchwill be used to build on the knowledge am$earch conducted during the230

2024 academic year.



1.1 Background and motivation

In recent years, sustainability has been at the forefront of engineering innowRaien.
material prices rising year after yeand governments phasing out certain technologies,
engineers have had teork hard to innovate and produce products that have been designed
with optimization, sustainability and a circular economy in mind. Components such as a
microwave receiver require careful attention to detail, as they play a vital role in the

functionality of maritime radar systems.

1.2 Goal of Research

The main objectiveof this researchis to investigate ways to ensure and enhance the
manufacturing qualitpf a metal enclosuref a microwave receiver. Diving into areas such
as measurement and testing procedurasface coatings and treatments, useCéiD
modelling joining methods and materialfjus inspecting waysf ensuring te device

functions correctly and accurately.

1.3 Research problem

Given the component operates at microwave frequencies, any misalignments, surface
irregularities, or use of necompatible materials when discussing coating can hinder the

precision and accuracy of the results when using the device.

Based on discussions made when conducting the measurement of the component, the most
important section of the device is the area wheréthésHzdielectric resonator sits, i.e.,

the resonator cavity. While the remaining 4 cavities are also of importance, the geometric
dimensions and tolerances, along with the surface properties of the resonator cavity, are

crucial for the deviceds functionality.



Moreover, the quality of the joining technique betweerttbeGHzdielectric resonator and

the glass positioning bar must be considef@wen that theglassbaris glued oto the
resonatormade ofamorphous Z5nTi-Ox i d e , a joining materi al
performance of the dielectric resonator is requifidds performance of the resonator can be
tuned using a brass scrélat is threaded through the aluminium bodlge device can be

used at different temperaturasd humidity rangea s 1t 6 s us ed amndthe mar i
joining material along with the components themselves, can expand and contract, thus

altering the positioning of each componant thus the functiaiity of the entire device

In addition, the size of the threaded holes is another area that needs to be controlled carefully,
particularly those that relate to the resonator cavity. Keeping in mind that the adjacent
connectors and components on three sides of the repeater aredstaddéheir respective
mounting holes are required to be manufactured with respect to those standards. If any
deviations or inaccuracies are present in the mounting holes, the functionality of the entire

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

The addition of a 3D model using SolidWorks is to be made as well. This will allow for the
verification of dimensions and provide clearer views of where the tolerances are to be more
stringent, thus providing a more practical interpretation of what isiresquWhile
conducting the measurements of the device will be difficult, when discussing the distances

between the threaded and cut holes, they are crucial to ensure the produced model is accurate.



As a result, the research will be divided into three main sections of the production cycle:
before production, during production, and after production. This will allow for the following

areas to be considered and reviewed:
1 Measuring, @nensioning anddieranéng of thedeviceand how to understand them
1 Material selectiorof metalworkpieces
1 Joining methods and joining materiéds ceramics
1 Surfacecoating applications
1 Potential cutting methods for brittle ceramics

1 Quality assuranceechniques taest thread quality, geometric and dimensional

tolerances, surface qualjtgndtool wear
1 Ways of neasuring tool wear

The literature reviewvill consist of peerreviewed journals found on scientific databases,
textbooks and commercial sife®mbining this information with detaitdbserved duringhe

expert interviewwhere discussions abouinderstanding how the component works,
alongsideselecing the manufacturingnaterialof eachworkpiece will mainly take place
Additionally, | want to try and get in contact with equipment manufacturers such as Furuno,
B&G, Raymarine and Garmin that produce radar systems for mamnealigsusisg with

them the importance of the componeits manufacturing methedand theirquality
verification methods if possi bl e. Al ongsi

papemwhere a DFMA aalysis and manufacturing plaverediscussedavill be beneficial

1.3.1 Research questions

The main researafpuestionused in thigesearchs as follows:

To what extent dayuality assurance techniques such3Bsmodelling,dimensioml and
geometric toleranng, material selectiorand joining method€nsurethe reliability and

performancdunctionality of microwave receivers used in maritime rajastems



To help answer therior research question stated along withréieearch problem discussed
in section 1.2, the followingubresearch questions have been created to help guide the

research findings:

1T What are the most crucial areas of the
What equipment and measurement tools are required to ensure the microwave
receiver's dimensional and geometric tolerances?

1 How do irregularities and inconsistencies in the component's geometric and
dimensional tolerances affect its performance?

1 Which cavitiesare crucial to ensure that the component is operating at optimal
performance?

1 How can tools such as SolidWorks help ensure the qualityeoéceiver's parts?

1.4 Research methods

Various research methods were used when trying to gather information on the topic. Ranging
from a literature review to an expert intervieamd potentialdiscussios with well-known
companies and professors. In addition, measurements of the device were made jn person
followed bythe creation of 8D CAD model usinghe SolidWorkssoftware

1.5 Expected contribution

This researchis intended to provide insights into ensurithg quality of the microwave
receivermetal housingAspects regardindimensional and geometrical tolerances that are
crucial for the performance of the devigearticularly for the resonator cavjtwill be
discussedalong withfactorssuch asthe use of surface coating joining methods used
between the glass positionibgr ands.5 GHz dielectricesonatorquality of threaded holes,
among others to be investigatdgly using the aforementioned research goal rasdarch
guestions, along with the applied triangulation and 3D models made using SolidWorks,
valuable observations can be made for future referemck thus contribute to LUT

Uni versityods broader research in the real

r



2 Methodology

Different research methods have been used to gather information on the application and
manufacture of microwave receivers used in maritime applicatidms. section of tis
researchwill discuss the application of the selected triangulation methoidd up to the

expert interview, anéxplainhow the reliability analysis of references used is to be carried

out.

2.1 Appliedtriangulation

&

Expert interview to better understand how the device works, it's critical areas,
possibility of digitization and automation of manufacturing processes

Manufacture interview to better understand its current manufacturing
processes, its importance in their products, testing methods

Triangulation
to be applied

Observations made during: Literature review looking into existing
manufacturing methods, production
1. Handling of device — ﬁ parameters, how better optimize the
Looking into the different — manufacturing processes, etc
@ aspects of the design, ( C \ @
coatings it may have, /

materials it’s made from, etc

!J

SolidWorks modelling
Ensuring the correct
dimensions, producing
technical drawings.
conducting test simulations.

Figure2: Applied riangulation
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Rather than comparing each of tlesearch methods mentionedFRigure 2 above, each
section will be collectively combined to discud®e toverall findings of theesearch
conducted Discussingwith an expert in the field ofadio frequency andnicrowave
engineeringvill allow for a better understanding of how the device functions and its critical
design areas that need to be carefully monitored. Moreover, contaatirent maritime
radarmanufacturersvill allow for a better understanding of the materials and manufacturing

processes currently being used initigustry,

Accompanying this with a thorough literature review will alléov careful information
comparisonand combinatiorand understanding of why certain materials, manufacturing

methodsand techniques are used.

