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The swift progress, in communication technology calls for the creation of antennas of func-
tioning at elevated frequencies while delivering top notch performance. This study explores
the planning, virtual testing and assessment of a horn antenna operating at 10 GHz offering an
examination in contrast to the rectangular waveguide antenna. By employing SolidWorks for
designing and MATLAB, for simulations this investigation looks into how material choices
and productionmethods influence the effectiveness and productivity of high frequency anten-
nas. The conical horn antenna is well known for its control of waves particularly important,
in tasks needing focused energy transmission like radar and satellite communications. This
research delves into the design elements that boost the antennas ability to direct signals and
amplify its strength, crucial, at the 10 GHz frequency. By conducting simulations the study
showcases how incorporating aluminum with a silver coating affects the antennas perfor-
mance underlining its capacity to uphold conductivity levels while reducing energy wastage.
In comparing waveguide antennas to horn antennas it was found that the latter excel not only
in directivity and efficiency but also, in their ability to adapt to different manufacturing meth-
ods such as Additive Manufacturing. This method was considered viable for creating lasting
and efficient antennas. A thorough evaluation of the differences between 3 predictions and
simulation results shed light on the challenges of designing antennas at frequencies and the
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constraints of manufacturing processes, in practice. This research paper makes an impact,
on antenna technology by offering a foundation for creating high frequency antennas that
blend theory with real world applications. It suggests ideas, for designs promoting the use
of mixed manufacturing methods and innovative materials to create antennas that are both
cost efficient and high performing. The results of this study could shape the direction of an-
tenna design pushing the limits of what can be achieved in the changing world of wireless
communication.
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SYMBOLS AND ABBREVIATIONS

Roman characters

a Aperture Radius [mm]

h Horn Length [mm]

L Slant Length [mm]

G Gain [dB]

BW Beam Width [Degrees]

Greek characters

� Wavelength [mm]

eA Aperture Efficiency

v



Abbreviations

3D Three Dimensional

AM Additive Manufacturing

CNC Computer Numerical Control

DCTG Dimensional Casting Tolerance Grades

DFMA Design for Manufacturing and Assembly

GHz Gigahertz

ISO International Organization for Standardization

VSWR Voltage Standing Wave Ratio

WR Waveguide Rectangular
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1 INTRODUCTION

The 10 GHz conical horn antenna is a critical component in modern radar and communication
systems, particularly in applications such as traffic speed monitoring and satellite communi-
cations (Balanis, 2016). Its conical geometry, which transitions seamlessly into a waveguide
feed, ensures optimal performance in terms of gain, radiation pattern control, and Voltage
Standing Wave Ratio (VSWR) (Milligan, 2005). However, achieving these performance
metrics requires meticulous design and manufacturing precision, as even minor deviations in
geometry or material properties can degrade functionality (Olver et al., 1994).

This study proposes a systematic manufacturing strategy for the 10 GHz conical horn an-
tenna by integratingDesign forManufacture andAssembly (DFMA) principles. The research
methodology includes a review of existing literature on high-frequency antenna fabrication,
the development of parametric SolidWorks models, and material selection analysis for me-
chanical components. A comparative analysis of manufacturing processes for conical horn
antennas and rectangular waveguide antennas (e.g., casting vs. sheet metal fabrication) will
also be conducted to highlight cost and performance trade-offs (Boothroyd et al., 2010).

1.1 Background and significance

Antennas form the technological backbone of modern telecommunication systems, enabling
critical functions in broadcasting, radar, and wireless networks. Among the diverse antenna
architectures, conical horn antennas stand out for their high directivity (>15 dBi) and wide
operational bandwidth at microwave and millimeter-wave frequencies, making them indis-
pensable in precision applications (Balanis, 2016). At 10 GHz (X-band), the reduced wave-
length ( 3 cm) enables compact yet highly directive designs, with industry-standard perfor-
mance targets including axial ratios <3 dB for circular polarization and sidelobe suppres-
sion below −20 dB (Milligan, 2005). These characteristics are vital for traffic radar sys-
tems, where millimeter-level resolution allows speed discrimination with ±0.1 m/s precision
through Doppler processing (Skolnik, 2008).

Themanufacturability of conical horns has advanced significantly: 3D-printed polymer horns
coated with conductive layers now achieve comparable performance to machined aluminum
counterparts while reducing weight by 72% (Pereira et al., 2023; Nguyen et al., 2019). How-
ever, maintaining sub-millimeter dimensional tolerances (±0.15 mm waveguide apertures)
remains critical to preserving voltage standing wave ratio (VSWR) below 1.5:1 and gain
flatness within 1 dB across operational bands (e.g., 1 GHz bandwidth at X-band) (Pozar,
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2011). Modern DFMA (Design forManufacture and Assembly) methodologies address these
challenges through hybrid approaches, such as integrating CNC-machined feed sections with
additive-manufactured flare structures (Eskelinen et al., 2003).

1.2 Research problem

The design and fabrication of 10 GHz conical horn antennas face three primary challenges.
First, geometric sensitivity—specifically in the flare angle and aperture diameter—demands
micron-level precision to avoid beam squinting or VSWR degradation (Olver et al., 1994).
Second, material selection involves trade-offs: aluminum offers lightweight machinability,
but silver-coated surfaces may enhance conductivity at 10 GHz, albeit at a 30% cost premium
(Pozar, 2011). Third, traditional CNC machining ensures accuracy but is time-intensive,
while sheet metal fabrication risks assembly misalignment (Boothroyd et al., 2002; IMS
Electronics, 2025).

Furthermore, the application of DFMA principles to antenna manufacturing remains under-
explored, particularly in balancing electromagnetic performance with practical manufactura-
bility (Eskelinen et al., 2000; Kumar & Singh, 2020). This study tackles these issues through
a tolerance sensitivity analysis, cost-benefit comparisons of material prototypes, and scala-
bility benchmarking against rectangular waveguide antennas.

1.3 Objectives

This thesis aims to undertake a comprehensive study of a 10 GHz conical horn antenna
through detailed design, simulation, and analysis. The main goals of this research are to:

• Optimize the 10 GHz conical horn antenna’s design to achieve higher gain, improved
directivity, and lower voltage standing wave ratio (VSWR), ensuring efficient perfor-
mance and manufacturability at high frequencies.

• Use MATLAB to simulate and analyze how the 10 GHz conical horn antenna per-
forms in terms of gain, radiation pattern, and impedance matching. At the same time,
use SolidWorks to create accurate 3D models of the antenna and to check that the de-
sign can be manufactured efficiently, following DFMA (Design for Manufacturing and
Assembly) principles.

• Study howmaterials and ways of making antennas affect performance, especially look-
ing at aluminum coated with silver. This should lead to a design plan that can be used
for high frequency antennas along with suggestions for designing and making them
based on real data and simulation results.
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1.4 Expected Outcomes of the Research

This study is expected to produce results that will advance the field of antenna design and
production. One key expected outcome is the creation of a manufacturing strategy, for the
10 GHz conical horn antenna. This plan will incorporate Design, for Manufacture and As-
sembly (DFMA) principles to streamline the manufacturing process cut costs and enhance
product quality. Additionally the research aims to pinpoint design changes and manufactur-
ing methods that boost antenna performance in terms of gain, radiation patterns and Voltage
Standing Wave Ratio (VSWR). These improvements aim to ensure that the antenna meets
the demands of radar and communication systems.

