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Abstract

This paper discusses a practical approach to the design and build of a sleeve dipole antenna used
for ElectroMagnetic Compatibility (EMC) testing. The antenna was designed and constructed by
a student while employed at an EMC consulting firm as part of Grand Valley State University’s
Engineering Cooperative Education Program. The physical antenna must meet the design
specifications related to its input impedance and operating frequency. The design process begins
with a theoretical model leading to the rough design dimensions of the antenna. The next step in
the design process is the creation of a complex 3D simulation model that closely represents the
analytical model of the antenna. The simulation model is modified using a full wave 3D solver
with an optimizer. The optimizer tunes the antenna element lengths to match the desired input
impedance as closely as possible over the desired operating frequency range. The optimization
results are implemented in a physical antenna which is subsequently subjected to impedance
measurements using a Vector Network Analyzer (VNA) in an EMC laboratory. Laboratory
measurements reveal the fact that despite following a detailed analytical design process and
using advanced simulation software, the actual physical antenna still must be tuned to satisfy the
performance specifications. The tuning is performed by altering the antennas element lengths
until the desired input impedance is achieved over the desired operating frequency range.

Section 1 Half-Wave Dipole Antenna

Half-wave dipole consists of a thin wire fed or excited at the midpoint by a voltage source. The
total length of a dipole equals half-wave length. Each leg of a dipole has a length equal to the
quarter of a wavelength, as shown in Fig. 1(a). Often the voltage source is connected to the
antenna via transmission line, as shown in Fig. 1 (b).
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Figure 1: a) Half-wave dipole antenna b) antenna connected to a transmission line

ASEE NCS Conference 2019, Copyright 2019



The far-fields of the half-wave dipole can be obtained by dividing the dipole antenna into

infinitesimal dipoles of length dz as shown in Fig. 2.

Figure 2: Half-wave dipole subdivision into infinitesimal dipoles

Treating each infinitesimal dipole as a Hertzian dipole the electric and magnetic fields are

obtained as [1]:
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where (8) , is the so-called space factor given by
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The impedance of the half-wave dipole is
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To maximize the power delivered to the dipole antenna its length is usually shortened to make
the impedance purely real. This length adjustment is usually performed through simulations and
laboratory measurements (instead of the analytical calculations). This is main topic addressed in
our paper. We discuss these adjustments using a special kind of a dipole antenna — the sleeve
dipole. Sleeve dipoles, described in the next section, have increased bandwidth and their
impedance variations are less sensitive to length, as compared to the half-wave dipoles.

Section 2 Full Wave 3D Simulation of the Sleeve Dipole
Section 2.1 Simulation of a Sleeve Dipole with 1/4 A Elements

A 3D model of a sleeve dipole was drawn in CST Microwave Studio. Electrical material
properties were assigned. Images of the antenna used in simulations are shown in Figs. 3 and 4.

Figure 4: Cutaway of Antenna 3D with PVC Enclosure

Before the simulation process could be started the length of the antenna elements had to be
determined. The desired operating frequency of the antenna was 220-225 MHz. the frequency
fo = 225.5 MHz and the signal propagation velocity, c, equal to the speed of light, this length
was determined as
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The simulation was performed from DC to 300 MHz. Both elements of the antenna were set to
the same length. The resulting reflection coefficient magnitude (s11 parameter magnitude) is
shown in Figs. 5 and 6. Figure 5 reveals that the antenna resonates at 199 MHz which is not
within the antenna’s desired operating frequency of 220 MHz to 225 MHz.
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Figure 5: S11 Linear Magnitude of Sy1 Parameter — 1/4 Wavelength Elements

Figure 6 confirms this result by showing that impedance is real at 200.8 MHz, and equal to 71.5
Q.

ASEE NCS Conference 2019, Copyright 2019



S-Parameters [Impedance View]
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Figure 6: Smith Chart of S11 Parameter — 1/4 Wavelength Elements

The electric field of the simulated antenna was inspected to determine if it was operating as a %2
wavelength dipole with ¥ wavelength elements. Figure 8 and Figure 9 show the electric fields at
222.5 MHz on a plane as magnitudes and vectors respectively. Figure 8 shows the field when the
sinusoidal excitation is at maximum voltage and Figure 9 when it is at zero voltage. It was
determined that both elements were electrically longer than % wavelength. On Figure 9,
minimum and maximum potential was expected at the ends of the elements. A minimum in
potential was expected near the center which was not the case.
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Figure 8: Electric Field with 222.5 MHz Cosine Excitation at 6 = 0
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Figure 9. Electric Field with 222.5 MHz Cosine Excitation at 6 = 90° Phase, V1 =0
Section 2.2 Optimization of the Dipole Element Lengths
In order to determine the optimal antenna length the simulators optimizer was run with a goal of
minimum Si1 magnitude in the frequency range 202 — 225 MHz. The antenna element lengths

were set as free parameters, not necessarily equal, in the range of 150 mm to 340 mm.