Subsequently, measuring the physical device will allow forctieationof an accurate 3D
model using SolidWork followed by technical drawings clearlstating the critical
dimensional tolerances and requiredeometric toleranceso be obeyed during the

manufacturing process.

2.1.1 Arrangements for expert interview

To aid with the understanding of the component, its working environment, key features,
among other details, an expert interview was arranged by the univ&aity.student had

to prepare one question that would be presented to the expert. As the meeting proceeded,
each student was tasketth takingnotesof the answers to not only their own questions but

also those proposed by the rest of the members present in the megtqgen and paper

After the initial question was asked the expert, students had the opportunityprtopose
another question during the live meeting. If students wanted to receivecladfieations
an email was allowed to be senttte meeting orgamér, who would then forward our

guestions to the expert.

Once the interview was completed, students were taskbdeviewingthe notes they had
taken down angbresentingheir key findings in a presentation, discussing rémults for

their specific question along with the notestten from that of the others.
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With more than 35 years of research and experience working with these compdments, t
interviewee is a highly respected professor in the field of microwaderadiofrequency
engineering.The findings from this interview will be used to bett@énderstandour

c omp o nent designareas,its icraicll features general materials usedritical
tolerancesamong other details.

The following questionvaspresented to the expeattiring the interview process.

1 How does the construction and design of the device ensure signal integrity and reduce
electromagnetic interference, particularly in terms of the resonator cavity and its two

positioning bars?

After the interview had taken plackyrther clarifications were asked about notes taken
during the meeting, in addition tbe followingquestiondbeingforwardedto the expert

1 Is there a potential film between the body and the co@erjiist metalon-metal

contact?

A flowchart presentation of the expert interview can be fourkiigare3 below.

Submitting futher

. . . Noting down questions e L.
Dicussion of expert's } & g clarifications and

and answers presented . .
background guestions to expert via
to peers by expert .
supervisor.

Preliminary submission Presenting further Presenting results in
of questions that are to guestions to expert supervisor meeting that
be presented to expert based on responsne followed.
v | [ vesonin oo | [ et
submission of about device and conducting and
: response to presented o
component presentation uestion continuing reserach based
and question. : on results gethered

Figure3: Flowchart for conducting expert interview



2.1.2 Literature search and review
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One of the main areas afvestigationfor this researchwill be taken fromthe literature

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

commercial websi® noting down relevant information and comparing it with the

informationgathered from not only the expert intervibut also other literature sources.

A generalsedidea of the literature research method can be fouRture4.

Two parallel paths for literature

review
h 4
Scientific sources
|
' v
Microwave and Quality
Radio frequency Materials loining methods assurance
theory techniques

|

Scientific databases;

IEEE, Scopus,
ProQuest, Science
Direct...

l

Peer-reviewed
journals, high SNIP,
SJR score and high
GRS scores

h J

h 4

Commercial
sources

Similar Producs

¥

Trustowrthy
websites

h 4
Authors and

ppublishing dates are

clearly visible, well-
known compaines

At least three
comparable
references about
the same issue

A 4

Systematic
analysis of the
rerferences

Figure4: Flowchart for conductintiteratureresearch
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This research method will allow me to gather informatorhow microwaveomponerdg
function,material selection for thmainhousingand lid joining methodgo be usethetween
the6.5 GHzdielectric resonatoand glass positioning bandquality assurance techniques
that can be applietlsing this comprehensive research structure will aid in gathering a better
understanding of the overall deviaedcompletng the main objective of assurinmality.

Moreover, each reference used will undergo a reliability analysis to ensure the quality of the
sourcesused has been discusgadsection 2.2In addition, aTablediscussing how each
source was usetb answerthe research questiencreated during the making of this

investigation Thistablecan be located under Appendix

2.1.3 Utilization of stepwise quality assurance procedure and SolidWorks

illustrations

SolidWorks has been used as a tool alongside the research being conducted.-ks@awmell

3D modelling software, it allows for a 3D model and drawings of the microwave receiver to
be made based on raabrld measurements taken during the component ingpeday. This

will allow for reduced errors during the entire manufacturing process whileallgay for
comparisons with the manufactured device when discussing the geometrical tolerance

requirementsThis has beesummarzedin Figure5.
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Remeasuring device

Transfering findin on a sperate day to
Photographing . _g & P . Y
. into a SolidWorks confirm
assembled device
model measurements
taken
A
v v
Noting down Adjusting model
Disassembling measurements based on new
device around measurements
photographs taken taken.
r y
A 4 A 4
. Producing technical
Photographing , . . & .
. Measuring device drawings with
disassembled : . .
) using a vernier geometric and
components and its ) . .
caliper and rulers dimensional

key areas .
tolerancing

Figure5: Flowchart for conducting device measurement and SolidWorks Model

2.2 Means to carry outliability analysis

The reliability aspect of each research method described in Section 2.1 can be Tiabid in
1. The tablas aimed at justifying how to ensure the reliability of each research method used

in this research.
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Tablel: Reliability analysidor research methods

Researchmethod | Reliability Analysis

Literature review | The theory used within thisesearchwill be taken from scientific
journals that have been paewviewed and journals that meet LU
Universitytb s st andar ds. These |jou
using LUT Pr i mo acaderclibrahndatabase,s
well as scientific databases such as Scopus, |EE&Questand
Science Directamong othersA selection process will take pla
wher e t HembapRatmeScdare(5RS), Source Normatied
Impact per Paper (SNIP¥Clmago Journal Rank (SJRhd site
valueare allconsideredCommercial sources presented should H

their publication dates and authors clearly stated

Expert Interview | The expert is selected by LUT University, and their backgrour
discussed with udefore the interview. Before the interview
conducted, questions are prepared based on their backgro
microwave and radio frequen@ngineering angresented to th
supervisor for approval. From theretes ardaken and a chanc

to propose further questions is available.

SolidWorks Tools such as a vernier callipare used to measure the physic
observations and | device where its measurements are noted down. From there,
device measuring | model using SolidWorks isiade to present the findings and cre

technical drawings.

Table2 was created to inspect each research method and applied trianghlatoarghly
aiming atensuing eachreference used provided accurate and valid information with little

bias involved.
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Table2: Assessmernitablefor Reliability Analysisof ResearctMethods

Research Expert Literature SolidWorks Triangulation
Method Interview review model and itself
technical
drawings
Validity
Reliability
Sensitivity
Mathematical N/a N/a N/a N/a
error analysis
Accuracy
Saturation

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

T
T

Val i diowpccuyate was the research method in question.

Reliability Y How consistent was the information provided by each research
method.

Sensitivity Y How did small changes between research methods alter the

information collected.
Mathematical error analysk¥ N/a

Accuracy Y How reliable each research method was at providing accurate

information.

SaturationY How extensive was the research method used.
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3 Results

This chapter focuses on the results found throughout the eedearch papewhere the
collected information is divided into four key sections: Expert Interview, Manufacture
Interview, Measurement Results, and finalhe Literature Review. It should be noted that

in this chapter, no analysis or discussion will be taking place, only the presentation of the
research conducted. The analysis and discussion part oédieisrch papewill be in the
following chapter.