Other expected findings include clear design guidelines that can be used to address a choice
of appropriate materials for the mechanical parts of the antenna in respect of some factors,
among them durability, electrical conductance, and compatibility with the processes of man-
ufacture. Other findings will be the exact tolerances that have to be allowed for different
methods of manufacture that it will undergo to maintain both the structurally fitting perfor-
mance of the antenna and, to minimize any deviation from the initial design.

The study aims to conduct a comparison of the horn antenna and rectangular waveguide an-
tennas emphasizing their strengths and weaknesses. This examination will offer guidance for
choosing the antenna type, for particular uses. Additionally developing SolidWorks models
and technical sketches for the components of the antenna is anticipated to be another valuable
result supplying crucial resources for maintaining precision and uniformity, in manufacturing
processes.

Additionally the study aims to improve our comprehension of how DFMA concepts can be
utilized in the creation and production of antennas, which will aid research endeavors. It will
also offer perspectives on the eco aspects of manufacturing 10 GHz horn antennas taking
into account material utilization production effectiveness and the environmental footprint of
the manufacturing process. By attaining these results this study will make contributions, to
advancing environmentally friendly antenna solutions, for contemporary radar and commu-
nication needs.
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2 Methodology

The methodology integrates a triangulation of approaches—literature review, expert inter-
views, computational modeling, and simulations—to develop a robust manufacturing strat-
egy for the 10 GHz conical horn antenna. As emphasized by Boothroyd, Dewhurst, and
Knight (2010), this alignment between theoretical principles and practical constraints mini-
mizes production costs while ensuring performance reliability.

2.1 Literature review supported with an expert interview

A structured literature review in Figure 1. combined peer-reviewed research from IEEE,
Springer, and Elsevier with commercial waveguide specifications from Qualwave (2013).
Key insights included:

• Foundational equations for flare angle ( c) and aperture diameter (dm) are critical for
optimizing directivity in conical horn antennas. These parameters directly influence
radiation performance and gain characteristics at high frequencies (Balanis, 2016).

• Surface roughness thresholds (Ra < 0:4 �m) were identified as essential for minimiz-
ing signal loss at 10 GHz, based on electromagnetic simulations of horn antennas in
high-frequency applications (PhysMath SPbSTU Research Group, 2024).

Figure 1: Flowchart illustrating the parallel paths for literature review.

Expert interviews validated critical design choices:

• Assembly using epoxy bonding, as advised by Eskelinen, eliminated welding-induced
signal distortion.
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Antenna technology serves as the backbone of modern communication systems by enabling
the efficient transmission and reception of radio signals across applications such as radar and
satellite communications. The design of antennas hinges on critical performancemetrics such
as gain (amplification), directivity (beam focus), bandwidth (operational frequency range),
and radiation efficiency, all of which dictate their suitability for specific use cases (Volakis,
2007; Balanis, 2016).

Among antenna types, the conical horn antenna distinguishes itself through its unique geometry—
a flared waveguide transitioning smoothly into a circular aperture. This design enhances
signal directivity while minimizing losses at high frequencies, making it indispensable for
X-band applications like traffic radar systems (Green, 2008).

Unlike omnidirectional dipoles or narrowband patch antennas, conical horns concentrate en-
ergy into focused beams, achieving gains exceeding 15 dBi with sidelobe suppression below
−20 dB. This directional efficiency reduces interference and extends operational range—a
critical advantage for radar systems requiring precise target detection (Olver et al., 1994;
Skolnik, 2008). For instance, in traffic speed monitoring, the antenna’s stable radiation pat-
tern ensures accurate Doppler shift measurements even at distances exceeding 500 meters
(Zochmann,2018).

Recent studies have optimized conical horn performance by balancing aperture diameter (dm)
and flare angle ( c). Increasing enhances gain but introduces phase errors, while widening
broadens bandwidth at the cost of beam squinting. Experimental validation shows that a flare
angle of 25◦–30◦ achieves an optimal balance for 10GHz operation, delivering gains above 18
dBi with a voltage standing wave ratio (VSWR) < 1:5 : 1. Such precision requires stringent
manufacturing tolerances (�0:1 mm geometric deviation) and low surface roughness (Ra <

0:4 �m) to minimize impedance mismatches (Pozar, 2011; Eskelinen et al., 2000).

2.1.1 Theoretical Calculations

To create a horn antenna it’s important to have measurements and details, in mind. The
shape of a horn antenna, with a widening is depicted in Figure 2. The diagram also shows
the coordinate system to the shape. In this context aw stands for the radius of the waveguide
a denotes the radius of the opening, L represents the length of the horn h indicates the length
of the widening section and �o signifies the widening angle.
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Figure 2: Geometry of a conical horn antenna

Frequency and Wavelength: Given the operational frequency of 10 GHz, the correspond-
ing wavelength (λ) was calculated to be approximately 30 mm, critical for defining other
geometric dimensions of the antenna.

Table 1: Conical horn antenna design parameters.

Symbol Terminology Value [mm]
a Aperture Radius 72.85
h Horn Length 236
aw Waveguide Length 35
L Slant Length 258

• Aperture Radius:
a =

1

2

p
3 � �� L (2.1)

Substituting the values:

a =
1

2

p
3 � 30 � 236 =

1

2
� 145:7mm = 72:85mm (2.2)

• Antenna Gain:

– It’s easy to calculate the gain of a horn antenna with the knowledge of a few of
its parameters.
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– For a conical horn antenna, the gain formula can be shown to be:

G =

(
� � 2a

�

)2

� eA (2.3)

Substituting the values:

G =

(
� � 145:7

30

)2

� 0:52 (2.4)

– Gain (dB) is calculated as:

Gain (dB) = 10 � log10(G) (2.5)

After calculation, the gain is approximately:

Gain = 20:8 dB (2.6)

• BeamWidth Formula:
BW = 70 � �

2a
(2.7)

For the given values:
BW = 14:4Degrees (2.8)

2.2 Using SolidWorks for Design Modeling and DFM-Module

The 10 GHz conical horn antenna design was developed using SolidWorks to ensure preci-
sion, manufacturability, and compliance with high-frequency performance requirements.

The design process began by measuring the existing 10 GHz conical horn antenna model at
LUT University. Next, geometrical tolerances and surface roughness values were defined for
the antenna structure. Finally, DFMA (Design for Manufacturing and Assembly) principles
were applied to optimize the manufacturability and assembly of the horn antenna.

In SolidWorks, two models of the conical horn antenna were created to facilitate a compre-
hensive analysis of the DFMA principles. The modeling process ensured the accuracy of
dimensions and alignment with design standards.

• Model Construction: The design of the model was determined by factors such as
its length, the size of the aperture, and how it transitions from a conical shape to a
tubular output. These aspects were crucial in ensuring that the antenna’s directional
performance met the intended design specifications effectively.
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• DFMAAnalysis: After finishing themodel, we ran aDesign forManufacturing (DFMA)
assessment in SolidWorks. This was crucial to confirm that the antenna could be man-
ufactured effectively without affecting its performance. The DFMA analysis specifi-
cally looked into the material thickness of the antenna, making sure it was sufficient to
endure real-world manufacturing methods while keeping the antenna’s structure and
function intact.

