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Abstract. One of the key operating bands for wireless communication is the VHF (Very High Frequency) band. This band
accommodates a variety of applications within its operational frequency range, such as Land Mobile, FM/TV Broadcast, ama-
teur radio etc. Consequently, it is essential to explore Antenna designs that are suitable for this band. This paper concentrates
on the dipole folded antenna design at 100 MHz frequency. Simulations, fabrication, and testing have been conducted.
This paper presents a novel model, along with the implementation of a folded dipole antenna optimized for military vehicular
applications in the VHF band (30-300 MHz). The proposed antenna achieved a measured resonant frequency of 98 MHz,
a return loss of —28 dB, and a VSWR of 1.07, which closely corresponds with both simulated and theoretical results. Further-
more, the antenna demonstrates a wide operational bandwidth of 12 MHz while maintaining a compact structure suitable for
vehicles (~2.9 m). This combination of enhanced impedance matching, stable bandwidth, and field-ready fabrication distin-
guishes it from traditional folded dipole designs used in the VHF range. We have compared the S|, plots of the simulated re-
sults and the fabricated results. The characteristics of a folded dipole antenna are comparable to those of a dipole Antenna, and
HEFSS software can be utilized to design and assess it. At the conclusion of the investigation, the simulated return loss result
for the folded dipole antenna aligns well.
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IIpoexkTHpOBaHUE U U3rOTOBJICHHE
ONTHUMHU3MPOBAHHOM CKJIAJHOM JUMOJbHOM aHTeHHbI B M1t

Acn. A. K. Mumpa®, ]I, I1. ITatuis?

DTexnomornueckuit MHCTHUTYT ¥ uccienoBarenbekuii nentp Cannuna (Tpambax-poyn, r. Hacuk, Uunust),
ICaHumckuit WHCTUTYT UHXXeHepuu u MeHemkmenTa (Tpambak-poyn, r. Hacuk, Uuaus)

Pedepar. OmHuM U3 KIIIOUEBBIX PabOUYMX IUANA30HOB JUIl OECIPOBOAHOMN CBS3U SIBIISICTCS HANa30H OUCHH BBICOKUX 4Yac-
tor (OBY). DroT Amama3oH 4acTOT MOAXOAWT JUIS PAa3NIMUHBIX NPUMEHCHHH, TaKMX KaKk Ha3eMHasi MOOMJIBbHas CBS3b,
FM/reneBewanmue, 1oOuTeIbCKas paglocss3b U T. 1. ClenoBaTesibHO, BAXKHO U3YYUTh KOHCTPYKLIMH aHTCHH, KOTOPBIC IO~
XOIAT IJIS 3TOrO JAWamna3oHa. B maHHO# paboTe OCHOBHOE BHHMAHHWE YAEISIETCS MPOCKTHPOBAHMIO AMIOIBHOW CKIaTHOM
anTeHHs! Ha yactore 100 MI'. Beum mpoBeseHb! MoeIMpOBaHUEe, H3TOTOBIICHHE U TeCTHpOBaHUe. B crarhe mpencrasieHa
HOBasi MOJIeJIb, @ TAKXKE Peaiu3alysl CI0KEHHOM IMIOJIBHOM aHTEHHBI, KOTOpasi ONTHMH3MPOBaHA AJIsl IPUMCHEHHSI B BOCH-
HoO#t TexHuke B quanazone OBY (30-300 MI'n). B npeanoxeHHON aHTEeHHE M3MEpEHBI pe3oHaHCcHas yactota 98 MI'u, koad-
¢unmeHt otpaxkenns —28 b u ko3¢ punmeHT crosueii BonHsl no Hanpspkernto (KCBH) 1,07, 9To MOIHOCTBIO COOTBETCTBYET
KaK pe3yJbTaTaM MOJAENUPOBAHMS, TaK M TEOPETHUECKUM HaHHBIM. Kpome Toro, mpeiaraemasi aHTEHHA JAEMOHCTPHPYET
MIUPOKYI0 pabodyto mosiocy mpomyckanus 12 MI'n, coxpaHsist mpU 3TOM KOMIAKTHOCTb, UYTO MO3BOJAET HCIONB30BaTh €€
B TPAHCIIOPTHBIX cpeacTBax (~2,9 m). CoueTaHus ymydIIEHHOTO COTJIACOBAHMUS MMIIEIAHCA, CTAOMIBHON MOMOCH POITYCKaHHS
U BO3MOKHOCTH M3TOTOBJICHHS B IOJEBBIX YCIOBHUSX SIBIISIIOTCS XapaKTEPUCTUKAMH, KOTOPBIE OTIMYAIOT PAcCMaTPUBACMYIO
AQHTEHHY OT TPaJHULMOHHBIX KOHCTPYKLH CIOXKEHHBIX AUIOJEH, UCIonb3yeMbiX B auanazone OBY. [posenen CpaBHUTEILHBIA

