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ABSTRACT

In this paper, a study was conducted on the power amplifier control required to design an eLoran transmitter system using

a low-height antenna. The eLoran transmitter developed during the eLoran technology development project conducted in

Korea used a small 35 m antenna due to the difficulty of securing a site for antenna installation. This antenna height is very low

compared to the height of 750 m which is required for eLoran 100 kHz signal transmission without any radiation loss. In the

case of using such a small antenna, not only the radiation efficiency of the transmission is lowered, but also the power module

control must be performed more precisely in order to transmit the eLoran standard signal. The equivalent RLC circuit of the

transmitter system was implemented and transient analysis was conducted to derive the input required voltage for satisfying

the output requirement. The voltage waveform was also generated by the RLC circuit analysis to generate the eLoran signal.

Furthermore, we suggest power width modulation method to control eLoran power amplifier module more sophisticatedly.
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. INTRODUCTION

Global Navigation Satellite System (GNSS)E E3| AFX}7}

HETH 2419 §I\9F MM BRA 0 ALK 4 oA Hw
A ThERE AH] AT 2= 31 S]] KTk (EC & GSA 2020). &}
SRAAEA, 791 22 5 AU S Aul 2Rk ole} S
&, FAY, F8 B 5 57 F2 A1 9S HeiiE 4
ahet 917 9 AP RS QP M 0 2 sk AL e %8_%}
(LE 2017). 134 GNSS+ 20,000 km 150 LXoA &
He njoksl HupA S E o] 8511, A5 AYAJo] TSk oLﬁa]Zo]
5 ohElo] g7l el At et 2 ARlof FHoRE 4 ol
(Park & Son 2019).

AA R A FETE AR ARt

Ly

=)
N
rr
ofx
to
ox.
)
N,
at)
>

GNSSO] et & SlEEst 2 FAH ARAE B4 ot
Aol wek, o) 71717 S5t tiaket melSo] ApElo] s

T} (Kang et al. 2019, Lee et al. 2019, Son et al. 2020). GNSS A]A
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e oA Bt meﬂoﬂ ARt A% AAE S5l Binary
Offset Carrier (BOC) A5 & o]&35}=LIC, L2C 59 A& &
A 4 Qe AEIAE QJEHOHﬂJ— At} (Yoo et al. 2016). AH-&-A}
QAo A= EX wksko] Al 52 BHx|5la AAsHs Hlmy 7]H
2 AF235}FAL (Choi 2016), Inertial Measurement Unit (IMU)<}F
22 o5 MAele] §3& AHES GNSSof theh Autwgto|ut
|9HS Zx]5H= Hieto] o3 L& v} glt} (Fang et al. 2020).
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(IMO), International Association of Marine Aids to Navigation
and Lighthouse Authorities IALA)2} 7+ <A 7] FLof| 4]+ GNSS
=3 _];1_9,]-’6‘1— 2 01h ;Hrq-ﬁl—m/\]/\al [eR=1% _,_EE:I_,] x«]_,_,q- AT

E AMes=s A R AN A AE] enhanced LORAN (eLoran)
S HASEA Utk (IALA 2017). eLoran AJAEIL 7]&of 2935}
A Loran-C A|AE] 9] £A] A|AE]-S Coordinated Universal Time
(UTC)e| X127 B718k5k1, 712 B Ase] HEe] lolel
£ 271510] A4 B HRE ol 45 AHgA7E 20 m o2 2}
A19] QIR E AlAFe 4= QI =& 3t} (Son et al. 2018).