3.1 Expert Interview

The orgarzed expert interview took place on the 10th of February at LUT University. LUT
University personnel set up a Microsoft Teams meeting, where the eapedpected
professor with more than 30 years of experience in the field of radio frequency and

microwave technologiegoined us remotely

3.1.1 Material Selection

Upon initial discussions witlthe respectedrpfessor, two main material takeaways were
noted. It was determined that the metal cover of the microwave receiver is made from brass
alloy and its metal base from an aluminium alldfie pofessor made sure to clarify that
while the alloy for the base component can be found through a literature review, the brass
alloy used is manufactw@ependent, meaning that it likely varies from manufacturer to

manufacturer.

3.1.2 Key parts of component

Further discussions witlthe pofessor revealed that the most importaméa of the
component is where the dielectric resonator cavity is locatad.can be found iRigure6,

circled inorange
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Figure6: Base component

Moreover it was stated thaignal interference is reduced using a tggdlbetween the base
metal and the covenetal, where a set @ M3 x 10are used to fasten the two parts together
thus creatingn electromagnetically tighgeal During our discussiora miscommunication

in the original documents of the component wealzed andthen clarified betweemy
supervisor anthe respected professor

Figure7: Dielectric resonator disk and glass cylinder
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The device contains@&5 GHzdielectricresonatodisc madeof amorphouZr-Sn-Ti oxide

as stated previoushynitially, it was understood that this disequired twapositioning bars,

one made of aluminium and the other of glass. However, after ongoing discussions between
my supervisor anthe respected professar was deduced thalhe disc is gluedto a glass
cylinder. The glass cylinder is of standardized diametewever, lefore joining the two

pieces together, ihglass cylinder is measwteand cutto size to ensure it fits in the slot

circled in blue inFigure6.

While the pofessor reiterated that the electric compon#rasare placed in the component

are taken care of by radio and electrical enginderslid mention thabiese two pieces are
crucialin ensuring that the overall device work@rectly. As a resulpnce the two pieces

have been joined, tworbass tuning screws <create Mncap:
frequency of the di el eRekkakskelindn, 2)28asedanthb e s |
discussions conducted with the expert, diedectric resonator and glass cylinder are to be

joined as shown in Figure 8.

Figure 8: Connecting dielectric resonator disk and glass cylinder

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

below.
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imp— % >

0.02 -> distance between reference planes Datum reference

Reference plane 2

Figure 9: 2D representation of tolerance

The surface highlighted in yellow must be at ad@@ree angle frorthesurface in red. This

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

3.2 Manufacture Interview

An attempt was made to discuss with the aforementioned manufacturers details such as
manufacturing methods, material selection, functionality of the device, protection against its

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

Unfortunately, most of these details are sensitive information. As a result, these
manufacturers were not able to provide answers to the proposed questions. That being said,
they did inform me that the more general information that relates to the prapestins

can be found on their website.

3.3 Measurement results

During the early supervisor meetingshotos of the microwave receiver were taken
Measurements of the device were takeimg a vernier callipeandthen noted around these

pictures These measurements were used to produce3o8dWorksmodel



3.3.1 SolidWorksmodel

The 3D SolidWorks model can be found in flgires below.

Figure10: Assembled SolidWorks modelExploded view
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Figurell: Brassalloy cover SolidWorksCAD model

Figure12: Aluminium alloy 6061base part SolidWorkSAD model view 1

Figure13: Aluminium alloy 6061 base part SolidWorks CAD model vizw

22
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3.3.2 SolidWorks drawings

The technical drawings of the device can be found in Appendix 2. These technical drawings
provide critical information regarding th
along with the location where surface coatings could be applied. Uponrd@dpsetion, 1ISO
Standard 2768, from the International Orgaration for Standardation, was used to
define the dimensional and geometric tol
mentioned in the drawings themselves. The
found in the ISO 2768 standard that describes the linead angular dimensions of the
device (Engineering Department, 2022). 1In
ISO27682 standard, which describes the geomet
as flatness and straigtgss (Engineering Department, 2022). These tolerance standards are
vital in ensuring dimensional and geometric consistency when reproducing the microwave
receiver.As a result, unless stated the technical drawings, all other geometric and
dimensional tolerances are to follow ISO 2768 fK stanétawdd in Appendix 4

3.3.3 Geometric Tolerances applied

In total, four different geometric tolerances were applied during the making of the technical
drawings. These four were flatness, perpendicularity, concentricity, and paralfdagmess
specifies how much flat the surface being describe®espendicularity refers to which
surfaces need to be at a-@€gree angle from a respective datum surface. Concentricity
describes which holes need to be along the same datum axis. Lastly, the parallelism tolerance
refers to which surfaces need to be parao thedatum surface. These tolerances can be
found in the technical drawings in Appendix®brief representation of the most important

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

£7|0.01

Reference plane 1

Distance
—| between
reference planes

Reference plane 2

Figure 15: Flatness tolerance in 2D
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For the tolerance to be correctly applied, the reference surface (green line) must be within
0.01 mm of the two reference planes in Figure 15. This applies to every tolerance shown
below.

Reference plane 2

Reference plane 1

Figurel6: Perpendicularity tolerance #1

Reference plane 1

Reference plane 2

Figurel7: Perpendicularity tolerance #1 in 2D
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In order forthe tolerance to be applied in the correct manner, the reference surface in purple
in Figurel7 must be within 0.01 mm of each reference plane. These reference planes are at
a 90degree angle from datum E.

Figurel8: Parallelism tolerance #1 view 1

Figurel19: Parallelism tolerance #1 view 2
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Poc & Reference datum

Reference
plane 1

Reference

plane 2
Datum

surface

0.02 0.02 0.02 0.02

Surface 2

Figure21: Parallelism tolerance #1 in 2D view 2

Each reference plane shown in Figizeésand 2 is parallel to the datum surface in green in

Figurel18. Each surface highlighted must be within 0.01 mm of these reference axes.

Figure22: Concentricity tolerance view 1



Figure23: concentricity tolerance view 2

Figure24: concentricity tolerance in 2D
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To ensure the tolerance is applied correctly, the radius of each hole highlighted ireBigure
to Figure24 must be within 0.01 mm of the datum axis highlighted in yellow in Fg2@e
and23.

The remainder of geometric tolerances applied can be foulydpendix 3.

