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A study on the Computation of Tabulated Values of
Loran C (GRI-5970) Lattice Tables for Practical Use
near the Korean Coast

In-soo Hwang

Abstract

RLaERE
1.y i
2. Loran Ce jufvjziee 2 FIHiFd
2.1 Loran Ce] jify i
2.2 WBILikFel A ¢] Loran Ce| FIfi46pd
. Loran C Jififiz{aie] BEimprres) TRiim
3.1 Rz e G1ar

3.1.1 Anodyer-Lambert 5{

3.1.2 WGS-72 jitzne) 55
3.2 Loran C e} fuiffim
3.3 LRUEIAl (F S

3.3.1 Loran C Jfiie] ;|45

5.3.2 WML XMl fere wire] Mpaian
4. GTEERTALS b

4.1 DMAHC Tables} ;| 5iihgte] Iy

4.2 GHRTRE R fritgee] e

(o5

BEFSk,  SIATA R
1. Loran C Table (Pair; 5970-W)
2. Loran C Table (Pair; 5970-X)
3. Loran C Table (Pair; 5970-Y)

............................................................................................................................




R 9lol 49 Loran C (GRI-5970) Ffile- 38) Lattice Tabled] JféizI4usl B Bt

ABSTRACT

Loran C. a long range navigation system obtaining vehicle’s position by measuring
the arrival time difference and the phase difference of the pulsed low frequency si-
gnals transmitted by different stations of the chain, is proved to be effective accur-
ate navigational aid in coastal and off-shore routes, The GRI-9970 chain is avail-
able only in the south cast coast of the Korean peninsula, Another chain, GRI-5970,
i known 1o cover most of Korean coasts and off-shores, which U.S. Air Force, in
charge of the control of this chain, does not open it for civilian use yet,

In this connection, this paper aimed to obtain Loran C (GRI-5970) lattice table for
the extention of Loran C coverage for civilian use. The authors studied the theor-
ctical analysis of various calculating formulas for the geodetic wave path length and
the propagation velocity of l.oran C wave, and programmed for mathematical calcu
lation, To verify the reliability of the calculation. the table values of GRI-9970 ch-
ain is computed by the same program and compared it with those of DMAHC tables.

And then tables of GRI-5970 chain are calculated and by being compared with
those of measured values at points of known positions proved to be satisfactory.

Concluding remarks of this paper are as follows:
111 The correction cocfficient of Loran C propagation velocity is estimated as 0.99946.
(2] Errors of calculated table values by the method proposed in this paper to the

DMAHC tables are found to be within the range -0.7 minutes of latitude (or long-
itude) in case of GRI-9970.

5° Fixed positions by the tables calculated of GRI-5970 were deviated by the range
of 0.5 1.0 N miles, and those of GRI-9970 by the range of 0.5-5.1 N miles from the
known position in Korean ports,

11 I'rom the abovementioned facts, the calculation method proposed in this paper
is proved to be reasonable and effective, and the calculated tables will be useful to

position fixing for merchant and fishing vessels near the Korean coasts,
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difp:  ZATEh) MUTE BMAZ RAEDYE i (m)
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DLo: % 3fiRile] ##i% (deg)
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Tsf:  TEore] 2k MTAALEK (u. sec)
tm: ER SRRl o) EUREET (k. sec)
ts: R ZTHBEAT O] o) HRIGRYT (u. sec)
V: {BIRHEE (m /u.sec)
d: Coding delay (u.sec)
0,: IR LAl A o) = = siiRe) 1k C(rad)
02 BRG] #HI 15T (rad)
00 ShEEEk B KRAFHE (rad)
62+ [CIEFSEIfAC] $3 #IEA (rad)
A fREE (deg)
Mo HEETES] JCRE (deg)
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2. Loran Co| AN FE X FAHE

2.1 Loran Co| Ff[R

Loran C&} &7 Ji K& AERRNS] 0GR ie Adaba glola]l 2kl A s =
BEREE o2 o= G1isleh,
Td:Ts+(ts—tm) ............................................................ (1)
A T 10 1 T T T T S (2)

AAA B (T Tt R Z0G Aol B MAES) WIER HUFE L iy Vo
—EFAL ESL ERFMEH 20 AR A e sk
TAd=Ts+(Ds—Dm/V-+Ps—Pm:cereerieriiriniiriiiriiiiiniiieinininnn (3)
o] Rk, ® 24 HIFEEOE Loran-C kol MURMIEZ A ik 1-ol A ©] Loran C Wyl {7
SIS T4gffic) 299, 60Vkm/sec (FISHA o ol Y1t i 1ol A S AL B o)
vk AR RLot A o] frAIEIfie]l eF, F, SwhE i o] PRI S (THTsi)el e,
2RIVHIRH Tsfe 15
Tsf=T/1544—(1.5+479/)2
=0. 00060036T—0, 2 +-eeveeenens (@)
B OERII, 29 1A n=nkel 3o
1. 0005 . (Lol 2 (I8 3. 50
sec AE R vepgeh, ©

=
o)

~N
(%

'YYVIT"IIII|r

g
(o]
XIIIIKTI

second phase factor (u sec.)
-
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0.5f-
o~ ! !
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Figure 1. Second phase factor Tsf versus time T and
distance D for the propagation of Loran C signal over
the sea.
—— real values
------ calculated values
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and GRI-9970.