Al FEZHEA T4 E 2016 HE] 1322] eLoran YA|
A=E TSI JIH YT} Pl B 7|EE 233 HA
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EW|EE Ax5}0] eLoran & 7]&-S 7futs)] &} eLoran 4
A2 Jubd © 2 Top-Loaded Monopole (TLM) QtefLto} 4
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2. ELORAN ANTENNA ANALYSIS

2.1 The Overview of eLoran Antenna

LOng RAnge Navigation (LORAN) A]AE]-S- tjjx{oFx} e ok
oAl v|gY7| 2} Aute] el AME-SE7] S15l 1960 AT e ml-
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Fetinaary 1905

o] Jurslal AFE5IITH (Frank 1982). 7L 3.2 Hu} A15.9] 9JA¢
HelE FA5lE 7lgo] Hopdog MAoPoﬂ o} A5 7hg
541 #9171 ©F 1,000 km 0] A7) Z7151Ac). A 2| A Q] H <)

o}
of B} A3t 93] Hee S A3t GNSS7} ] BgE7
Z7}2] LORAN A|AERS 1 SfjAkal a3 o ol A Alutat a3
7o) g & A gleks SE AMEESICH

Fig. 12 72 skt B2 AelolAe] dhe Ak 99l
Ax]E oF 8001712 LORAN FAl=e] HEE YEPH Aoltt.
United State Coast Guard (USCG)o]| w2 n]Zo]l= & 2474
9] LORAN F4l=o] AX|= o] gl om g Afn|A9] AH{g|X]
Aol et ZF $41 H A1s & Ao thEA] AA =] 9

Foll AHgHe QeI Peleh ol = chapsict

0

3, ESHAIS &
(USCG 2009).

AHHE 0 2 LORAN A|ARIO] ARG QFE U] F/e 37
TLM, Sectionalized Loran Tower (SLT), Top Inverted Pyramid
(TIP) 528 Uz 4 qlon, Wit go] 7H & TLM P4
9] SHU-E 713F o] AR5} Qlth (Gailey 1987). eLoran A]
280 A ARRSh= QFELE LORAN A|AE] o A ARESh= Q|
UE IR 2E 7Hesh] wfliol £ =ollA AASIA she
eLoran $-417]+= TLM QFE|U-E o] &-3ko}ar 7185t

2.2 Radiation Resistance

Aukx o 2 gheLke] W71 Zol7h A5 Qhelt u
AF B8] Frksket, 4 Qo] A1BE BT ualsla gk
uhe] 7712 Zo]7} A/4(A=wavelength) o]4to] Eofof ghc},
eLoran A| AR 739100 kHzS] a5 ARGSE7] wiiioll ¢t
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Fig. 2. eloran antenna and radial resistance design of Incheon testbed.

AXsH] gt W2 FAE el A2 |
S 2 ojYr}. 1F 7] wiFof Zé}% S5y QFEIUE AFSsd
A HAF §8-8 Eo]7] sh A (Top loading), A4 (Loading
radials), 7123 Hou}oﬂ = ;q = Qh%}_:ﬂ, Akl 742 ok
FAIFA QHELRe] A28 Zolg St
ALY ﬁzl% ‘?_PEﬂ‘/}QJ 2] =48-S AR o

Al w2 dEHUGE
o

oF SETH A A A 9 S SRS, Qteluke] A7 Fo)
(Le,,)% E8% o)) Huto] H 1, WAl AR ) Eq. (D3}
Z¥o] AlA¥EF 4= 9t} (Devaney et al. 1966, Riaz 1987).

R =1607" (L /| A)? 1)

£ S°1 Eq. 0ol 2w, Q1o 53 eLoran AdEA4l=
35 m o] o] TLM Qb= Eq. (Dof] £Js) F 0.05Q2] HARA
Fe et AARE e YAES sk o1 7] diee]
TLM QFeLte] 714 ol Sal4 wolsnt 2hs 4 3lat, A
A YA G o] 2 219 oF 80% FFEOR 0.0409] AL
Aee etk 7PgRit

Fig. 2:= Q1 AlgEAI=ol 752 35 m 3z0]9] TLM Qbef|ut
o Aotk QI Al A=) 7%, BA] FEof oje g o R
ARl eLoran QFE|LE o] Hok 37| -2 o)< QEuE A

5lo] AHg Folrt.
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2.3 The Equivalent Circuit of eLoran Antenna
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Fig. 3. Equivalent circuit of eLoran antenna with tuning coil.

o714 QhelLte] lalRi A E-e Xeka g olshH, Xt Eq. (33
2ol Uebd 4 913, Eq, (3) 9P Fuh4-2 wlesid Eq (4)2}
Zo] LeRd 4 gick.