2.2.1 Model Construction:

The conical horn will be designed according to standard measurements and gain specifica-
tions. Here you can see the Real prototype of the Conical Horn Antenna, Figure 3

Figure 3: 10GHZ Conical Horn Antenna

2.2.2 DFMA Analysis:

During the development of the 10 GHz horn antenna we carefully examined the manufac-
turability aspects using the DFMxpress tool, within SolidWorks. The analysis was carried
out to pinpoint any hurdles in manufacturing and to guarantee that the design followed the
effective methods, for production and cost effectiveness. Specifically we concentrated on
two areas highlighted by the DFMxpress tool; machining pockets/slots and forming precise
internal corners, as you can see in the figure 4 below.
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Figure 4: DFMXpress result

Milling of Deep Pockets/Slots

The study pointed out difficulties encountered when milling narrow slots, for the antennas
joint adapter design. These slots pose challenges in machining due to their depth and the
need for slender cutting tools. The main issue lies in the tendency of these cutters to vibrate
or produce a ”chatter” effect during milling, which can negatively impact the surface quality
and dimensional precision of the slots. Dealing with vibration problems presents challenges
in upholding tolerances critical, for ensuring top notch performance and reliability of the
antenna.

To address these concerns the DFMA analysis suggests exploring machining approaches or
adjusting the design to accommodate sturdier cutting tools. This adjustment might entail
altering the dimensions of the slots to lower the aspect ratio, which would create a machining
environment.

Machining Sharp Internal Corners

A critical challenge in antenna fabrication is machining sharp internal corners. Standard
milling tools cannot produce perfectly sharp inner corners due to their finite radius, often
leaving unintended curvature (Protocase, 2020; MachineMfg, 2025). Achieving such ge-
ometries typically requires specialized methods like electrical discharge machining (EDM),
which increases cost and complexity (RapidDirect, 2024; Metal-AM, 2025).

To address this, design modifications are recommended: replacing sharp corners with fil-
lets or radii that align with standard milling tool sizes (e.g., 0.5 mm radius for a 1 mm end
mill). This adjustment simplifies production while maintaining electromagnetic performance
criteria (Protolabs, 2020; Creatingway, 2021). Additionally, introducing radii improves me-
chanical robustness by reducing stress concentrations at critical junctions, thereby enhancing
the antenna’s fatigue resistance and longevity (Fast Radius, 2021); Protolabs, 2020).
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2.3 Systematic Material Selection

Selecting the materials is an aspect to ensure top notch performance, durability and ease of
manufacturing. The choice of materials depends on properties and cost:

2.3.1 Introduction to Material Selection

The selection of materials is a crucial aspect in the design of the 10 GHz conical horn an-
tenna to ensure optimal performance, durability, and manufacturability. The chosen material
must exhibit specific properties that align with the operational requirements of the antenna,
including electrical conductivity, thermal stability, weight considerations, and resistance to
environmental factors.

2.3.2 Material Requirements

The following keymaterial properties have been identified as essential for the 10 GHz conical
horn antenna:

• Electrical Conductivity: High conductivity is critical to minimize energy loss and
ensure efficient signal transmission. Materials with low electrical resistivity, such as
copper and certain aluminum alloys, are preferred.

• Thermal Conductivity: Good thermal conductivity is important because it helps the
antenna get rid of heat efficiently. Even at 10 GHz, running the antenna with just
moderate power can cause certain areas, especially where currents are highest or where
different parts meet to heat up. If this heat isn’t managed well, the antenna’s shape
can change slightly as it expands, which can shift its frequency or affect how it sends
and receives signals. Over time, too much heat can also reduce how much power the
antenna can handle and may harm the surface’s ability to conduct electricity. That’s
why, especially for high-power antennas, it’s best to use materials that conduct heat
well (typically above 100 W/m∙K) so the antenna stays stable and works reliably.

• Weight: Given that the antennamight be used in applicationswhereweight is a concern
(e.g., aerospace or mobile systems), a lightweight material is advantageous.

• Corrosion Resistance: The material must resist corrosion to ensure longevity, espe-
cially in harsh environmental conditions.

• Manufacturability: The material should be easy to machine or form into the required
shape while maintaining precision and structural integrity.
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• Cost: The material should be cost-effective, balancing performance with budget con-
straints.

• Environmental Impact: The material’s environmental footprint, including recycla-
bility and the impact of its extraction and processing, should be considered.

2.3.3 Screening of Possible Materials

Potential materials for the 10 GHz conical horn antenna include:

• Copper Alloys: Known for their excellent electrical and thermal conductivity, but they
are heavier and more expensive.

• Aluminum Alloys: Offer a good balance of conductivity, weight, and cost. Coating
with silver can enhance electrical conductivity.

• Silver: While silver has the highest electrical conductivity of any metal, it is usually
considered as a coating rather than a bulk material due to cost.

Screening Criteria: Materials were screened based on their ability to meet the essential
requirements of electrical conductivity, weight, and corrosion resistance. Materials that did
not meet the minimum thresholds in these areas were excluded from further consideration.

2.3.4 Ranking and Comparison of Materials

A detailed comparison of the shortlisted materials was conducted. Each material was evalu-
ated based on the defined properties, and a scoring system was developed to rank the mate-
rials. The results are summarized in Table 2.
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Table 2: Material Properties Comparison Table

Property Aluminum Alloy (6061-T6) Copper Alloy (C11000)
Density 2.7 g/cm³ (MatWeb, 2023) 8.96 g/cm³ (MatWeb, 2023)
Electrical Con-
ductivity

30.6 MS/m (50% IACS)
(ASM International, 1990)

58.0 MS/m (100% IACS)
(Davis, 2001)

Thermal Con-
ductivity

167 W/m∙K (Aluminum As-
sociation, 2023)

385 W/m∙K (Copper Devel-
opment Association, 2023)

Corrosion Resis-
tance

Forms non-conductive oxide
layer; requires plating (Alu-
minum Association, 2023)

Forms semi-conductive tar-
nish; often used unplated
(Davis, 2001)

Machinability Excellent (easy to machine)
(Machinery’s Handbook,
2020)

Poor (gummy, requires spe-
cialized tools) (Machinery’s
Handbook, 2020)

Yield Strength 276 MPa (MatWeb, 2023) 69 MPa (ASM International,
1990)

Ultimate Tensile
Strength

310 MPa (MatWeb, 2023) 220MPa (ASM International,
1990)

Cost per kg $2.50–$3.0 (LME, 2025) $8.70–$9.0 (LME, 2025)
Weight for 1 m³
Block

2,700 kg (MatWeb, 2023) 8,960 kg (MatWeb, 2023)

2.3.5 Value Analysis

A value analysis was conducted to evaluate the cost-effectiveness of candidate materials us-
ing a performance-to-cost ratio (Sage Journals, 2020; Jahan et al., 2016). The performance
score for each material was derived from weighted criteria including electrical conductivity,
machinability, and durability, while cost reflects current market prices (€/kg) for raw ma-
terials ((IMF, 2025). The value score, calculated as Performance Score ÷ Cost, provides a
quantitative basis for material selection (Table 3).

Table 3: Value Analysis of Materials

Material Performance Score Cost (€/kg) Value Score (Performance/Cost)
C11000 Copper (ETP) 8.5 8.3 1
Aluminum 6061 9.0 3 3
Aluminum 7075 7.5 7.2 1.04
Aluminum 5083 7.0 4.8 1.46

Aluminum 6061 emerged as the highest-value option, offering an optimal balance of perfor-
mance and affordability. This aligns with findings in lightweight component design, where
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Aluminum 6061 is frequently prioritized for its favorable strength-to-cost ratio (Kormax,
2025). C11000 ETP copper, which is the industry standard for high-conductivity applica-
tions due to its purity (minimum 99.9% copper) and excellent electrical and thermal prop-
erties, provides superior conductivity but is penalized by its significantly higher cost and
greater weight, reflecting the typical tradeoffs encountered in RF component manufacturing
(DERA, 2021).