Anpec 1J1 epenucKu Address for correspondence

Junax ITangypanr Iatuns Dipak Pandurang Patil

«dun Ampury, [Tnor Ne 46+47/3 “DEEP AMRIT”, Plot No 46+47/3

I'amxanan Yoyk, Gajanan Chowk,

Wuppanarpu, Kamarsazge Indranagri, Kamatwade

Hamuxk, Uugus Nashik (MS), India

ITun xox — 422008 Pin Code — 422008
E-mail:dipak.patil@siem.org.in E-mail:dipak.patil@siem.org.in

14 Hayka

wrexHuka. T. 25, Ne 1 (2026)



Informatics

aHaJlu3 l"pa(i)I/IKOB S] 1, Ha KOTOPBIX OTO6pa)KCHI:I PE3YJIbTAThl MOACIUPOBAHUA U U3I'OTOBJICHUS. XapaKTCpI/ICTI/IKI/I CIIOKCHHOMU
,ELI/IHOJ]bHOﬁ AHTCHHBI COIIOCTaBUMBbI C XapaKTCPUCTUKaMH OOBIYHOM JIUITOTBHOM AHTCHHBI, U U1 €€ IIPOCKTUPOBAHUSA U OLICH-
KM MOKHO HCIIOJIB30BAaTh IIPOTrpaMMHOC obecrneuenne HFSS. HpOBeHeHHBIC HCCIICAOBAHUA TTOKa3bIBAKOT, YTO PE3YJIbTAThI
MOJCIIMPOBAHUA KOE)q)(i)I/IHI/ICHTa OTpaXXCHUA I CIIOKCHHOU JUITOJILHON aHTCHHBI XOpoLIo COorjaacyroTcs € MOoJIy4CHHBIMU

JAaHHBIMH.

KiroueBble ci10Ba: CIOXKEHHBIH JUIONb, CUCTEMA MOJEIMPOBAHHS BBHICOKOUACTOTHBIX CTPYKTYp, BOCHHBIH, aBTOMOOHIIb-

HBIﬁ, JHUarra3oH O4YCHb BBICOKHX 4aCTOT

Jost uutupoBanusi: Mumipa, A. K. IIpoekTupoBanne ¥ U3roTOBJICHUE ONTUMH3UPOBAHHOMN CKIIQHON IUIOJbLHONW aHTEHHBI
B MI'u / A. K. Mumpa, 1. I1. Hatuns // Hayka u mexuuka. 2026. T. 25, Ne 1. C. 14-19. https://doi.org/10.21122/2227-1031-

2026-25-1-14-19

Introduction

Many military and civilian technologies depend
on effective wireless communication. The antenna
design must adhere to stringent specifications due
to the variety of environments and situations in
which these applications are anticipated to operate.
Robotic communications and aerial communica-
tions are two examples of these uses.

It is known that the channel at lower frequen-
cies is much simpler than the one at higher fre-
quencies [1]. Consequently, the signal transmission
experiences minimal attenuation and can pass
through obstructions like walls. Consequently,
there is now more interest in these operating fre-
quency bands. Interest in VHF communications
has grown as a result of the creation of small VHF
antenna designs [2-5]. A dipole folding antenna
design for VHF communications is examined in
this research [6—7].

VHF is the term employed by ITU to describe
radio waves that travel in frequency range of 30 to
300 MHz (Table 1). The wavelength range of these
radio frequency waves is relatively high, ranging
from 1 to 10 m. The ITU has designated frequen-
cies below VHF band as high frequency, or HF,
band and frequencies above VHF band as ultra-
high frequency, or UHF, band of operation.
Ground-induced reflections and line-of-sight (LoS)
paths are primary propagation methods in VHF
band. In contrast, there are slight reflections from
the top layers of the atmosphere in the HF band.
Because VHF waves do not go through the earth,
their trajectory does not follow the curvature of
the ground. Additionally, they experience signal
attenuation as a result of obstruction from hills,
mountains, and other natural features. Refractions
from the atmosphere are possible. These ref-
ractions are typically relatively weak, however.
The radio waves in the VHF band travel approxi-
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mately 100 miles beyond the horizon due to
a combination of several processes. Indoor recei-
vers can pick up these waves since they can readily
go through walls. The quality of the received sig-
nal is impacted by multipath, which is caused
by reflections from tall buildings and other objects
in an urban setting. Antennas for the VHF
band can be made small enough to put on cars.
These antennas typically have dimensions ranging
from 25 cm to 2.5 m.

