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Abstract

Ansys HFSS was used to simulate two waveguides and a dipole antenna. This report
describes the methodology for this analysis and discusses the results, including
consideration of accuracy and comparison to simulation, overall concluding the
suitability of HFSS for simulation of electromagnetic radiation in the context of
waveguides and dipole antennas.
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1 Introduction

In electromagnetic systems engineering, modelling software can be used to predict the
performance and behaviour of designs and concepts. In this report, Ansys Electronics,
with the HFSS module, was used to simulate two waveguides and a dipole antenna.

A waveguide is a structure which is used to guide a wave with minimal energy loss, and
is typically used to direct high-frequency waves such as microwaves and radio waves [1]
[2]. These can be used in the Ordnance, Munitions, and Explosives (OME) sector as
part of communication, tracking, and targeting systems, to direct electromagnetic
waves in a specific direction

A dipole antenna is a straight, conductive wire, divided into two equal parts, with the
feed coming from the centre [3] [4]. It is used to convert electrical current into
electromagnetic waves and vice-versa allowing for the transmission and receiving of
signals.
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2 Method
2.1 Waveguide Method

Two waveguides were modelled, one with walls made of Perfect Electric Conductor
(PEC), and filled with Vacuum, and one with walls also made of PEC, but filled with

Teflon. The models were created in line with a supplied method [5], which is detailed
below.

First, a box was drawn with dimensions 21 x 7 x 50 mm to create a rectangular prism,

with ‘Vacuum’ being selected as the material for the first waveguide, and ‘Teflon’ for
the second.

| CEX
G s Ansys
£ 9 vacuum STUDENT
o< El
@l Cocrdinate System
-8 Panes

B Liste

.'.‘.'I

] 20 40 jmm)

Figure 1: The PEC/Vacuum Waveguide Highlighted in HFSS

Properties: EMR_L5_PEC_Vaccum_Waveguide - HFS5Design1 - Modeler x
Command ]
Name Value ] Unit | Evaluated Valuel Description |

Command CreateBox

Coordinate Sys... Global

Posttion 000 mm Omm , Omm , Omm

XSize 21 mim 21mm

YSize 7 mm Tmm

Z5ize 50 mm 50mm

[~ Show Hidden
oK I Cancel

Figure 2: The Dimensions of the PEC/Vacuum Waveguide

Next, the four walls of the waveguide were selected and assigned the ‘Perfect E'
boundary condition, representing a Perfect Electrical Conductor.
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Ansys
2024 R2
STUDENT

Y

4

,ﬂ“"

Z

0 20 40 (mm)

Figure 3: The PEC Walls of the Rectangular Waveguide Highlighted

Once the boundary condition was assigned, excitations were assigned at each port of
the waveguide, each with 3 modes.
Ansys

2024 R2
STUDENT

0 20 40 (mm)

Figure 4: One of the Wave Port Excitation Highlighted on the Rectangular Waveguide
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Wave Port X

Generdl | Post Processing | Defauits |

Name: |1

Number of Modes: |3

Mode | Integration Line | Characteristic Impedance (Zo)
1 None Zpi
2 None Zpi
3 None Zpi
Mode Alignment and Polarity:

(% Set mode polarity using integration lines
" Align modes using integration lines
" Align modes anahtically using coordinate system
U Auds Line: ILIndehned _-] W ReverseV Directior

[~ Fiter modes for reporter
Use Defaults

Figure 5: The Mode Settings Used for Both Wave Port Excitations

Once both wave ports were set up, the solution set up was added to the system. A
frequency sweep with go passes at 7GHz was selected, with a starting frequency of
2GHz and a final frequency of 30GHz.
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Driven Solution Setup
General | Mesh/Solution Options | Adaptive Options | Advanced | Expression Cache | Dervatives | Defauits |

Setup Name [Setuo1]

¥ Enabled |~ Solve Ports Only
Adaptive Solutions

Solution Frequency: (% single " Multi-Frequendes "~ Broadband

Frequency | 7 ‘Cﬁz d
Maximum Number of Passes | 90
(¥ Mandmum Delts 5 0.02

™ Use Matrix Convergence M |

Use Defauits

HPC and Analysis Options. ..