3.4 Literature review

Using thesystematic approach describeddnapter 2of this research papeawide-range
literature review was conductédcusing on the material selection, joining methods, and
quality assurance techniguetecipheringmaterial that can be applied to the microwave

receiver

3.4.1 Material Selection

Based onthe literature review conducted, variety of metals are commonly uséd
microwave receiver®ccording tothe information noted down during tegpert interview,
aluminium (for the main housingnd brasgfor the lid)were identified as the two materials

used tananufacturehe deviceBothaluminium and brassre commonly used f&lectrical
componentecause aheirgood electrical conductivitynachinabilityand ductility, tensile
strengthand stability, stress relaxation, wear resistance and manufacturingEsistinen

and Eskelinen, 2003Moreover, lbass is known to havdecent atmospheric resistance,
alongsidegood thermal and electrical conductivityaking it widely used in microwave
componentgHuber+Suhner, 2007Cu-Zn brass alloys are commonly used for industrial
applicatiors because ot hei r Ahi gh corrosion resi-stanc
magnetism, good plastic def or (stawoulbkisetyal., ( f or
2022) That being said, the exattemicalcomposition of these brass allagsnanufacture

dependent, meaning that each alloy may vary slightly
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When discussinghe material for the main metal casing of the microwave receiver, alloys
such a6000 and 6000 seriegduminium are commonly usedluminium 5xxx composed

of an aluminiuramagnesium alloyis mainly used fostructural reinforcementtara, Bruck

and Fillafer, 2020as well adoat hull constructionand framesn marine applicationsas it

does not require fApainting or dSahders andt o at i
Marshall, 2023) Aluminium alloy 6061, an aluminiummagnesiurrsilicon base alloy

(Verma and Kumar Lila, 2021)s one of the more widely usedduminium grades used

b e c a u s egood torrasionsresigstance, good weldability, and high strength, which is

widely used in aircraft, high peed tr ai n, and(Fanettalo208l)i | e st

As mentioned previously, a DFMA ameacarghsi s
paper. Two materials werpvestigatedstainless steel and titanium alloys. Both materials

were found to have good corrosion resistance, good strength characteristics and temperature
resistance, all while being very duralgfun, 2024)1t was found that titaniuralloy Ti31

wasthe appropriatenaterialfor the microwave receiver to be manufactured outloé main

reasons behind this finderedue to titaniumds | ow density
resistance and nemagnetic propertiegiving excellent performance capabilit@ésspite the
higherproductioncosts(Sun, 2024)

3.4.2 Material Coating

There ardifferent advantages to using coatings on the surface of the microwave receiver.
In short, they give the workpiece an enhanced aesthetic appeal and finish that is pleasing to
the eye but also the overall performance of the workpiece. They improve the radted s
characteristics, such as improved wear resistance, increased hardness, improved corrosion
resistance and better protection against the environmental surrouri@sigdinen and
Eskelinen, 2003)



The table below displays different material coatings that can be applied to improve the

characteristics of the aluminium surface.

Table3: Coatingmethodscomparison

31

Type of coating
methods

Materials that can
be used

Coating material

Advantages

Electrolesplating

Ferrous and
nonferrous metals,
plastics, ceramics

Nickel chloride,
nickel suphate
gold, silver

Improves corrosion
resistance and
wear.

(Eskelinen and
Eskelinen, 2003;
Kalpakjian, Schmid
and Musa, 2010;
Swift and Booker,

2013a)
Vapaur deposition | Metals, plastics, | Aluminium, nickel, | Improves hardness
ceramics anglass | copper and and wear
zirconium resistance, reduse

friction.
(Eskelinen and
Eskelinen, 2003;
Kalpakjian, Schmid
and Musa, 2010;
Swift and Booker,
2013a)

Electroplating

Ferrous and
nonferrous metals,
plastics, ceramics

Gold, puresilver

Reduces oxidation
rate

(Eskelinen and
Eskelinen, 2003;
Kalpakjian, Schmid
and Musa, 2010;
Swift and Booker,
2013a)

The useof each method and subsequent coating material is dependent on a variety of factors
such as theenvironmentthe device will be used in, its functionality, abdse material
compatibility. Table4 displayssomecommoncoatingmaterialsalong withtheir advantages

and disadvantagesxd common applications



Table4: Coatingmaterial comparison
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Coating Advantages Disadvantages Common
material applications
Silver Most conductive metal Readily forms a Microwave
coating materials sulphideor oxide components,
Can undergo oxidation layerif thecoating connectors, etc.
prevention surface is exposed
to ozone, hydrogern
Can be pure or alloyed | sulphide or sulphur
depending on (Eskelinen and
requirements Eskelinen, 2003;
Nickel can be usedsaan Swift and Booker,
: . 2013a)
underplating material
avoiding diffusion.
(Eskelinen and Eskelinen
2003; Swift and Booker,
2013a)
Gold Good heat and electricity | Wear properties ar( Circuit boards,
conductor poor (Eskelinen connectors, thin
L and Eskelinen, film circuits, etc
Good machinability 2003)
Electrical signal
transmission is excellent
(Eskelinen and Eskelinen
2003)
Tin-lead Solderability of Connectors

componentss enhanced.
Improvescorrosion
resistance ifipplied onto
copper.

(Eskelinen and Eskelinen
2003)
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While other coating materiglsuch as tircopper and nickelamong othersare also
commonly usedyariouscompaniesare continuously testing and bringing to market new
material variations angroducts. For exampl8&wissbasedSUHNER hadeveloped coating
materials such as SUCOPLAYENot only does it resist oxidatiphutit also provides good
electrical conductivity and corrosion resistaree well as a strong and nabrasive finish

to the workpiece it's applied ¢gskelinen and Eskelinen, 2003)

3.4.3 Joining Methods

There are different ways to go about joining two workpieces tog&k&w is a list of the

commonjoining methods and the materials used.
f WeldingY commonly used for joining metals and plastics
f Brazing and solderinyy commonly used to join metallic electrical components

f Mechanical fastener¥§ commonly used taemporarilyjoin (or fasten together)

metals or plastics usirggrews, boltsnails washers, etc.
T Adhesive bonding Y works on a variety

The joining method that used varies depending on the required applicatimTessary

loads and stresses must be considered, as well as the shelf life of the components being
joined. For example, brazing can be used between ceramics and metes bsiited to

join glass andother ceramic materialstogether. The brittlenessow shear and tensile
strength that are apparent with ceramic and glass materials make it difficult to use certain
joining methods. These | oi ni naghmantetd direct s 1
bonding met hods such asEbbesagad,i20l) or adhesi

Physical nechanical attachments require more space compared to adhesives or brazing
models. Adhesivesllow for similar and dissimilar material® be joined together by
applying natural or synthetic substances,tbate curedcreate a bond between the two
workpieces(Swift and Booker, 2013b)These adhesives can come in a variety of forms
such as liquids, gels, pastesdfilms, among othes;, each havingts own advantages and

disadvantages when being used
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3.4.4 Joining Materials

Adhesive materials have been around since#nky 1920s with monumental strides being
made over the yearSome of thenain types of adhesive materialsthegf ound i n t o«

market are listed below:
1. Thermosetting adhesives (epoxy, phenolic, phenoxy, polyimidg, etc
2. Thermoplastic adhesives (nylon, polystyrgnaysubphide, polyvinyl, etc)
3. Structural adhesives (acrylics, cyanoacrylate, epoxy, polyester, polysulfidgs, etc
4. Elastomeric adhesives (neoprene, butyl rubber, niprdgjisobutylene, ety
5. Pressuresensitive adhesives (film, tape, gtc
6. Natural and watebased adhesives (animaggetableand minerabased adhesives)