Table 1
Radio frequency bands with applications [8]
Name Frequency Applications
range

Low frequen- Navigation, time stan-
oy (LF) 30 to 300 kHz dards
Medium frequen- 300 kHz Marine/aircraft naviga-
cy (MF) to 3 MHz tion, AM broadcast
Hich i - AM broadcasting, mobile
c %HF)e que 3to 30 MHz |radio, amateur radio,

Y shortwave broadcasting
Very high fre- Land mobile, FM/TV
quency (VHF) 30 to 300 MHz broadcast, amateur radio
Ultra-high fre- 300 MHz Cellular phones, mobile
quency (UHF) to 3 GHz radio, wireless LAN, PAN
Super high fre-
quency (UHF), Satellite, radar, backhaul,
millimeter-wave 3 t0 30 GHz TV, WLAN, 5G cellular
range
Extremely high Satellite, radar, backhaul,
frequency (EHF) 3010 300 GHz experimental, 5G cellular
Terahertz, tremen-
dously high fre- .
quency (THF) or 300 GHz to IR [R & D, experimental
far infrared (FIR)

Bidirectional communication in automobi-

les, walkie-talkies, and airplanes is accomplished
via VHF transmissions. Fiberglass whips, rubber
ducky antennas, and yagi antennas are a few
examples of VHF band antennas. These antennas
can, however, be rather massive in comparison
to those in the upper bands.
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Methods

The folded antenna (Fig. 1) is composed of
a basic dipole whose ends are connected by a con-
ductor, creating a loop. The antenna's name comes
up. Being fed with a balanced feeder is essential
for the folded dipole antenna to function as a ba-
lanced antenna [9]. If feeder is unbalanced, transfer
to perform balancing is needed (e. g., balun).

z

e

X

X —
0 300 600 <
Fig. 1. Antenna Design

W=2d=4R, (1)

The relation between the width of folded dipole
antenna to diameter of corresponding cylindri-
cal dipole is where d is the diameter and R is
the equivalent radius of the cylindrical dipole.
The extra portion of the antenna is created by the
use of wire or rod that has same d as basic dipole.
There are two key benefits to folded dipole anten-
nas. First, the folded dipole antenna can supply
a match to the feeder if the dipole's impedance
drops as a result of parasitic elements, for example.
Second, the folded dipole antenna's bandwidth is in-
creased due to its flat frequency response amplitude.
Further, folded antennas can be used on their own or
can be coupled with other antennas [10]. The folded
antenna is thoroughly studied. The key parameters
of the antenna that are studied are the impedance
plots, S11 (return loss), and VSWR [11, 12].

Simulation of Folded Dipole Antenna. Calcu-
lation of dimensions such as A, length of antenna
(L), radius of antenna, and gap [13]. Following is
the stepwise procedure for design of an HF band
antenna:

at /=100 MHz
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length of antenna

L:

N | >

3
===1.5m; (2.2
5 )

radius
(r) <A/120<3/120<0.025 m; (2.3)

gap (gap feeding) = dipole radius x 2 =
3
120 24)

groundz%‘/lj;er =1.5 mfor er=1. (2.5)

Impedance can be described as the ratio of the
input port's voltage to its current. Fig. 2 displays
impedance for suggested antenna. The graphic dis-
plays real and imaginary parts of suggested antenna
design for 40-160 MHz frequency range. At resonant
frequency 100 MHz, impedance is 49.75 Q.

’: Impedance|

803 Impedance of 49.75 at 100 MHz

Impedance
o @ @
o (=} @ o
1 1 1 1

@
=
I

45 T T T T T 1
40 60 80 100 120 140 160

Frequency

Fig. 2. Impedance of the proposed antenna

After simulation, we obtained the return loss of
the folded dipole antenna with a range of frequen-
cies from 50 to 150 MHz. The peak resonating fre-
quency is 100 MHz, as shown in Fig. 3.

Also, we obtain VSWR value of folded dipole
antenna as 1.05 as displayed in Fig. 4.

——S11(dB)

40 60 80 100 120 140 160
Freguency (MHz)
Fig. 3. Return loss of folded dipole antenna
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168 — VSWR

140

120 VSWR is 1.05 at 100 MHz
100
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Fig. 4. VSWR of proposed antenna (simulated)

Fabrication and Testing of Folded Dipole An-
tenna. The volume of the radiating mechanism is
directly proportional to the antenna's gain-ban-
dwidth product [13]. In the HF frequency regions,
where the wavelengths range from 10—100 m, this
is a serious concern [14—15].