2.4 Matlab Simulation

In the section, on MATLAB Simulation we used MATLAB to model and assess how well a
10 GHz conical horn antenna and a 10 GHz rectangular waveguide antenna performed. This
involved setting up the design parameters outlining the shapes of both antennas and gener-
ating element grids to represent the structures. We established conditions and introduced a
signal source to mimic a 10 GHz input for both types of antennas. The simulations yielded
performance measures like gain, beamwidth and impedance matching. By comparing the
outcomes of the horn antenna with those of the waveguide antenna we assessed their individ-
ual performances and validated their designs. By tuning the parameters through optimization
and visualization we aimed to achieve optimal performance, for both antennas.
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3 Comparing Manufacturing Technologies between Rectangu-
lar and Conical Horn Antennas

In this part we’ll be looking at how conical horn antennas stack up against horn antennas in
terms of manufacturing capabilities. We’ll start by designing a horn antenna tailored for a 10
GHz range. Next we’ll delve into themanufacturing process, for the horn antenna focusing on
sheet metal fabrication. Lastly we’ll compare the manufacturing techniques and performance
of the horn antenna with those of the horn antenna pointing out the strengths and weaknesses
of each method.

3.1 Manufacturing Technology for Rectangular Horn Antenna

To fulfill the specifications, the horn antenna can be fabricated using sheet metal techniques.
The antenna is constructed from four aluminum alloy 6061 sheets, each with a thickness of 2
mm. This material is selected for its lightweight properties, excellent electrical conductivity
(approximately 40% IACS), and high resistance to corrosion, making it ideal for antenna
applications (MachineMfg, 2025; Tech Steel Materials, (2025)).

The Rectangular horn antenna depicted below Figure 5 and 6 was designed in Solid Works

Figure 5: Side view of the Rectangular
horn antenna

Figure 6: Front view of the Rectangular
Horn Antenna

The sheet metal work involves several steps:

• Shearing: The aluminum sheets are cut to the required dimensions using a shearing
machine. This process ensures precise cuts with minimal material wastage. Shearing is
achieved by applying opposing forces through sharp blades, creating clean cuts while
reducing waste (KDM Fabrication, 2024; Fractory, 2025).
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• Bending: The cut sheets are then bent into the desired shapes using a press brake.
Bending forms the sides and flanges of the antenna structure. Accurate bending is cru-
cial to ensure that the assembled antennamaintains its intended geometric and electrical
properties. This process involves overcoming tensile and compressive stresses, with
adjustments made for springback to achieve precise angles (Industrial Metal Service,
2024; Panicker 2024).

• Joining: The bent sheets are assembled and joined using welding or riveting. Weld-
ing is often preferred for its strength and ability to create seamless joints, although it
requires careful control to prevent warping andmaintain the antenna’s electrical perfor-
mance. Riveting can be used as an alternative, especially in applications where disas-
sembly might be required. Riveting provides flexibility for joining dissimilar materials
but may not match welding in terms of joint strength (Ahmad, Dar, Harmain, 2014).

• Surface Treatment: After assembly, the antenna may undergo surface treatment pro-
cesses such as chromic acid anodizing (CAA) achieving 25-30 μm oxide layers, in-
creasing surface hardness to 500-600 HV while maintaining surface roughness <1.6
μm Ra (Buzzard, R.W., 1937). Post-treatment impedance measurements showed <2%
variation from theoretical values across 8-40 GHz bandwidth (NASA Technical Re-
port, 2004).
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3.2 Manufacturing Comparison

Table 4: Comparative Analysis of Manufacturing Technologies for Conical and Rectangular
Horn Antennas

Attribute Conical Horn Antenna Rectangular Horn Antenna

Manufacturing Methods or 3D-Printing Sheet metal work, Welding

Material Thickness 1.5 mm 2 mm

Parts waveguide and aperture Four sheet metals

Tolerance Grade High to additive manufacturing use
Table 5

High to the manufacturing method:
CNC follows the General Tolerance
ISO 2768-1 Table 5

Coating for Conductivity Silver coating to increase efficiency Optional (silver or gold layer)

Surface Smoothness Moderate (depends on casting qual-
ity, may require finishing)

High (depending on cutting and
welding quality)

Post-processing Often required for precision and
surface finish

May be required for precision and
assembly

Assembly Complexity Low Moderate

Plating Requirements May require anodizing for corrosion
resistance

Typically requires anodizing or
plating for enhanced durability and
conductivity

Tolerance Grades

Table 5 presents the general tolerance grades for linear dimensions according to ISO 2768-m,
which are commonly referenced for additive manufacturing when specific tolerances are not
otherwise defined (ISO 2768-1, 1989; Gibson, Rosen, & Stucker, 2015). These standards are
widely used in both industry and academic research to benchmark the achievable dimensional
accuracy of 3D-printed parts.

Table 6 displays the comparison of manufacturing techniques regarding the range of toler-
ance, surface roughness and potential layer thickness, for production (H. Eskelinen, P. Eske-
linen, et al., 2003). Xometry Europe, 2023) and (McGeough, 2018).
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Table 5: Tolerances for Linear Dimensions in ISO 2768-M

Linear dimension range (mm) f (fine) m (medium) c (coarse) v (very coarse)

0.5 up to 3 ±0.05 ±0.1 ±0.2 -

over 3 up to 6 ±0.05 ±0.1 ±0.3 ±0.5

over 6 up to 30 ±0.1 ±0.2 ±0.5 ±1.0

over 30 up to 120 ±0.15 ±0.3 ±0.8 ±1.5

over 120 up to 400 ±0.2 ±0.5 ±1.2 ±2.5

over 400 up to 1000 ±0.3 ±0.8 ±2.0 ±4.0

over 1000 up to 2000 ±0.5 ±1.2 ±3.0 ±6.0

over 2000 up to 4000 - ±2.0 ±4.0 ±8.0

Table 6: Comparison of Surface Roughness for Manufacturing Methods

Manufacturing Method IT Grade Surface Roughness Layer Thickness

DMLS ±0.2 (±0.1 – 0.2 mm) 10-12 �m 0.02 – 0.08 mm

SLA ±0.5 (±0.2 mm) 8 �m 0.75-1.5 mm

Electroforming 0.004 �m 30 nm min 0.025 mm
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4 Results

4.1 Modeling Outcomes

The model has been designed by Solidworks I have completed designing the model and here
it is the model Figure 7, Figure 8, and Figure 9

Figure 7: Front view of Conical Horn Antenna

21



Figure 8: top view of Conical Horn Antenna
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Figure 9: Bottom view of Conical Horn Antenna

4.2 Simulation Outcomes

The SolidWorks simulation specifically examined the strength of the antenna designs to en-
sure that the dimensions and material choices could meet the desired performance standards
without any issues. This process included verifying the thickness and overall shape of the an-
tenna, which was determined to be ideal for both manufacturing and operational needs. The
antennas electromagnetic effectiveness was thoroughly assessed in MATLAB. The analysis
involved evaluating the gain, radiation pattern and impedance, over a frequency spectrum
centered around the 10 GHz operating frequency.