Figure 6: The solution setup for the Rectangular Wavequide
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Edit Frequency Sweep X

General I Interpolation | Defautts |

Sweep Name: | [V Enabled
Sweep Type: |Interpulat'ng bl |

Frequency Sweeps [401 points defined]

i Linear Count

Add Above Add Below Delete Selection | Preview ..
3D Fields Save Options Time Domain C e ‘
¥ Save Fields (A Basis Fregs) E——
= alfE Uy ooive
[~ Save radiated fields only & A
" Manual - Allow for frequencies shove

oK | Cancel |

Figure 7: The Frequency Sweep Setup for the Rectangular Waveguide

Once the solution setup was complete, the simulation was validated and run, and the
results analysed as discussed in Section 3.
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2.2 Dipole Antenna Method

The Dipole Antenna was designed to radiate at a wavelength of 2umm in line with the
task briefing [6]. This allows the required length of the halfwave dipole antenna to be
calculated using the equation below

A
L= E,where Ais the wavelength and L is the length of the antenna

Equation 1: The Equation for the Length of a Half-Wave Dipole Antenna [3]
Thus, the length of the dipole antenna can be expressed as:

211
L= T: 105.5mm

Equation 2: Calculation of the Length of the Simulated Dipole Antenna

Then, using the equation for frequency, given below, the expected operating frequency
of the antenna can be calculated.

e
f= 1 ,where [ is the frequency,c is the speed of light,and A is the wavelength

Equation 3: The Equation for the Frequency of @ Wave based on its Wavelength [3]

3 x 108

0211 - 1.42GHz

f=

Equation 4: Calculation of the Theoretical Operating Frequency of the Simulated Dipole
Antenna

Once HFSS had been configured in line with the method in [7], the following steps
were carried out.

First, a cylinder was created with a radius of imm and a length of 105.5mm, centred on
the co-ordinates (0,0,52.75) and assigned the material PEC.

Name | Value | unit | Evaluated Value | Description |
Command CreateCylinder
" |Coordinate Sys...| Giobal
" |Center Postion 0.0 10552 mm  |Omm,Omm, 5.
A z
] Radius 1 mm mm
" | Height 1055 mm  1055mm
| Mumber of Seg...0 0

Figure 8: The cylinder Characteristics used to create the dipole antenna
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Next, the cylinder was copied and pasted to create a second cylinder, and its
dimensions were changed to be a radius of immm, and a length of imm, placed at the
centre of the dipole cylinder. This smaller cylinder’s material was then set to ‘vacuum'.

Using the Boolean function in HFSS, this smaller cylinder was subtracted from the
main dipole to create a imm gap in the centre. This gap was then selected and a lump
port was created in the YZ plane.

Ansys
2024 R2
STUDENT

e —
0 ] 2 (mm})

Figure 9: The Lumped Port shown in the gap of the Dipole Antenna

Next, an excitation was assigned to this port with an integration line running from
bottom to top.
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Ansys

2024 R2
STUDENT
z
{
»
N2
[
0 15 3 (mm)
Figure 10: The Excitation for the Dipole
Next, an open region was created, with an operating frequency set at 1GHz.
Ansys
P 2024 R2
L~ \ M\ STUDENT

7 N y

0 150 300 (mm)

Figure 11: The Open Region and its boundaries for the Dipole Analysis
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Once this was completed, the solution was set up with the parameters shown below.

Driven Solution Setup

General | Mash/Solution Options I Adaptive Options } Advanced | Expression Cache | Dervatives ] Ddauhs]

Setup Name [Setup1}

¥ Enabled [~ Solve Ports Only

Adaptive Solutions

SoluionFrequency: @ Single  ( MuliFrequences  ( Broadband

|otz |

Frequency

|14
E

0.02

Maximum Number of Passes
 Maximum Delta 5

" Use Matrix Convergence

Use Defaults |

HPC and Analysis Options...

cors

Figure 12: The Solution Setup for the Dipole Simulation
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Edit Frequency Sweep x
General I Interpolation I Defaults I
Sweep Neme:  [ERERY v Enabled

Sweep Type: Interpolating hd

Frequency Sweeps [401 points defined]

Distribution Start End

i Linear Count 0 Points

Add Above Add Below Defete Selection | Preview...