Physically, the military vehicle antenna, de-
picted in Fig. 5, is cylindrical with following di-
mensions:

1) material — copper;

2) cylindrical wire dimensions: radius — 3 mm;
height — 81 mm; feeding dimension: 6 mm; total
dimensions with feeding: 2907 mm; with 6 mm
feeding sided total length — 1372.5 mm; and width —
81 mm;

3) SMA: 4-hole flange SMA connector fema-
le 50 ohm.

—  {er
y ,.'—?_‘.l'e.

Fig. 5. Fabrication of folded dipole antenna

Testing of folded dipole antenna (Fig. 6) has
been done on VNA. VNA details are as follows:
VNA Name: Keysight Technologies FieldFox Vec-
tor Network Analyzer, Model name: N9921A Freq
Range: 100 kHz to 6 GHz.

In Fig. 7, after testing the above antenna, we
obtained a resonant frequency of 98.28 MHz and
a return loss of —28 dB. We get a bandwidth
of 12 MHz and a return loss of —28.89 dB.
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Retracted
suspension

Chine fla
P Waterjet mounting

Side skirt space

Fig. 6. Folded dipole antenna installation on army tank [16]

Agilent Technologies: MI923A, SN MYS52412490
le
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isha1:98, 2825002 e -28.80 B
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Start 50 MHz IF Bandwidth 10 KHz Stop 150 MHz
Points 101 High Output Power

Fig. 7. Measured S11 (return loss)

Results and Discussions

We have simulated, fabricated, and tested a
folded dipole antenna. Simulation is done on
HFSS. Fabrication is done using copper wire with
4-hole flange SMA connector female 50 ohm. And
it is tested on VNA. Following results are obtained.

Table 2 presents a comparison of measured
values, simulated values, and theoretical values
for different parameters. It is observed from the
Table 2 that the resonant frequency of the simu-
lation, as measured, matches the theoretical
value. Return loss of measured value of the pro-
posed antenna is high as compared with simula-
ted results. VSWR simulated, measured value
is the same as theoretical value. Bandwidth lies
in a stipulated range.
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Table 2
Comparison of measured value and simulated
value of different parameters

Sr. Freq R.L. Bw
No Results (MHz) (dB) VSWR (MHz)
1 Simulated
results 98.12 |-42.65 1.05 16.02
2 Measured
results 98 -28.89 1.07 12
3 | Theoretical
values 100 <-10 >1 5to 15

Here, we have compared the Sj; plots of the
simulated result and the fabricated result. Graph
shows the comparison of measured return loss
vs simulation return loss. The simulated return loss
result for the folded dipole antenna correlates well
and determined outcome is represented in Fig. 8.

Measured
(= Simulation!

=50 . . : ; ' :
40 60 80 100 120 140 160
Freg (MHz)

Fig. 8. Return Loss of folded dipole antenna

Novelity

Innovation. This study presents a novel model,
along with the implementation of a folded dipole
antenna optimized for vehicular military appli-
cations in the VHF band (30-300 MHz) [17-21].
The innovation lies in the end-to-end approach,
which includes simulation using HFSS, physical
fabrication utilizing copper with SMA integration,
and validation via VNA testing. The proposed
antenna achieved a measured resonant frequency
of 98 MHz, return loss of —28 dB, and VSWR
of 1.07, closely aligning with simulated and theo-
retical results. Furthermore, the antenna demon-
strates a wide operational bandwidth of 12 MHz
while maintaining a compact vehicular-compatible
structure (~2.9 m). This integration of enhanced
impedance matching, stable bandwidth, and field-

18

ready fabrication differentiates it from traditional
folded dipole designs used in the VHF range.

Novelty. a) application-specific adaptation:
the folded dipole is tailored for military vehicular
communication, balancing performance and size.

b) enhanced bandwidth and return loss: achie-
ving a 12 MHz bandwidth with —28 dB return loss
is a significant improvement over many classi-
cal folded dipole antennas (typically ~5-10 MHz
bandwidth in this frequency range).

c) validated real-world deployment: our work
includes fabrication and real-world validation,
which adds to its practical value.

d) integrated end-to-end approach complete cy-
cle from simulation (HFSS) — fabrication (copper
with SMA connector) — real-world testing (VNA)
with close alignment between simulated and mea-
sured results (98 vs 98.12 MHz resonance).

Conclusion

This work presents the design and analysis of
a folded dipole antenna. This paper addresses
the simulation, fabrication, testing, and validation
of a folded dipole antenna. The values of VSWR
and Bandwidth are measured, and it was found that
the values of these parameters for simulation and
fabrication are approximately identical. Results
of simulation and fabrication are compared with
theoretical values, and it is found satisfactory.
The design of the antenna has been shown. Various
parameters, such as its impedance, S);, gain,
and VSWR, are examined. The folded dipole
antenna has been simulated, fabricated, and va-
lidated.
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