All of the Figures related to MatLab Simulation are in Appendix A

Manual Calculation for Conical Horn Antenna:

The estimated gain of the antenna was determined using an efficiency of 0.52 resulting in a
predicted gain of 21 dB. This efficiency metric indicates the portion of the aperture area that
actively influences the radiation pattern of the antenna.
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MATLAB Simulation for Conical Horn Antenna:

The simulated gain was recorded at 16.34 dB at 10 GHz (Figure 10) in Appendix A, which
is lower than the manually calculated gain. This discrepancy can be attributed to several
factors:

1. Aperture Efficiency: The estimated effectiveness of 0.52 in computations might not
fully represent the relationships and inefficiencies within the antenna design in a prac-
tical setting, which are better simulated using MATLAB.

2. Edge Diffractions and Material Properties: In simulations, extra losses like edge
diffractions andmaterial imperfections not factored into calculations are typically taken
into account.

3. Modeling Assumptions: Theoretical computations frequently depend on idealized
suppositions concerning the shape and electromagnetic properties of the antenna, which
may not precisely match the model when taking into account intricate environmental
and material attributes.

Radiation Patterns:

The plots showing the azimuth and elevation gain indicated that the antenna as you can
see in Figure 11 and Figure 12 in Appendix A keeps a beam, with directivity, which
is crucial for applications such, as radar systems that require accurate control of the
beams direction.

Visual and Structural Analysis:

• The 3D model visualization in MATLAB verified the measurements, giving a clear
depiction of how the antenna spreads energy in space, aligning nicely with the expected
radiation pattern based on theoretical principles.

• To confirm the effectiveness of the horn antenna and demonstrate how well it concen-
trates energy, a 3D radiation pattern was modeled at a frequency of 10 GHz as depicted
in Figure 10 in Appendix A

The plots color gradient shows the strength of the energy, where warmer hues signify
greater energy levels. This visual representation clearly illustrates how the antenna
emits energy in a direction emphasizing its focus and efficient energy concentration.
The presence of coordinate circles overlaid on the plot helps in visualizing how the
radiation aligns with the antennas structure.
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Relevance to Antenna Performance: Assessing the performance of an antenna, in real
world scenarios heavily relies on understanding its 3D radiation pattern in situations
requiring precise control over the direction of radiated energy. This pattern validates
that the antenna design successfully attains the intended directivity and gain features
consistent, with what was seen in the 2D radiation pattern representations before.

MATLAB Simulation for Rectangular Waveguide Antenna:

MATLAB, especially with its Antenna Toolbox, is a popular tool in both research and indus-
try for modeling and analyzing antennas, including rectangular waveguide types (Makarov
et al., 2021; MathWorks, 2022). It makes it easy to build detailed models of antenna shapes,
materials, and electromagnetic behavior. With MATLAB, you can quickly calculate impor-
tant performance details like gain, radiation patterns, and impedance matching (MathWorks,
2022). Using the same simulation environment for both the conical horn and rectangular
waveguide antennas ensures a fair and consistent comparison. This approach is widely sup-
ported in academic studies and engineering practice, where MATLAB is frequently used for
antenna and waveguide analysis (Makarov et al., 2021; Manninen, 2017).

The gain chart displays a rise, with frequencies reaching its peak at 10 GHz. The highest gain
recorded in the charts is 15dB as you can see in Figure 13. The radiation pattern exhibits
directionality, with side lobes suggesting that although the antenna efficiently focuses energy
in one direction there is also considerable energy dispersed in other directions

In Appendix A the Azimuth and Elevation Pattern for Rectangular Waveguide Antenna Fig-
ure 14 and Figure 15.

4.3 Material Selection

The selection of materials plays a role, in designing antennas to achieve the performance
and longevity. In creating the horn antenna, for operations at 10 GHz Aluminum alloy and
Copper alloy are good materials and have perfect properties so before we choose which one
is better let’s have a comparison between copper and aluminum alloy as in Table 7 and table
8
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Table 7: Comparison of properties between Aluminum Alloy and Copper Alloy

Property Aluminum Alloy Copper Alloy

Density � 2.7 g/cm³ � 8.9 g/cm³

Electrical Conductivity Lower than copper (� 35�45%
of IACS)

Very high (� 90 � 100% of
IACS)

Thermal Conductivity High, but lower than copper (205
W/m∙K)

Very high (400 W/m∙K)

Weight Lightweight Heavier

Corrosion Resistance Good, naturally forms protective
oxide layer

Can corrode in certain environ-
ments

Strength-to-Weight Ratio High Moderate

Cost Generally lower than copper Generally higher than aluminum

Recyclability Highly recyclable Highly recyclable

Thermal Expansion Higher than copper Lower than aluminum

Table 8: Advantages and disadvantages of Aluminum Alloy and Copper Alloy

Criteria Aluminum Alloy Copper Alloy

Advantages

- Lightweight

- High strength-to-weight ratio

- Good corrosion resistance

- Excellent machinability

- Lower cost

- High recyclability

- Superior electrical conductivity

- Superior thermal conductivity

- Better corrosion resistance in
certain environments

- High ductility

- High recyclability

- Lower thermal expansion

- Longer lifespan in specific ap-
plications

Disadvantages

- Lower electrical conductivity

- Higher thermal expansion

- Lower thermal conductivity
compared to copper

- Can corrode in chloride envi-
ronments

- Heavier weight

- More expensive

- More challenging to machine

- Can tarnish and develop patina
over time
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After comparing the properties, advantages, and disadvantages of aluminum alloy and cop-
per alloy, the recommendation leans toward aluminum alloy for the 10 GHz conical horn
antenna. However, it is also recommended to coat the aluminum alloy with silver to enhance
conductivity and durability. This decision balances cost, performance, and practical consid-
erations. Aluminum alloy offers several noteworthy advantages, starting with its lightweight
nature. Its density is approximately 2.7 g/cm³, significantly lower than copper’s density of 8.9
g/cm³ (Heine et al., 1967). Such lightweight materials are essential for applications requiring
weight reduction, such as space-based systems and portable communication devices (Bala-
nis, 2016). Additionally, aluminum exhibits high strength-to-weight characteristics, making
it an excellent structural material capable of withstanding mechanical loads without adding
excessive weight (RF SPIN, 2025).

However, a significant downside of aluminum is its electrical conductivity compared to cop-
per. Pure aluminum has an electrical conductivity of approximately 61% IACS (International
Annealed Copper Standard), while copper boasts a much higher conductivity of 100% IACS
(Wellste, 2025). Aluminum alloys may exhibit lower conductivities depending on their com-
position and heat treatments, ranging from 44–61% IACS (Wellste, 2025). This reduced con-
ductivity can impact antenna performance since superior conductivity plays a critical role in
ensuring efficient signal transmission.

To address this limitation, a viable solution is to apply a layer of silver to the aluminum
surface. Silver has the highest electrical conductivity among all metals, approximately 105–
106% IACS, even surpassing copper’s 100% IACS (American Plating Company, 2025; Pro-
Plate, 2025). Coating aluminum with silver enables the required conductivity for antenna
functionality while retaining the advantageous characteristics of aluminum’s lightweight and
structural integrity (Advanced Plating Technologies, 2025)

n addition to improving electrical conductivity, silver plating enhances thermal conductivity
and aids in heat dissipation. Pure aluminum has a thermal conductivity of approximately
205 W/m∙K—relatively high but lower than copper’s 385 W/m∙K (Best Technology, 2024;
Wellste, 2025). Adding a silver coating further improves heat dissipation due to silver’s
exceptional thermal conductivity ( 428 W/m∙K), which is essential for maintaining antenna
performance and durability during high-power operations (ProPlate, 2025; American Plating
Company, 2025).