7. Resinbased adhesives (twanlymer adhesive, polyaromatics, polybenzimidazole,
etc)

Specific adhesive materials may fit a variety of categories listed aloveever, the
material of the two pieces being joined must be considéieeldielectric resonator is a
ceramic material that will be joined to a cylindrical glass tube. The brittleness and low shear
and tensile strength that are apparent with ceramic materials make it difficult to use certain
adhesive materials such as wdiased and pressursensitive adhesives. Moreover,
depending on whether the ceramic component is being joinedstmilar or dissimilar
material will determine the joining materi@bnesajjad, 2011)

Epoxy or cyanoacrylate provideniform stress distributions and fatigue resistance at the
joining location however, the bond can be easily broKeaload is applied, while providing

poor electrical and thermal conducti@bnesajjad, 2011)ithin this spectrupt h e @A mo st
common thermosetting polymers that are being used are epoxylickesspolyurethanes,
unsaturated pol yest e(Nee 2006)Thepelare two rhainftypes ofia | d ¢
epoxy resins being usee€ither a twepart resin and onpart hardener or a singpart resin

cured using hegiSwift and Booker, 2013b)Toughened adhesives also exist using either
acrylicbased or epoxpased solutions that once curedn withstand high loads and have

good shock absorptigiswift and Booker, 2013b)



3.4.5 Cutting methods of glass cylinder

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

functionality of the microwave receiver. While its contribution is purely mechanical, it is
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essential in the tuning process of the 6.5 GHz dielectric resonatoovised previously

the glass cylinder is first cut to size, then its diameter is trimmed accordingly. There are
different ways to go about cutting the cylinder to size, ranging from mechanical cutting, laser

cutting and water jatuttingalso known as hydrjet cutting. This has been summarized in

Tableb.

Table5: Cutting methods for ceramic materials

Cutting method

Cutting process

Advantages

Disadvantages

Mechanical roller

cutting

A groove is
initially made
(known as a
scratch)thus
creating a cutting
line. From there,
the workpiece is
bent along the
cutting line
(Bazenov et al.,
2022; Smirnov,
Spiridonov and
Karapetyan, 2011)

Inexpensivegasy to
operatejow
operating costs, larg
pieces can be cut
(Bazenov et al.,
2022; Smirnov,
Spiridonov and
Karapetyan, 2011)

Cut qualityi s n 6
the besand
requires a cutting
fluid; ceramic
material can be
damagedBazenov
et al., 2022;
Smirnov,
Spiridonov and

Karapetyan, 2011)

Laser cutting

Heat produced by
laser islocalized
on ceramic
material Once cut,
the ceramic
material is rapidly
cooled
(Kondratenko et

High cutting speeds
and high precision
cuts can be done
(Kondratenko et al.,
2020; Smirnov,
Spiridonov and
Karapetyan, 2011)

Not the besto cut
curvedsurfaces
slower cutting
speeds are require
if acircular laser
beam is used
cutting temperature

may be
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al., 2020; Smirnov,
Spiridonov and

Karapetyan, 2011)

inconsistent
(Kondratenko et
al., 2020; Smirnov,
Spiridonov and
Karapetyan, 2011)

Waterjet cutting

Uses high+
pressured water
mixed with
abrasive particles
Operates in a
similar mannerto
laser cuttingwhere
a jet nozzlas
moved to cut the
ceramic material
(Bazenowet al.,
2022; Smirnov,
Spiridonov and

Karapetyan, 2011)

Able to cut complex
shapeshigh-quality
cutsare possible
andno frictionis
producedBazenov
et al., 2022;
Smirnov, Spiridonov,
and Karapetyan,
2011)

Operating costs ar¢
expensive, cutting
speeds are slow,
andextra costs and
equipment are
required to recyle
cutting fluid
(Bazenov et al.,
2022; Smirnov,
Spiridonov and

Karapetyan, 2011)

3.4.6 Quality assurance techniques

There are &ariety of quality assurance techniquleat can bemployedbefore, duringand
aftermanufacturing processekhese testing methods are broken down into two main areas:
contact and nowgontact methods. This trickles down into different areas depending on the
desired outcome. To keep the information found within the scope aedgarch papgethe

guality assurance techniques will be focused on assessing the surface quality, geometric and
dimensional accuracy, and thread quality of each workpiece. diticag details about

assessing the tool wear will be discussed.
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Given theresearch papdocuses on ensuring the quality of the metallic enclgstsreover,
and theoverall functionality of the microwavereceiver, it should be reiterated that its
electrical componentnd theitestingare not considered as they are controlled by electrical

and radio enginees mentioned previously

3.4.6.1 Measuringof surface roughness and finighality

The mostommon technique used in assessing the surface quality of a workpiece is by using
a profilometer such as the onghown in Figure5, where adiamondshaped stylusvith a

built-in electronic amplifiei s moved across the workpieceb
As it moves along the profile of the workpiece, it measures the higher variation of the
surfaceFor this method to provide an accurate readingust travel a long enough distance

to make at least0-15 readinggEskelinen and Eskelinen, 2003; Kalpakjian, Schmid and
Musa, 2010)Moreover, the accuracy of th@ofilometer is dependent on the radii of its
diamond tip(Lee, Yu and Juan, 2004j should be taken into account that if the machined
piece has a surface roughness belownicsometreslarge system errors may occur during
the 1 nstr utheenvuéams Juang 20@4)hilegthis method isvidely used in the
manufacturing industry, it can leaseratches on the machined piecel hinder the overall

accuracy of the reading

Figure25: REM gylus profilometerMark Michaud)
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Another contact technigque used to measure the surface quality of a workpexat@snic

force microscopfAFM) method as shown in Figurg6. In this techniquea sharp tip with

a radius of about 20 to 5tanometresan be found on the end ofewer. Using very small

loads in the order of 1 nNthel ever 6s tip is moved al ong t
similarly to the profilometer method. As the tip moves, the force applied isdm@ystant

usinga control feedback systemhile takinginto accounthe variation in heighPoon and

Bhushan, 1995)This method allows for force readingslesired.

Figure26: Bruker Dimension XR AFMBruker)

Recent developments optical and laser technologiestime manufacturing industry have
allowed for new noftontacttesting methods to arise. Techniques thatzatiion-optical
methods such asxcanning tunnelling microscop§&TM) or optical methods such aso-

beam optical interferometrgnd machine visiofPatel and Kiran, 2020)n STM, a metal

tip iskept at0.2nanometrea b ove t he wo r\Molpgesscsupidiastetwaenthiea c e .
metal tip and the metal workpiecgom which tunnelling current flows between them.
Keeping the metal tip at a constant distance from the workpiece, it is moved along the surface
of the metapiece.
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The variation in distance from the workpiece to the metalstiphown by a change in
tunnelling current which corresponds to a variation in heigleaning that a higher current

is a result of acloser distance between the two pieces, and vice vAssdhe test is
conducted, the computer createsar r espondi ng topographic s
surfacgPoon and Bhushan, 199%) asimilar fashion to that &$TM, optical interferometry
utilizes a series of algorithms and image processing to create a 3D image of the surface

roughness of the workpiece.