Dovane C ppdedt e bl fy dilad - 1,200, LG S SIS ARSI 111 BRI VR IR N I
i {o T I T T AR M 10 A8 BRI Erac R RN e i U A kS I
g GRT aa7g Wil ne 120 130 140 150 166 !

. | i g ;‘W I 1 1 ¥ H&‘O
choe et Cogte) {LC
i GRY 507070 i v L ,.,,, -t
1 B “ . -‘ - ‘ il"’,l“f‘\k"s M f" g - / ‘
. . o - Q) [' !
EESEIT LN GR ag7000 GRT 5000 e "’y 9 P i
L]
et ‘\ i:m“f] ] ‘31‘7“‘ o t a re ¢ I {
v o . %
el e AL </
e i A : 2970
Y B R 1 PR I L B ~ 9’ Y F\m“ e W
abe, o ol el g B »
R I B IR U ¢ i
)
N } "1 l‘[! ”S(. il l.‘i . " 5{} \"!‘ 2 / { f (
1 GRI 507001 GR1 007021 % %
(o irprel Coding delay s ot °
oy 0
10
Figure 2. Loran C coverage near the Korean coasts.
coverage of GRI-9970
fffff predicted coverage of GRI-5970
------ extended coverage by the use of the cross chain
method of GRI-9970 and GRI-5970.
T fiu‘w‘ coding . iM
station | location Ts(u sec.)  delay power | location( WGS-72)
i - (ka) :
U _ _dwsec) | MU0
; ‘ 1
5970-M }POHANG & i 35 36°11705. 807N ! 129,20'27. 287E
W HOKKAIDO | 15783. 79 11000 1000 42°44°'37.00#N 143°43'09. 067E
|
X KWANG JU L 31947.02 31000 35 35°0223. 87N 126,32'26. 747E
Y %GESASHI ‘ 45565. 56 42000 1000 | 26°36'24.99/N | 128°08'56. 217E
9970 M ‘IW() JIMA ‘ ; | 18C0 | 24°48'03. 607N 141°19'30. 307E
W IMARCUS i 15283. 94 110C0 , 1800 24°17'07. 897N 153°58'53. 237E
X ‘HOKKAIDO | 36685. 12 ‘ 30000 ‘ 1000 [ 49°44'37. 10N 143°437°09. 257E
Y 'GESAS‘HI 59463. 18 ‘ 55000 \ 1000 26°36'21. 98N 128°08'56. 457E
7 YAP 80746. 79 75000 ‘ 10C0 09°32’45. 797N 138°09’54. 977E
Table 1. (»)(hﬂgf (\1.1}». transmitting powers and locations of master and slave stations of GRI-5370
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3. loran.C ®f@:t Wo| s mm BEWEE

3.1 FRERR Hu

B TS = 5 — 4 T M TT A A Al ok IR W A o] 9 o e
HE AWM tzonke) sgm, REERAN A ZEEAR i fRskA =k, ke i
B2 RES o, I LH -9 2] A RIRHERR-S KR "o}, 10

KBRS BT 3:9) Cosine j:py) Sines}t Cosinee] 4fHe FMste] kg 5
rh, w

ccs i=sinL; sinL,+}-cosL, cosLy cos (A;—a,)

61=cos-! (sinL, sinL,+cosL; cosL, €OSALg) e ereneenmrerinrininnannnnnn, (5)
X ()l kel FiEsl BEAES R Lo A8 ] B2 BRI el kol WS el flr
°] %%z}, %E DMAHC} Loran Ce} Chart 5 Table fEms] ffifig JLHERIHIA = a
7} 6,378,166 m, FA o] 1/298.39] Fisher FiEASl Ao2 odejxn oy, » SR HIE Ot
R sfehe K& aMslol 9% oeb weby 4 A% A+ Andoyer-Lambert o (k3
Tt WGS-72 st ol A —Rgio. 2 pifisbe A& HAS o) BAlL gifstaa @
23

3.1.1 Andoyer-Lambert 7

Clarke (1866%)2] [l pk Gt T4 f =1/294.98, J2/PE a 6,378, 206, R b
6,356,584 m ) /b syBRe]l moFS s Jeldichn faxEsha, [isRTIHG ol A 2] g oo
K @l ko] & & glep

D:a(01+02) ......................................................... (6)
92:% {000 AESHCOIA+5-C) (3sinf1 (1 —S+CH(1-S—C) }