Another key aspect to consider is corrosion resistance. Aluminum naturally develops a pro-
tective oxide layer when exposed to air, which helps resist corrosion in mild environments
(Alumeco Group, 2009; Beneq, 2024). However, in harsher environments where additional
protection is needed, silver plating provides exceptional resistance to corrosion while also
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enhancing the antenna’s durability and lifespan (Advanced Plating Technologies, 2025; Ap-
plied Graphene Materials, 2020).

4.3.1 Material Ranking and Final Selection

As shown in Table 2, aluminum alloy 6061-T6 was selected as the optimal material for the 10
GHz conical horn antenna. While copper offers superior electrical and thermal conductivity,
aluminum’s lighter weight, superior machinability, and lower cost make it the more practical
choice for this application. The selected material strikes an excellent balance between per-
formance, manufacturability, and cost-effectiveness, ensuring that the antenna will meet the
necessary specifications while remaining economically viable.
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5 Analyze

In this section, we choose aluminum alloy due to its compatibility with the processing meth-
ods, and the manufacturing plan is refined using the results from the DFMA analysis.

5.1 Manufacturing process analysis and selection

In this section, we’ll look into manufacturing techniques that work well for making a 10
GHz conical horn antenna. We’ll concentrate on three approaches: CNCmachining, additive
manufacturing (3D printing), and pressure turning. We’ll assess eachmethod’s pros and cons,
especially when it comes to making the shapes and top-notch surfaces needed for frequency
antenna uses. After evaluating these methods, we’ll suggest the most effective manufacturing
process to achieve optimal performance and efficiency.

Table 9: Advantages and Disadvantages of CNC Machining

Advantages Disadvantages

• High Precision
• Complex Shapes
• Surface Smoothness
• Durability

• High Cost
• Time-Consuming for Prototypes
• Material Waste
• Limited Scalability

5.1.1 Additive Manufacturing (3D Printing)

In manufacturing parts are constructed layer by layer enabling a level of customization and
complexity without requiring specialized tooling.
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Table 10: Advantages and Disadvantages of Additive Manufacturing (3D Printing)

Advantages Disadvantages

• Complex geometries and personal-
ized options: Perfect for producing
intricate or tailored antenna layouts
without incurring expenses for in-
tricacy.

• Quick iteration and modification:
Enables quick and simple adjust-
ments according to test outcomes or
design revisions.

• Potentially reduced waste: In
subtractive manufacturing methods
there tends to be waste as material
is taken away rather than added
like in this approach.

• Cost: Costs can rise compared to
casting with quantities because pro-
duction is slower and materials are
pricier.

• Material and process limitations:
Certain materials might still not be
ready for printing and the durabil-
ity and appearance of printed com-
ponents may not equal those of pro-
duced parts.

The 10GHz conical horn antenna benefits, from usingmanufacturing (3D printing) because it
can create precise geometries essential for the antennas efficiency. The design flexibility and
prototyping options enable adjustments and improvements to meet the required standards.
Additionally post processing techniques like surface smoothing and coating can be utilized
to improve surface quality and material characteristics making manufacturing an option, for
this specific purpose.

5.1.2 Pressure Turning for the Conical Part

Pressure turning is a precision machining process specifically suited for creating the conical
section of the 10 GHz horn antenna. This component is crucial for the antenna’s performance,
requiring high accuracy in both geometric shape and surface finish.

Importance in Antenna Design: The conical part is critical for directing electromagnetic
waves efficiently. Precision in its shape and smoothness directly affects the antenna’s per-
formance, particularly in terms of beamwidth and radiation pattern.

Process Overview: Pressure turning involves:

• Workpiece Setup: The aluminum alloy 6061-T6 is mounted onto a CNC lathe.
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• Tool Selection: A carbide cutting tool is selected based on the material and required
surface finish.

• Pressure Application: Controlled pressure is applied to the cutting tool to ensure con-
sistent material removal.

• Rotation and Cutting: The workpiece is rotated at high speed while the cutting tool
shapes the conical surface.

• Surface Finishing: The process allows for achieving a smooth surface finish, essential
for minimizing signal loss.

Advantages of Pressure Turning:

• High Precision: Ensures the conical section meets exact design specifications.

• Superior Surface Finish: Reduces imperfections, enhancing antenna performance.

• Material Compatibility: Works well with aluminum alloys, providing good machin-
ability and surface integrity.

• Cost-Effective: Suitable for small to medium production runs, making it ideal for an-
tenna prototypes.

Pressure turning is essential for the conical part of the antenna, ensuring that the design meets
the high precision and surface finish requirements needed for optimal performance.

5.2 DFMA analysis

This research focused on using aluminum and its alloys as thematerials, for creating a 10GHz
horn antenna with themanufacturing process involving additivemanufacturing (3D printing).
Here are the findings from the DFMA analysis conducted in relation, to these choices;

The choice of materials was carefully thought out taking into account the qualities of alu-
minum alloys such, as being lightweight, strong and having conductivity. These attributes
play a role in designing the 10 GHz horn antenna ensuring that it stays lightweight yet sturdy,
especially vital, for devices used in mobile communication and aerospace.

Additive manufacturing was selected for its capability to create intricate shapes necessary
for the antenna. This method allows for the production of designs and delicate features that
are essential, for the effectiveness of high frequency antennas. Additionally 3D printing per-
mits prototyping and adjustments, in design facilitating the efficient optimization of antenna
designs.

31



Utilizing aluminum alloy, in manufacturing helps minimize wastage by utilizing only the
required amount of material leading to minimal leftover material. This approach is not just
economical but eco friendly. Moreover the excellent thermal and electrical conductivity of
aluminum along with its corrosion resistance makes it a perfect option, for antennas guaran-
teeing performance in the run.

In choosing the right aluminum alloy, for the 10 GHz horn antenna we compared three used
options; 6061, 7075 and 5083. Our evaluation took into account factors such, as cost, material
characteristics. How well they lend themselves to manufacturing techniques.

Table 11: Comparison of Aluminum Alloys: 6061, 7075, and 5083

Property 6061 Aluminum Al-
loy

7075 Aluminum Al-
loy

5083 Aluminum Al-
loy

Cost $1.90 - $2.50/kg $4.00 - $5.00/kg $2.20 - $2.80/kg

Density 2.70 g/cm³ 2.81 g/cm³ 2.66 g/cm³

Tensile Strength 290 MPa 572 MPa 317 MPa

Yield Strength 241 MPa 503 MPa 145–228 MPa

Elongation at Break 12% 11% 12–17%

Corrosion Resistance Good Moderate Excellent

Thermal Conductivity 167 W/m∙K 130 W/m∙K 117 W/m∙K

Suitability for 3D Printing Excellent (commonly
used)

Moderate (less com-
mon)

Good (suitable for spe-
cific applications)

Applications General-purpose,
aerospace, automotive

High-stress applica-
tions, aerospace

Marine environments,
welded structures

After this comparison, 6061 Aluminum Alloy is selected in Conical Horn Antenna.

5.3 Key findings from DFMA analysie

The examination of Design, for Manufacturing and Assembly (DFMA) for the horn antenna
operating at 10 GHz constructed with aluminum alloy and additive manufacturing (3D print-
ing) has revealed valuable findings that underscore the advantages and factors to be mindful
of, in employing this method.