While these methods provide high accuracy and beffeiency as compared to contact
methods, they tend to be expensive to implepntentealimited rangeand requireéhe metal
specimen to be small enough that it fits inside the microscope viewingXar¥a and H.
Hu, 2009)

3.4.6.2 Measuring of gometric and dimensional accuracy

As mentioned previously igection3.3,the use of tools such avarnier callipeyas shown

in Figure27, isaquick and easy way of checking the dimensions oirépiece including

the glass cylindeDespite not being availab# the time the measurements were conducted,
micrometres, as shown in Figuz8, can be used to measure the thickness of the microwave
recei ver 0 ¢KalpbkjiameScmidamddMusa, 201®hile gauges can be used to
check forgeometric tolerances such as flatness and straightidefsakjian, Schmid and
Musa, 2010)

0 AR AR AR ARRR L804S s
3 a4 5 8 STAINLESS =a
70 80 S0 100 10 120 130 140 180 s ww WURTH

OFF @ON & RO

Figure27: Wirth digital verniercalliper(Wurth, a)
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0-25mm  0.001mm

Mitutoyo

Figure28: Wirth digital micrometre(W(rth, b)

More sophisticated methods are availablat involve creating a 3D coordinate system of
each axisising technologies such asoordinate measuring machine), where a probe
is used to measure the workpiece point by pafhowing for accurate measurements and

better reproducibilit{ L az ar e v i |, aseshowraih Figur@o2i® sinfiigr ways, the
use of 3D scanning equipment can also be asdccompared with the original CAD model

that was designed.

Mitutoyo

LEGEX 776

S il
- )

Figure29: Mitutoyo LEGEX574 CNC CMMMitutoyo)



41

3.4.6.3 Measuring of hreadaccuracy

Similarly to the details discussed in the prior section, certain techniques can be applied to
assesshe quality of the threaded holesich as the CMM metho@&ddy currents can be

used to examine argurface defects that are present within the threaded hole section. This
allows for cracks to be identified and any discontinuities to be sliialpakjian, Schmid

and Musa, 2010; Knopp, Aldrin and Misra, 200dpreover,tools such as a thread gauge
shown in Figure80, can be used toheck the thread quality oneach workpiece has been

machinedKalpakjian et al., 2010)

Figure30: Wirth Orion thread pitch gaug®&Vurth, c)

3.46.4 Measuring of tool wear

Given theworkpiece is likely to be milled followed bgrilling and tapping the forces

applied can easily wear out the machine tools used in the entire pradgsoduce defects

on the machinediecesas di scussed i n t(8ue, 2024)ovexamples y e a
excessive cutting forces mayeatephysical distortions such as warpittgthe workpiece

If this were to occuin critical areas such abke resonator cavityar gapsproducedmay

cause performance defects of thelectricresonator and microwave receiver agrmle (H.
Eskelinen, P. Eskelinen and K. Tiihonen, 2000)
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There aretwo main types of wear experienced by CNC machirflesk wear (Figure 31)
andcrate wear(Figure32) (Thakre, Lad and Mala, 2019)o monitorwhether the cutting

tool is experiencing excessive wear, its rdtedcycle provided by the manufacturer should

be followed and measured. This can be donsvonways: through direct measurement or
indirect measuremenAs the name suggests, direct measurement refers to the process of
measuring the ut t i ng t o ohanilseldiavls arropticalhterfergmetrydevices

much like the ones discussed in secBoh6.1.Indirect methods are a little more complex
requiringmachines to come Wi built-in monitoring devices or retrofitted with aredlowing

for correlations and analysis to be made usmaghematical algorithms and functidi@erce,
Pusave@nd Kopac, 2015; Huang et al., 2021)

Flank wear

/ Crater wear
-

1 Slot . 2 Slot
340-(2)-0.32 340-2-0.32

@) B (b)

Figure31: Flank weafSayit, Aslantas anc Figure32 Crater wea(Sayit, Aslantas ant

Cicek, 2009) Cicek, 2009)
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3.4.7 Use of cutting fluids and lubricants

Cooling agents provide many benefits to machined pieces. Not only do they improve the
finish quality of the machined pieces, but they also reduce the wear of the milling. These
fluids and lubricants provide a variety of benefits, such as reducing therfraotd wear
between the cutting tool and workpiece being machined. The lowered cutting forces and
temperatures result in a workpiece with a better surface quality. Moreover, they help flush
away any chips produced during the cutting procedure and ptbeechachined surface

from environmental corrosiofKalpakjian, Schmid and Musa, 201Qubrication methods

such as minimum quantity lubrication (MQL) have gained popularity as they allow for less
coolant material to be used, meaning less goes to waste.

This system functions in a way where the amount of coolant required is adjusted based on
the parameter of the material being machififg@hmati, Sarhan and Sayuti, 201Bhere are
a variety of cooling agents that can be ysedich as fdAemul si fiabl e

semi synt heti c oi(tleCarvathmedal. \2@28)et abl e oi | s 0

That being said, many lubricants bring with them different types of hazardous waste that
damage the environment and pose danger to the user, hence why various environmental
protection agencies have been regulating their(8aguti, Sarhan and Hamdi, 2013his

is why the development of bimased lubricants and nanolubrication has gained great strides

in recent years. Manufacturers have begun experimenting with cutting fluids such as silica
dioxide, molybdenum disulphide, and carbon onj@assthey allow for better machining
properties for CNC machines, for examf{Badiuzaman et al., 2018pther nanolubrication

methods and bibased lubricants are continuously being developed.
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4 Discussion

In this chapter the information collected and presented in the results section will be
examined along with the methodologaplied throughouhe research papérhis section
will also discuss the reliability of theolleciedinformation quality assurance techniques to

be applied and potential queries for future research.