X ol ——— (3)
‘" wC,

&g ] (4)

dw wC

ax
xo T}l T el ze] 7127 () ket A5 e
Fol & 4 913, Bgs. G (B Egs. ()2} (6)3+ 2ol Waslo
L. C:& 7% 4 gtk

L

La :l[d_X+£) (5)
2\do o
2
C,=——c>— (6)
a)zﬁ—a)X
dw

eLoran SFEL= G4, 5, 719 Toll wet AARTOR ¢ 9]
g2zt #slsr] wiie] &5 E A5 E dskA fAlsk Y,
_‘i
[e]

=] Automatic Tuning Unit (ATU)

7].H465] EA—] Ol_]_]E]/\g_ A

£ 271402 Qe o] Agste] Abgafok ek ATU
= o) QeI SAEEE AT UTUAE B 4 L7,
Bok ATUOIA 28 71588 9] ol4gel o wiel A e} st
W $417]E o1& Ystel 33 B4 U $5E FTsk €.

http://www.ipnt.or.kr



232 JPNT 10(3), 229-234 (2021)

25

207/ \

Amplitude ratio

100 200 300 400 500
Time (us)

Fig. 4. ATransient analysis result.

3. ELORAN TRANSMITTER DESIGN

3.1 Transient Analysis

£A1719] 5715 20f| 32 HUF = eLoran HAL] ol
wle} Ay Elojof 511 100 kHz Futo] Hhat 2 A|9]e et
412 Eq. (7) 2 Zch

. . 2
I(t)=te" (t is time in seconds; a = 77} @]

Fig. 32] RLC 3]20f|A] eLoran BAL] &t Qoko 2
£ A/dsh7] Sgh A V= Eq. (8)<F AL, Eq. (7)& o83l
Al F 251 Eq. (9)<} At

VO)=1,(0(R, +R, +R)+2(L, +L)d1 ®

V(e)=(4L,+L)-2a(L,+ L) +(R +R,) (9)

o171 FEsord M2, M S5 HEof IAH
A $EHE AR Y
Fdigro] MR o2 &7tellA ‘?EWJ%JDP% OlE} =, sl Eq
(9] ARl A $41F Al A80] 4L —;i g ukgo] Herol
gk o] opebs Zolck kUl L) W] ARE %
EsH7] flsliMl= L9 Vel z+ Hdigre] v]& (TVF: Transient
Voltage Factor) H&-9] Hgfo] el S5 Bgof 17k ofof o
o} (Hardy 2008). Fig. 4= Q130 Al 4-A15ko] 41Xk QreutelA]
o] TVFE 95} 7h )41 S g Axtolrt.
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Fig. 5. Single power amplifier module control.

3.2 Power Amplifier Specification
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3.3 Voltage Waveform Based on PWM

7]1&29] eLoran $417]+ Amplitude Modulation (AM) H}A]l o
2 eLoran BAE AJAISH= Ao 2 defx Tt (Hardy 2008).
AM 4]e] eLoran B A4 Aot 7 1Y 55 mEo] g

Q17FeH Aol ek Aein 5] whizel, A WY £E BE
o] Agto] L4 45 S AT FUT Fol7} ol Tk
= ehdo] 9} 62 Sol, WY 52 BEe] 917k o] 380 V
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Fig. 6. The voltage output comparison at the network of transmitter using
AM (blue) and PWM (red) theoretical desired output (green).
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4. CONCLUSIONS
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