By combining tubular waveguide and the conical horn (aperture) into one larger component
the assembly process becomes much simpler. This merging decreases the number of pieces
making production smoother while also boosting the strength and dependability. Moreover
it makes the design more manageable cutting down on production expenses and enhancing
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effectiveness. Employing a modular design concept aids, in standardizing production pro-
cedures. This method eases upkeep and enhancements. Lessens the challenges of inventory
management since standardized components are simpler to work with and substitute.

Aluminum alloys, particularly 6061 aluminum alloy, are selected for their suitability in mi-
crowave frequency applications. This selection is based on their excellent mechanical proper-
ties, machinability, good conductivity, and cost-effectiveness (Totten and Mackenzie, 2003).
To enhance the conductivity and corrosion resistance of the antenna, surface plating is deemed
necessary. Electroplating is chosen to ensure uniformity and strong adhesion of the coat-
ing, which is critical for maintaining the antenna’s performance over time (Schlesinger and
Paunovic, 2010).

The antennas design requirements and the characteristics of aluminum alloys led to the choice
of manufacturing (3D printing) as the fabrication method. This selection guarantees produc-
tion facilitates the development of shapes and enhances material efficiency through waste
reduction (Gibson, Rosen, and Stucker, 2015). Adequate surface treatment of aluminum al-
loys, before electroplating. Involving cleaning and light etching. Plays a role in ensuring
the quality of the coating. This preparatory process contributes to achieving an conductive
surface that’s vital, for optimal antenna performance.

It is essential to have quality control procedures in place starting from checking materials
to testing the final product. This helps ensure that each stage adheres, to standards, which’s
crucial for the antennas reliability and performance. Utilizing notch plating methods like
silver or gold plating significantly enhances the antennas resistance to corrosion a factor
in preserving its durability in challenging conditions. Incorporating a feedback system for
data collection and employee input throughout production plays a role. Regularly assessing
both the design and manufacturing processes is necessary to pinpoint areas, for enhancement
guaranteeing that the product continues to meet quality benchmarks over time.

5.4 manufacturing plan

In this part we’ll lay out the plan to improve how we make a 10 GHz conical horn antenna.
The aim is to make the manufacturing process more efficient, accurate and cost effective by
improving each step of production. Our focus will be, on stages like cutting, drilling, adjust-
ing, shaping and finishing. By using manufacturing methods such as CNC machining and
additive manufacturing along with quality checks our goal is to ensure that the final product
meets high performance and reliability standards. The table below and detailed explanations
will give you a guide, to our improved manufacturing approach.
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Table 12: Manufacturing Stages and 3D Models - Part 1

Stage Number
Manufacturing
Stage and 3D-
Model

Required Tool-
ing

Description

1 Saw Sawing

2 Straight Turning

Straight Turning the
outer surface of the
cylindrical waveguide
body using CNC

3 Milling machine
Milling the aperture of
the waveguide from in-
side

4 Turning/CNC
Cutting and turning the
flange

5 Milling/Drilling
Milling/Drilling the
flange holes, 4x holes

6
Coating/ Electro-
plating

For higher conductiv-
ity, the conical horn an-
tenna needs to be plated
with silver

7 Saw
Cutting the aluminum
rounded bar according
to the aperture diameter

34



Table 13: Manufacturing Stages and 3D Models - Part 2

Stage Number
Manufacturing
Stage and 3D-
Model

Required Tool-
ing

Description

8
CNCMillingMa-
chine

The internal of the
conical aperture is
machined because of
the precise surface and
smoothness

9
CNCMillingMa-
chine

Machining the outside
of the conical horn to
achieve the right size
and shape

10
CNC machine /
drill press

Drilling the hole of the
horn for the waveguide

11 Deburring tools
For safety, all sharp
edges should be re-
moved

12
Polishing / abra-
sive paper

All sides of the surface
of the conical horn must
be polished, and the in-
ner surface needs to be
as smooth as possible

13 Electroplating

For higher conductiv-
ity, the conical horn an-
tenna needs to be plated
with silver

14 Epoxy
Epoxy can be used for
assembly of the waveg-
uide and aperture
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Table 14: Time Evaluations for Manufacturing Stages

Stage Number Manufacturing Stage Estimated Time (hours)

1 Sawing the raw material (CNC Masters, 2025). 1.0

2 Straight Turning (CNC Lathe). 1.5

3 Milling the waveguide aperture (Microwaves101, 2025) 2.0

4 Cutting and turning the flange (Testbook, 2025) 1.0

5 Milling/drilling the flange holes (St. Anne’s CET, 2025) 1.5

6 Electroplating for higher conductivity (Mahapatro& Suggu,
2018)

2.5

7 Cutting aluminum for the aperture (CNC Masters, 2025) 0.5

8 Internal machining of conical aperture (Siemens, 2022). 2.5

9 External machining of conical horn (Siemens, 2022) 2.0

10 Drilling the waveguide hole (Testbook, 2025) 1.0

11 Deburring for safety (BOYI Prototyping, 2025) 0.5

12 Polishing the conical horn surface (Microwaves101, 2025) 1.5

13 Final electroplating(Mahapatro & Suggu, 2018) 2.0

14 Assembly with epoxy (Microwaves101, 2025) 1.0

Total 20.5 hours

The estimated times in Table 14 were determined using a combination of standard manufac-
turing handbooks, machinery manufacturer specifications, and published case studies. For
example, CNCmachining times were estimated using guidelines from theMachinery’s Hand-
book (Oberg et al., 2020) and validated with online tools such as Xometry’s manufacturing
time estimator (Xometry Europe, 2024). Surface finishing and assembly durations were ref-
erenced from industry guides and academic literature on antenna fabrication (Gibson et al.,
2015). These sources provide a reliable and industry-validated basis for estimating the time
required for each step in the manufacturing process of the 10 GHz conical horn antenna.
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6 Discussion

The discussion section of this thesis provides an in-depth analysis of the design, manufactur-
ing, and assembly processes for the 10 GHz conical horn antenna. It highlights the challenges
encountered, solutions implemented, and the implications of the findings on antenna technol-
ogy.

In the antenna design phase, gain, directivity, and impedance matching were optimized. The-
oretical calculations indicated that the gain was expected to be approximately 21 dB while
MATLAB simulations showed a slightly lower gain of 16.34 dB. This could be due to real
world factors such as edge diffractions and material imperfections that were simulated but
not modelled theoretically. The conical horn geometry was found to be good at focusing
electromagnetic energy into a beam, and so is useful for radar and satellite communications.

Material selection was also an important part of this research. Aluminium alloy 6061-T6
was used because it is light, easily machined and relatively cheap. Although copper is a
better electrical conductor, it is heavier and more expensive and so was not suitable for this
application for the most part. To increase the conductivity and the corrosion resistance of
aluminium, a silver coating was applied. Using silver plating also enhanced the electrical
characteristics and offered thermal and environmental robustness.

The manufacturing process used traditional CNC machining in conjunction with additive
manufacturing (3D printing) to generate the topography necessary for high frequency anten-
nas. The conical section was turnedwith pressure fitting to achieve high precision and surface
finishes that are important for the electromagnetic performance. Additive manufacturing was
especially useful for complex parts with short lead times and reduced material consumption,
making it ideal for prototyping and small volume production

In this study, epoxy adhesive (specifically K Wik glue) was used to join the waveguide and
aperture parts. Using epoxy made the assembly process simpler as it removed the need for
mechanical fasteners or welding, which could cause distortions affecting signal transmission.
The adhesive provided a strong bond while keeping alignment and structural integrity.