4.1 Key findings and conclusions

The key findings of this research can be separated into 3 subcategari@snufacturing,
during manufacturing, and pestanufacturing. Each subcategory will help better

understand all information presented in Sec8on

4.1.1 Premanufacturing

Based on the research conducted, the two matdhalsmicrowave receiveis to be
manufactured from ar@uminium alloy 6061 used for its metal casing and a brass &ty

the metalplate cover. It should be noted that the brass alloy that is to be used will be
dependent on the manufactyr@s each alloyariesin compositionas mentioned during the
expert interview(Pekka Eskelinen, 2029\ evertheless, botmetals provide a good balance
between having good machinability, strengdnd wear resistance along with good
conductivity characteristichence why they both have a large presence in the electronics
industry(Eskelinen and Eskelinen, 2003; Huber+Suhner, 2007; Stavroulakis et al., 2022)

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

based did not have any form of surface treatment or coating. However, it should be
considered due to the various beneiittile coating the entire metal casing and cover plate
arenét required, applying a surihlaodgBothoat i r
silver and gold are commonly used in the electronics indiEsielinen and Eskelinen,

2003; Swift and Booker, 2013a)
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Based on the research conducted, gold is said to provide good heat and electrical
conductivitywhile providing good electrical signal transmiss{&skelinen andeskelinen,

2003) however, it may not be as cesffective to use on a microwave receiv@ilver, on

the other handmay prove to be the better alternatias itis the most conductive metal
coating(Eskelinen and Eskelinen, 2003; Swift and Booker, 2Q1&a) be applied in pure

or alloyed form depending on the requirements and user desickadditives can be applied

to prevent oxidatioriEskelinen and Eskelinen, 2003; Swift and Booker, 2Q1&aecially

if it is to be used in maritime radar systerase of its common disadvantag8geing that
itds commonly wused i n ingatlimrsibvev eoatiag ircttee nepooatoe nt s
cavity will improve thelielectricr e s o ncagalalitied af receivingadio signalsknowing
thatthe current running through the dielectric resonator also runs along the surface of the

cavity itself

Whil e this r es @radudngaRFMA andlysis for the migowave receiver,
the manufacturing method was investigat€de paper found that CNC milling would be

the most efficient way of manufacturing the microwave recdfsen, 2024) CNC milling

using carbide tools the recommendechachining method for the microwave receivene

billet of materialfrom which each workpiece is to be machined outasf be found in the
technical drawing under Appendix Bot only will CNC milling providemachined pieces

with good quality finishesbut it will also make the manufacturing process of the device
efficient, as it can also conduct the hole tapamgl drilling of the workpiecesiaving made

a 3D CAD model of the microwave receivére file canbe exported and uploaded to the
CNC milling software and checked for potential errors in the milling process using t
inbuilt simulation programit should be noted that the milling direction and other parameters
were not investigated in this researéhen setting up thbillet of material on th€€ N C 6 s
worktable, the user should ensure that the billets are perfectly flat on the worktable. Once
this step is completed, the CNC machine should be calibratéaived by fastening the
billets in place. This step is vital in ensuring that the machined pieces are cut correctly
because th#atness of the brass cover and thatting surface of the aluminiumust bein

line, as the device requires a perfect seal to prevent any signal interfereectastened
together withthe 12 M3 x 10 screws.



46

Given the smallkcavity enclosuresjoining methods such as mechanitastenersar e n 0 t
feasible. While theres small fastening equipment, the various cavities do not have enough
room once the electrical components are placed inside of them. Moreover, brazing and
soldering are not compatible witteramic material§Ebnesajjad, 2011)xhus the logical
choice to join the glass cylinder with the dielectric resonatile the connection between

the glass cylinder and 6.5 GHz dielectric resonator should not be electrically insulated, most
adhesive bonding materials do #alhesives such aspoxyresinandcyanoacrylatevork

best for this applicatiarNot only do theyprovide umform stress distribution and fatigue
resistance, but filler materials and additives can be added to the epoxy resin or cyanpacrylate
for example to reduce its lectrical insulation capabilitiegEbnesajjad, 2011; Swift and
Booker, 2013h)When attaching the two workpieces togethed0alegreeangle should be

made between thglass cylinded s | o ragd the diglextric resonafors ci r¢cul ar
keepng careful attention to not apply any vertical load on the bonding asgacan easily
breakthe bond and the glass cylind€his should be checked wi#im L-square ruleor other
90-degredools.It should beconsideredhe thickness of the epoxy resin applied, as this will

affect the size of the glass cylinder, keeping in mind that it wiuiéo size.

As presented in section 3.4.7 of the results, cutting fluids can provide a valuable addition to
each manufacturing processing methods such as MQBy reducing the friction between

the workpiece and cutting tools, a higher quality finish can be produtdke machined
pieces and reduce tfiank and cratewearcommonly found omnhe tool bits useRahmati,
Sarhan and Sayuti, 2014)he lowered cutting forces and temperature fluctuations also
prevent themachined surfaces frotmeing more susceptibk® any warping or chipthat

went unflushedthat may cause defections on the surface ofntie¢al casing and lid
(Kalpakjian, Schmid and Musa, 201@or example, fluids such as silica dioxide and
molybdenumdisulphidereduce the wear of the tool bit but also lower the temperature
fluctuations during the milling procegBadiuzaman et al., 2018\nother method that can

be used to prevent deviations on the surface of the machined pieces hasittotdeting

how large a force can be applied on a test specimen of the same billet material before
commencing the cutting procedure on the actual workpi€eece, Pusavec and Kopac,
2015; Huang et al., 20210 his can be further assured by using CNC machines with machine
learning that take into account the wear of the tool bits and material being cut using an optical

interferometry sensdPatel and Kiran, 2020)
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4.1.2 During manufacturing

Once each billet of material has been machined and the surface coatings, if any, have been
applied, the quality assurance techniques can be apphediimensions of each cavity can

be checked using a vernier calliper. Its outer measuring faces are used to measure the wall
thickness of each cavity, while its inner measuring faces are to be used to verify the
dimensions of each cavity. From there,¥he r ni er cal |l i per s depth
used to verify the depth of each caviapd compare themwith the produced technical
drawings The fillet radius applied to each cavity is dictated by the milling tool bit used,
which in this case would be an 11.5 mm drill bit. A rough estimate can be found by
measuring the drill bit size and dividing it in half to find the radius of the drilRb@MM

machine can be used to further verify the dimensions of the machined peitedlows for

comparisons with the 3D model made using SolidW¢rksa z ar evi [. et al . |,

Moreover,the surfaces of eaaghachined piece can be checkeith a stylus profilometer

STM, or other optical interferometry machineiepending on whether the machining
working shop has them readily availglas they tend to be expensive and have limited range
and viewing aredlLee, Yu and Juan, 2004; Patel and Kiran, 2020 quality of the
threaded holes and tapped holes can be checked using the CMM machine or with eddy
currentsas described in section 343 of the results chapt@falpakjian, Schmid and Musa,

2010; Knopp, Aldrin and Misra, 2006j either of the aforementioned measuring techniques

i s av@aikable, simple thread gaugesn be used to test the quality of each threaded hole.
Nevertheless, the technical drawings and 3D model should be continuously referred to
ensure the dimensiond50 2768fK) and geometric toleranséflatness, perpendicularity,

parallelism and concentricitgppliedare followed.
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Given the brittle nature of glass, thetting methodused is critical to prevent any cracks
from ensuing While mechanical roller cutting is a known agificient method of cutting
glass, given its size and circular naturas ihot recommended to be ug@®hzenov et al.,
2022; Smirnov, Spiridonov and Karapetyan, 20113ser cutting can be used as
alternativeas it provides cuts with great precision but may run the risk of melting the small
glasscylinder(Kondratenko et al., 2020; Smirnov, Spiridonov and Karapetyan, 28%H
result,waterjet cutting provides the best of both worlds. Not only does it provide precise
cuts, but also a goodguality finish to the cut piece. It may also be more -effgctive
compared to the other cutting methd@=azenov et al., 2022; Smirnov, Spiridonov and
Karapetyan, 2011)

4.1.3 Postmanufacturing

After each round of machining has been completed, quality assurance techniques discussed
in the previous section should be conducted one more tmaking sure each electrical
componentfits and can be securely fastened, thus allowing the microwave receiver to

functioncorrectly after being handed over to the electrical and radio engineers.