3D Fields Save Options

Time Domain Calculation... |
[~ Save Fields (At Basis Fregs)

S Matrix Only Solve
[T Save radiated fields only & Ao

" Manual - Allow for frequencies above

i [z <]
[ ok ] cancel |

Figure 13: The Solution Sweep Setup for the Dipole Simulation

‘When the solution was set up and validated, the simulation was run, producing the
results shown in Section 3.2.
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3 Results
3.1 Waveguide Results

3.1.1 Calculations

In order to analyse the results produced by the simulation, it is necessary to calculate
the predicted cutoff frequencies, using the equations given in [2] and [8], and
reproduced below.

o=t By

Where:

f. is the Cutof f Frequency

cis the Speed of Light

m is the Number of Half Wavelength Variations of the Electric or Magnetic Field in the Width
of the Waveguide

n is the Number of Half Wavelength Variations of the Electric or Magnetic Field in the Height
of the Waveguide

m s the Width of the Waveguide

n is the Height of the Waveguide

Equation 5: The Equation for Cutoff Frequency in a Rectangular Waveguide [2] [8]
1

VEL
Where:
cisthe Speed of Light in a Medium
£ is the Permittivity of the Medium
wis the Permeability of the Medium

Equation 6: The Equation for the Relative Speed of Light in a Medium [2] [8]

These equations allow the cutoff frequencies for the simulated waveguides to be
calculated. For a vacuum, the speed of light is known to be 3x10°ms™, however this will
have to be calculated for Teflon.

_3><108 m 2+(n)2
Je= 2 (0.021) 0.007

Inthe TE,; mode,m = 1,n = 0,therefore f. = 7.14GHz
Inthe TE,g mode,m = 2,n = 0, therefore f, = 14.29GHz
In the TE;, mode,m = 3,n = 0, therefore f, = 21.43GHz

Equation 7: The calculation for the Cutoff Frequencies of the PEC/Vacuum Waveguide
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In the Ansys materials database, the values of £ and p are given as 2.1 and 1 respectively,
hence using Equation 2, the speed of light in Teflon can be calculated.

1
Creflon = Nxi X 3x10°

~ Crefion = 2.07 X 10%ms™?
Equation 8: Calculation of the speed of light in Teflon

Using this value for C, the cutoff frequencies for the Teflon waveguide can be
calculated as shown below.

_2.07)(108 m ( n )
fe=— G021 T G007

inthe TE;y mode,m = 1,n = 0,therefore f, = 4.93GHz
Inthe TE,, mode,m = 2,n = 0, therefore f. = 9.86GHz
In the TE;g mode, m = = 0, therefore f. = 14.79GHz

2

3.1.2 Simulation Results

In a rectangular waveguide, the TE,, mode is the dominant mode [g], as seen below for
both the Vacuum and Teflon Waveguides.

X=—=dZ h
:

L

[] 45 9 (mm)

Figure 14: The TE10 Mode of the Vacuum Waveguide
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In addition, both waveguides exhibit the TE., and TE;, modes, as calculated in Section

311

o
Figure 15: The TE10 Mode of the Teflon Waveguide
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Figure 16: The TE20 Mode
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Figure 17: The TE30 Mode

The Magnitudes and Vectors of the Electric and Magnetic Fields were also Obtained as

shown below.

E Field [Vim]
Max: 6442 968
6500
l 5850
5200
4550
3900
3250
2600
1950
1300
l 650
v]
Min: _ 0.000

]
i

¥ 0 10 20 (mm)

Figure 18: The E Field Magnitude for the Vacuum Waveguide at 7.25GHz

Ansys
2024 R2
STUDENT
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E Field [V/im] Ansys
Max 6442 568 sl

STUDENT
6500
E
5200

(] 10 20 (mm)

Figure 19: The E Field Magnitude for the Vacuum Waveguide at 14.32GHz

E Field [Vim] A?u? s
Max: 13287 462

STUDENT
14000
. )
11200

0 10 20 {rom)

Figure 20: The E Field Magnitude for the Vacuum Waveguide at 21.47GHz
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E Field [Vim Ansys
¢ ?DB?’R?
Max; 13287 462 STUDENT
14000 ki

l 12600
11200
9800

8400

7000

5600

4200

2800
. 1400
0

Min: __ 0.000

0 =

/ —

¥ 0 T 20 (mm)

Figure 21: The E Field Vectors for the Vacuum Waveguide at 7.25GHz

E Field [V/m] Ansys
e 12787 462 STUENT
l 14000

12600 [

11200 h TN, e ”f | § !