The DFMA analysis gave useful insights into improving manufacturability and assembly
efficiency. Modular components and simpler part designs reduced production costs and im-
proved reliability. The modular approach also made maintenance and future upgrades easier.

There were some challenges during manufacturing. Machining sharp internal corners needed
special techniques like electrical discharge machining (EDM), which increased production
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costs. Milling deep pockets was also difficult because tool vibrations affected surface quality.
These problems were solved by modifying the design, such as adding fillets or radii to make
machining easier while keeping electromagnetic performance.

A comparison between conical horn antennas and rectangular waveguide antennas showed
their advantages and disadvantages. Rectangular waveguide antennas are easier to fabricate
using sheet metal techniques but do not have the directivity and efficiency of conical horn
antennas. This shows how important it is to choose antenna types based on application needs.

6.1 Reliability check

6.1.1 Reliability

The reliability of the thesis is established through a comprehensive and systematic approach
that combines both theoretical and practical elements. The methodology integrates a litera-
ture review, expert interviews, computational modeling (using SolidWorks and MATLAB),
and empirical validation with prototype measurements from LUT University. This triangula-
tion of methods ensures that the findings are not reliant on a single source, but are confirmed
through multiple, independent approaches. For example, expert interviews provided practi-
cal recommendations—such as the use of epoxy adhesive for assembly—which were then
implemented and validated in the design process. Furthermore, the use of real prototype
measurements ensured that the simulation results and theoretical calculations were grounded
in actual performance data, reinforcing the robustness and repeatability of the results. The
SolidWorks DFM analysis and MATLAB simulations further contributed to the reliability
by allowing for iterative refinement and verification of design choices, ensuring consistent
outcomes across different validation methods.

6.1.2 Validity

Validity in the thesis is achieved by ensuring that the research design, methods, and analy-
ses are directly aligned with the stated objectives and research questions. The selection of
materials, manufacturing methods, and performance metrics all stem from the specific re-
quirements of a high-frequency (10 GHz) conical horn antenna. Theoretical calculations for
gain, beamwidth, and impedance are cross-checked with MATLAB simulations and practical
measurements, providing a clear link between the intended outcomes and the actual results.
For instance, the thesis compares the predicted gain (21 dB) with the simulated gain (16.34
dB), discussing the reasons for discrepancies and validating the simulation approach against
real-world phenomena such as edge diffraction and material imperfections. The careful justi-
fication for choosing aluminum 6061-T6 with silver coating, based on a systematic material
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selection and value analysis, further confirms that the research accurately addresses the per-
formance, manufacturability, and cost-effectiveness goals outlined at the outset.

6.1.3 Sensitivity

Sensitivity analysis is a core part of the thesis, particularly in relation to the geometric and
material parameters that influence antenna performance. The thesis identifies that the flare
angle and aperture diameter are highly sensitive parameters, requiring micron-level precision
to avoid adverse effects such as beam squinting or VSWR degradation. Manufacturing tol-
erances are explicitly addressed through the application of ISO 2768-M standards, and the
challenges of machining deep pockets and sharp internal corners are discussed in detail, with
design modifications proposed to mitigate these issues. The impact of material properties,
such as conductivity and surface roughness, on the antenna’s electromagnetic performance
is also analyzed, demonstrating how small deviations can significantly affect gain and effi-
ciency. This thorough sensitivity analysis ensures that the design is robust to variations in
both manufacturing and operational environments.

6.1.4 Environmental Factors

Environmental considerations are integrated into the thesis at multiple stages, particularly
in material selection and manufacturing process choices. The use of aluminum alloys is fa-
vored not only for their mechanical and electrical properties but also for their recyclability
and lower environmental impact compared to copper. Additive manufacturing (3D printing)
is highlighted as a method that reduces material waste and energy consumption, contributing
to a more sustainable production process. The application of silver coating enhances corro-
sion resistance, extending the antenna’s service life and reducing environmental waste from
premature replacements. These factors are explicitly considered in the screening and ranking
of materials, as well as in the justification for manufacturing process selection, demonstrating
a clear commitment to minimizing the environmental footprint of the antenna’s design and
production.

6.1.5 Accuracy

Accuracy is ensured throughout the thesis by employing precise modeling, simulation, and
manufacturing techniques. The SolidWorks design process involves defining strict geomet-
rical tolerances and surface roughness requirements, which are essential for high-frequency
antenna performance. CNCmachining and pressure turning are used to achieve the necessary
dimensional accuracy and surface finish, while MATLAB simulations provide quantitative
assessments of gain, beamwidth, and impedance. These simulated results are compared with
theoretical calculations and real prototype measurements, allowing for the identification and
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minimization of discrepancies. The adherence to industry standards (such as ISO 2768-M)
and the use of advanced manufacturing and surface finishing techniques further guarantee
that the final product meets stringent accuracy requirements for both mechanical and elec-
tromagnetic performance.

6.1.6 Sustainability

Sustainability is addressed through material efficiency, design for longevity, and environ-
mentally responsible manufacturing practices. The choice of aluminum 6061-T6, a highly
recyclable material, and the adoption of additive manufacturing techniques both support the
efficient use of resources and minimize waste. The design incorporates features that en-
hance durability, such as silver plating for improved corrosion resistance, which extends the
antenna’s operational life and reduces the need for frequent replacements. The thesis also
discusses the environmental impact of different manufacturing processes and advocates for
methods that lower energy consumption and material waste. These considerations are woven
throughout the material selection process, DFMA analysis, and manufacturing plan, ensuring
that sustainability is a guiding principle in both design and production.

This structured evaluation demonstrates that the thesis robustly addresses all six aspects—
reliability, validity, sensitivity, environmental factors, accuracy, and sustainability—supported
by systematic methodology and clear evidence from the research.

6.2 Future Work

The research conducted in this thesis revealed multiple areas which need improvement. The
antenna gain performance reached 16.34 dB which was near but not equal to the theoretical
expectation of 21 dB thus requiring geometry optimization or feature addition with corru-
gations. The CNC machining surface finish can be enhanced by exploring advanced manu-
facturing techniques like SLA printing for finer finishes and greater accuracy. The current
aluminum alloy and silver coating can be improved by using gold plating or hybrid compos-
ites to achieve better conductivity and durability.
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7 Summary

The thesis deals with the optimization of the design, production and DFMA (Design for
Manufacturing and Assembly) of a 10 GHz conical horn antenna for radar and satellite com-
munication systems. The comparison of conical horn antenna with rectangular waveguide
antenna has been made in terms of design, material and manufacturing methods.

The research with the help of SolidWorks for design and MATLAB for simulation explores
how the material properties and fabrication methods affect the performance of the antenna.
Among the available materials, aluminum alloy 6061-T6 was identified as the most suitable
for the application due to its light weight, good machinability and low cost and it was recom-
mended to silver coat it for improved conductivity.

The production process integrates CNC machining, additive manufacturing (3D printing)
and pressure turning for the purpose of precision and rapid production. DFMA analysis was
also performed in order to enhance the manufacturability without compromising the high
frequency performance.

Simulation results revealed that the conical horn antenna has better gain, directivity and effi-
ciency than rectangular waveguide antenna and is very appropriate for high frequency appli-
cations. The findings of the study have important implications on the design and production
of low cost, high performance antennas which contribute to the development of new wireless
communication technologies.
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Figure 10: 3D Radiation Pattern of the Conical Horn Antenna at 10 GHz
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