ASEE NCS Conference 2019, Copyright 2019



The optimizer found the optimum element lengths to be 218 mm for the tube element and 330
mm for the wire element. A plot of the magnitude of the antennas s11 is shown in Figure 9. This
plot reveals the minimum magnitude at 223.5 MHz, which is in the desired range.
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Figure 10: Linear Magnitude of Si1 Parameter — Optimized Element Lengths

The impedance is real valued at 223.5 MHz as shown by the Smith chart in Figure 11. It was also
observed that this simulation with asymmetrical elements has a wider bandwidth than the
simulation with symmetrical elements.
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Figure 11. Smith Chart of S11 Parameter — 1/4 Wavelength Elements

The simulated electric fields at 222.5 MHz were again inspected to ensure that the antenna was
operating as a ¥2 wavelength dipole. The electric fields shown in Figure 12 and 13 match closely
with what would be expected. Figure 13 shows the expected minimum and maximum field
magnitudes at the ends of the elements and a minimum in the center. Figure 13 shows that the
phase center of the antenna is located on the wire element a significant distance from the
feedpoint.
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Figure 12: Electric Field with 222.5 MHz Cosine Excitation at 6 =0 Phase V1—Vmax

efield (f=0.2225) [1] &

Component Abs

Frequency 02225 GHz
5o

Phase

Crosssection A
CutplaneatX  0.000 mm
Maximum (Plane) 9554.84 V/m
Maximum 147587 V/im

40

‘,‘1? = 10

.\ v Vv = ot e 1 [}

250 4 IR I I N A N I T e ot ol

iy 4 [ N L R R R R R E R T R R R N T § C Rt

[ + IR T T I P T S W IS S S S S S S R S G O R O e A R

Ly ‘ R R EE R EEE RSN

efield (=0.2225) [1] ' + O T T T B I S S S S T S S S S S O S O N S Y

g e Vi ¥ YV Y NN sttt Y i\‘\\\\\\\\\\uut‘\

Crosssection A [4 ¥ 4 L T T A T T S S S S S T S S S S 3 AR AR R RR XN R X% IR

i iy 00 o + I N I I S S S S S S S O SR O U YR U

Maximum 47587V/m ¥ ¥ 4 ¥ N W A Beth oo e AR S H 0 £ B RS A AR R R KR N RMRRRRNRNN NN
Figure 13: Electric Field with 222.5 MHz Cosine Excitation at 6 = 90° Phase, V1 = Vmax
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Section 3 Construction and Tuning of a Sleeve Dipole

The simulation results were used to create a physical antenna shown in Figs. 14 and 15. The
antenna was constructed using a piece of copper pipe, copper end cap, a BNC female to solder-
cup bulkhead and a length of 18 AWG solid core wire with PVVC insulation. The enclosure was
made from PVC pipe and end caps. The feedline is a 50 Q coaxial cable with 50 Q BNC male
connectors. The antenna was constructed using the element lengths found by the optimizer. The
wire element was 330 mm and the copper tubing element was 218 mm.

Dipole Removed from Enclosure

Figure 15. Sleeve Dipole inside Enclosure

To limit the common mode current on the antenna feedline, three ferrite chokes were placed on
the antennas feedline as shown in Figure 11.

The sleeve dipoles reflection coefficient (Si1 parameter magnitude) was measured using a vector
network analyzer in the setup shown in Figure 14.
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Figure 14. VNA Antenna Meaéurerﬁént Setup

The minimum was found to be at 210.6 MHz (instead of the target 222.5 MHz), as revealed by
the plot in Fig. 16
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Figure 16: S11 Magnitude of un-tuned Antenna
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To determine the target length of the antenna elements the relationship in Eq. (5) was used:

fmeasured — Itafg et (5)

f I

target measured

The target lengths were determined as

fmeasured 210.6x10°
[ = R =218 mm——— = 206 mm 6
target measured ftarget 222.5x10° ( )
fmeasured 210.6x10°
[ =1 ——===330mm———=312mm 7
target measured Ttarget 222.5x10% ( )

Lengths of wire and copper tubing were cut from the antenna to achieve the target length. The
antennas Si11 parameter magnitude was measured again with the VNA, as shown in Fig. 15, and it
was found to have an acceptable S11 parameter magnitude in the operating range of 220 MHz to
225 MHz.
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Section 5 Summary and Conclusions

Figure 17. S11 Parameter Magnitude of Tuned Antenna

A theoretical model of a dipole antenna were used to create a 3D model of a dipole antenna that
would be too complex to analyze analytically. Simulations were used to optimize and verify that
the antenna design would function correctly when constructed. The results were used to construct
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an actual antenna. The actual antenna was tuned and verified to be working properly with a
VNA. This shows that the process of utilizing a theoretical antenna model can be a process that
requires several intermediary steps before the antenna can be physically realized.

References

Milligan, T. A. (n.d.). Modern Antenna Design (2nd ed.). N.p.: John Wiley & Sons, Inc.

MIT OCW 6.661 Readings, ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-
661-receivers-antennas-and-signals-spring-2003/readings/ch3new.pdf

ASEE NCS Conference 2019, Copyright 2019