Pl peekt g d )

:£ bL‘,..LJI“J"{JIi..h.:arftf}‘,,_“‘ﬁ ,ff'{ji‘l? ¥y

| VES N

4200 R E i}’

2800 A
l 1400 } “

0

Min.__0.000

3 8y

1 :

Al 0 10 20 (mm)

Figure 22: The E Field vectors for the Vacuum Waveguide at 14.32GHz
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E Field [Vim] Ansys
Max 13287 462 1

STUDENT

14000 :
12600 ', ¥ Sohtd by
l 11200 jj!Jl'.LI‘h‘ ' o !.#‘. T?J F
; Ny i N em, ST e X
8400 mu"m',{.,"J},";'}“_u;'ﬂ"*- =4
AL =)

¥ 0 10 20 (mm)

Figure 23: The E Field Vectors for the Vacuum Waveguide at 21.47GHz

H Field Ansys

[AIm] STUDENT
Max: 14.006

150
l 135
120
105
90
75
60
45
30
15
oo
Min: 0.000

a2
ST
AL Ly T

(1] 10 20 (mm)

Figure 24: The H Field Magnitude for the Vacuum Waveguide at 7.25GHz
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H Field Ansys
[AIm] | Tl
1 | STUDENT

¥ | l; 10 20 jmm)
Figure 25: The H Field Magnitude for the Vacuum Waveguide at 14.32GHz

H Field Anmgyu.';
[A/m] I i STUDENT

20 {mm}

)
=]

Figure 26: The H Field Magnitude for the Vacuum Waveguide at 21.47GHz
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o 10 20 (mm)
Figure 27: The H Field Vectors for the Vacuum Waveguide at 7.25GHz

H Field ;v!\;nEI ? Rsi.'
[Afl'ﬂ] STUDENT
Max: 30.435

3.0
l 279
248

217
186

15.5
- 124
93
62
l 31
00

Min: 0.001

o
] :

il 0 10 20 (mm)

Figure 28: The H Field Vectors for the Vacuum Waveguide at 14.32GHz
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H Field
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Ansys
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STUDENT

40 {mm)

10

0.000

Figure 29: The H Field Vectors for the Vacuum Waveguide at 21.47GHz

Min

Figure 30: the E Field Magnitude for the Teflon Waveguide at 4.625GHz

PAGE 26




E Field [Vim] Ansys
Max: 1764 49 STUDENT
1800
. 1620
1440
1260
1080
900
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360
180
0
Min:_0.000
Y
A
X \u‘-d

0 2 40 (mm)

Figure 31: The E Field Magnitude for the Teflon Waveguide at 9.875GHz

E Field [Vim] Ansts
Max: 13406.959 STUDENT
14000
l 12600
11200
5800
B400
7000
| e
4200
2800
l 1400
0
Min: _ 0.000

1] 20 40 {mm)

Figure 32: The E Field Magnitude for the Teflon Waveguide at 14.78GHz
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14000

l 12600
11200
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7000

o
4200
2800

l 1400
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)

L] 20 40 (mm)

Figure 33: The E Field Vectors for the Teflon Waveguide at 4.625GHz

E Field [Vim] A?u? R!i"
Max: 13406.959 STUDENT
14000
B oo
11200
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B400
7000
M o
4200
2800
l 1400
o
Min:_ 0.000

}
X uoj—?
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Figure 34: The E Field Vectors for the Teflon Waveguide at 9.875GHz
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E Field [Vim] A;‘n? I?Z

Max: 13406.958 STUDENT

14000
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Figure 35: The E Field vectors for the Teflon Waveguide at 14.85GHz
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2024 R2