I f the devi ce i s n éheshelfdife d the adhesive usedtshowd bgrioted a w
down, as proper storage is required to prexamtfluctuationsfrom occurring in the bonding
area(Ebnesajjad, 2011 Moreover, by utilzing a proper storage facility, the metal pieces

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

problems.
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4.2 Comparison and connections with former research

There was one main area that will be noticed when comparingegarctwork with that
produced last year. While a DFMA analysis and manufacturing plan were made for this
device, the material selected in that paper is not the same as what was decided in this paper.
While titanium is an option for a microwave receiver, | badiegiven my prior knowledge

and research conducted through thigestigation it does not make sense to produce a small
component such as a microwave receiver out of it, partigufale device will not bear any

high loads when in us&heperformance benefits of using titanium do not out way the costs

of using it for manufacturéSun, 2024)Moreover, both papers agree that CNC milling is

the course of action when descr i(Sun,2084)t he v

4.3 Reliability assessment of the results

All triangulation methods appliethroughout thigesearcthave now been completed. As
mentioned previously, the interview with the manufacturers did not follow through because
the information being requested was sensitive and confidential to the respective

manufacturer.

Nevertheless, the remainder of theestigative frameworkised throughout thiseseach

proved of great use. The expert interview provided the initial steps as to where to begin the
research conducted, not only by providing information about the functionality of the
component and the materials used but also the information provided tqattieipants

that was noted down during the interview itself. Thest challengingart of this entire
research papéras been finding credible literature sources piatide suitable and relevant
information on thisresearch papetopic. Many good and interesting papers were not
available, requiring further research to be conducted, taking up more time. Moreover,
judging whether the reference used was useful also required a lot of revision, causing the

reference list to be shortatheountless times.

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

triangulation can be found in Table 6.
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Table6: Outcome of reliability analysis for research methods

Research Expert Literature SolidWorks | Triangulation
Method Interview review model and itself
technical
drawings
Validity The expert has| Each source | Measurements| A combination
more thar80 used in the were takerof of research
years of literature the physical methods
research and | review section | device using a | provides
experience in | wasfound on | digital vernier | sufficient
the field of scientific calliper and information
radio frequency| databases, remeasured
engineering. whether itbe multiple times.
Scopus,
Springer
Nature, or
textbooks
available in the
LUT Primo
database.
Reliability The pert has | Given sources | Drawings are | All research

published
countless
papers and
journals on his
research which
support the
answers they

provided.

aretaken from
scientific
sources, certair
website such
as Scopus
provide a
citation score.
The higher the
score, the more
crediblethe

source is.

easy to ce
reference with
the actual

device.

conducted and
noted dowris
taken from
credible

sources.
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Sensitivity | N/a Multiple Each view of | Sources used
sources were | theCAD model | have limited to
used to answer| is presented no bias towards
the same and clearly a topic being
questionusing | shown. researched.
at least 23
sources per
guestion to
ensure an
unbiased
answer is
collected.

Mathematical | N/a N/a N/a N/a
error analysis
Accuracy Detailed Sourcesused | Proposed The
guestions were| answeedall tolerances information
presented to th¢ research follow an ISO | found provides
expert guestions standardand | agoodall-
Answers were | createdand any other roundbalance
noted dowrand | provided a tolerances are | to the thesis.
compared with | better clearly stated.
thosetaken by | understanding
peers. of the research
content

Saturation Consistency Research No important | Data collected
was reviewed | conducted details are remains
by comparing | provides good | missingfrom consistent

the entire
interview
conducted with
that of other

groups.

redundancy.

the technical
drawings all

dimensions ang
tolerances are

clearly stated.

through each

section.
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4.4 Topics for future research

The field of engineering is continuously developing and innovalitagglern manufacturing
methods such ametal powder printingnay be an area of interest. Moreover, while some
research was conducted regarding surface treatments and coatings for the microwave
receiver,further research can be conducted to better understdmedherit improves the
functionality of the devicéy arranging actual test®ining materials for adhesitm®nding

are continuously being developed, thus creating another area ofigidigate research.

It should be noted that overengineering the device may also not provide any benefit.
Spendingmore money and time on perfecting each small detail of the device may not provide
functionality benefits tohe microwavereceiver especially if the device will go into storage

for aconsiderable amount of time before ever being used.
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5 Summary

This research papeaims at finding different manufacturing techniques and considerations

in terms of quality assurance of a microwave receiver used in maritime radar. The research
methods used between the conducted literature review and arranged expert interview helped
gatrer information about the crucial details, such as material selection and device
functionality, among others. Considering the building materials as aluminium alloy 6061
and brass, B researchpaper offers various suggestions as to howmtaintain the
performance of the microwave receiver, such as implementing silver surface coatings in the
resonator cavity to improve its electrical conductivity and potential surface treatments that
can be applied, as well as suggestions as to how to implementmeckeniques during the
milling process that would allow the machine to take into account the wear of the tool bit,
considering how flank and crater wear affect the manufacturing process. Moreover, quality
assurance technigues are discussedigiimaut the paper, diving into topics on how to check

for thread quality, ensure geometric and dimensional tolerances and how they compare with
the technical drawings produced, as well as recommended joining techniques such as
adhesive bonding using epoxyettveen the 6.5 GHz dielectric resonator and glass
positioning bar. Discussions for future research present the idea of using additive
manufacturingtherisks of overengineeringnd diving into modern joining techniques and
materials that can work togetherimprove the overall performance of microwave receivers

used in marine radar systems
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Appendix 3. Geometric tolerances in 3D

Figurel: Flatness tolerance of cover plate
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Figure2: Flatness tolerance of cover plate in 2D



Figure3: Flatnesgolerance #2
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Figure4: Flatness tolerance #2 in 2D



Figure5: Parallelism tolerance #2 view 1

Figure6: Parallelism tolerance #2 view 2



Reference datum

Figure7: Parallelism tolerance #2 in 2D

Figure8: Flatness tolerance #3 view 1



Figure9: Flatness tolerance #3 view 2

Figurel10: Flatness tolerance #3 in 2D



Figurell: Flatness tolerance #4

Figurel2 Flatness tolerance #4 in 2D view 1

Figurel3: Flatness tolerance #4 in 2D view 2