[Afm] STUDENT
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1225

10.50
875
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Figure 36: The H Field Magnitude for the Teflon Waveguide at 4.87GHz
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[
0 20 40 (mm)

Figure 37: The H Field Magnitude for the Teflon Waveguide at 9.875GHz

H Field Ansys
2024 R2

(a/m] STUDENT

0 bl 40 {mm)

Figure 38: The H Field Magnitude for the Teflon Waveguide at 14.85GHz
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H Field Ansys

2R
[Am] STUDENT
WMax 35039
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¥
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Q
Figure 39: The H Field Vectors for the Teflon Waveguide at 4.87GHz
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Figure 40: The H Field Vectors for the Teflon Waveguide at 9.875GHz
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H Fleld Ansys
[Afm] STUDENT
Max: 35.039
380
324
288
252
216
180
14.4
108
72
36
0.0
Min:_0.197
¥
t
X -..r
:
0 20 A0 (mm)
Figure 41: The H Field Vectors for the Teflon Waveguide at 14.85GHz
Finally, a rectangular plot for each waveguide was obtained, allowing the cutoff
frequencies to be identified. These are shown below.
RN Gamma Plot 1 Pyt A;‘lﬂ?‘vﬂsz
m 142500 | 00000 STUDENT
ma | 2130 oo miGamma 1.2
Satep! Sumen
o3
Suneps
o0 ==
=
s
250 4
125
0 —
H E
Figure 42: A Rectangular Plot of the Frequencies for the Vacuum Waveguide
Yo | R | Y Gamma Plot 1 s
= | s (o
“2 sm0 [p1aM
o1 e 3w
o
oo
5w
200
o]
. r . r
o 5 10 15 20 F k)
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Figure 43: A Rectangular Plot of the Frequencies for the Teflon Waveguide

These plots allow the simulated cutoff frequencies to be compared to the theoretical
frequencies calculated in Section 3.1.1, as shown in the table below.
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Mode L m Teflon
ﬁed Simulated Predicted Simulated
Cutoff Freq. Cutoff Freq. Cutoff Freq. Cutoff Freq.
TE1o0 714GHz 71uGHz 4.93GHz 4.94GHz
TEz20 14.29GHz 14.25GHz 9.86GHz 9.84GHz
TE30 21.43GHz 21.39GHz 14.79GHz 14.74GHz

Table 1: The Predicted vs Simulated Frequencies for both Waveguides

3.2 Dipole Antenna

The S-Parameter plot was obtained for the dipole antenna, which is shown below.
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Figure 44: 5-Parameter Plot for the Simulated Dipole Antenna

This plot suggests that the operating frequency of the antenna would be 1.29GHz, as
opposed to the 1.42GHz initially calculated.

The Radiation Pattern was also obtained for the dipole antenna, as shown below
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Figure 45: The 3D Radiation Pattern for the Simulated Dipole Antenna
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Figure 46: The 2D Radiation Pattern for the Dipole Antenna
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4 Discussion
4.1 Waveguides

The calculated waveguide cutoff frequencies are very close to the simulated
frequencies, indicating that the simulation had effectively analysed the performance of
the waveguide.

4.2 Dipole Antenna

The radiation pattern produced is consistent with literature examples of radiation
patterns for Dipole Antennas, examples of which are shown below.

Figure 47: The 3D Radiation Pattern for a half-wave dipole antenna [10]
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Figure 48: The 2D Radiation Pattern for a half-wave dipole antenna [10]

Despite this general accuracy, it is noted that the simulated operating frequency was
notably less than the calculated value. It is theorised that this is due to the length of
the dipole not taking into account the size of the gap, but further simulation would be
required to prove this.
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5 Conclusion

The analysis carried out in this report has demonstrated the effectiveness of Ansys
HFSS for the design of Waveguides and Dipole Antennas. The waveguide analysis
showed that for rectangular waveguides of the same external dimensions, a fill of
Teflon would result in the waveguide having a lower cutoff frequency when compared
to an evacuated waveguide. In the context of a dipole, it has demonstrated that a
dipole of known length will operate at a frequency in line with the equations given in
[3], and that a longer dipole will correspond to a higher wavelength, and so a lower
frequency.
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