1+cos 6; 1—cos 6;

tk. S=sinL; sinL,

C=cosl, cosL,

3.1.2 WGS-72 [lhF%o| #:8

WGS-72 (World Geodetic System 1972) Hildl ol A = 5 1o £=1/298. 26%] 1, Jepg
3% 6,378,135m. 4% b 6,356,751 m >} ¥}, 0,10
T 3 A MR ) AR e L, WLHEEE  Lev) o), L3} Le
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R R R e Ra]
SIURENN SEOET s Pol i (xly)e] b Kol Jife g
a? b2 )
¥X‘~’ TQ ) R P (8)
)
dv a2x x
: - o = tan 1Y o —-cot]
Ix h2y ( ‘ ) -
e ) -
SEAN
PR I /
Voo L rani.y /
y ANGY eereenen
: N
Bl ,{1{,1 // \
. Qa Iox
“1&:‘ ‘R'lk‘ﬂ 'TK /\C]'(\) VH if}g‘;o’ x]‘ -
- acos, 107
(1-e2gin2lyr 2z 77777 v
o al=—eHsink |
: (1—e?sin?l.y1:2 i /
g2 b2 \
‘ a?
0o . . Figure 3. Schematic diagram of the geographic la-
of Sl kAl sl Bef 4 titude L and the geocentric latitude Lc.
. Y o a(l—e?)sinl(1—e?sin]. i, o - ~ b?
Tanl.c - S acosL(1—eZsinZly T2 =(l—e?) tanL=1—-1) tanl,r—é2 tanl...... (12)
o Bl ok 4 R,
GERO] MR il 22 o rE i HEHO. T (RS % Geodetic
Line) 1inge) s s (Reduced latitude)+ cb-% 48 FIRIste] il o vho10
tan ¢- (1—f) tanl. = AN e 13)
bt dot Loy Lol Heihffiiol &bl SZER Lol A o] BRI 67, 5l giaie) g ol
Firit kel $5gE g 67,1
()’I e Sin(}sl Sin¢2 ;’Cob(i)I COS¢2 cos (\17 2) .................................... (14}
()2’ 1 (mu - LR BT PP i3
LE, me=(sing+-sing,)?/sin2d,
n:-(sing;—sing,)2/sin24’,;
u—(1—cosf' (B 1—sind' )
Vo (1 cosB (87 sinf(
Sl et 00 e F S el sl el A €] AT L L0 dae] fgstel Liek = gl
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D (7 -0 ) eeeerrereervrmmmninnetnt sttt i (16)

A I A= B b wol piME L At L 1), 19, (97 WGS-72 it vlethe]
Loran C {dfii% )% 28t 1, Andoyer Lambert ol ffiahed i3t fibiest  Jbkesh &

R 2 4Re Az 358 widetgl o

3.2 Loran C Eifo| HEHEERE

T f%) Loran C ZEHoE B obalvd 2 e MBS obeb iy wilifke) {3 ot
el Fligel s Miks FIstES slo] gl Mg Fhoksted, Loran C ¢ fENy Hi ik
ol gistelmt sl 2 @rh. Loran C fiphe) BUAMIE = Bk Lol A 2] iz 299. 691
m/psecolu} 8,190 e W\ @ s = wkeh grol okxbe] 2KA MR Jnalalek. X

Vi LGRSOl HRE BTV, (ST S SETS ISR 0. 99945 Fete]  MEZHNED @l
T°15 AR A E -7 HRE 9% & vk, W DMAHCH A ik JHZalhl Rl
ool 7] 91eted, GRI-5970 @ GRI-99708] “RRy=l & #EMRilel Mgk IFoIsta of  clth)
RAPERESE S 19 -EAERNAS] MUEmEIS FIRst, & BEme pIARMREE sRkstaich o TR
= 2004 vhebyd ukeb o) ¥ DMAHC LoranC Jiol A fliHIEE MMM+ 299. 5296
m/p secolw], SEEHNITEREC)T 0.999460] =& oF 4 ghqivh.

propagation velocity
station base line distance Ts-0 deduced the
at (metres) (i sec.) DMAHC table
(m/psec.)
9970- W 1,283, 156 4,283.94 i 299, 4526
X 2,002, 323 6, 685. 12 299, 5194
Y 1, 336, 858 4,463.18 299, 5304
z 1,721, 248 5,746.79 ' 299. 5147
5970- W 1,432,812 4,783.69 299. 5002
X 283,713 947. 02 299, 5850
Y 1,067, 994 3, 565. 56 299. 5305
average velocity — — 299, 5296
(m /M SecC. ) l

Table 2. Computed values of the distance and the Loran C propagation velocity_deduced from the
DMAHC table,

3.3 AR k3 K{EHM (Flow chart)

Loran C J:¢] Jifiii1@e B3 T =20 FORTRAN & fifetsl v, Zw 7w
o LEE A mmoal, FE iEe] A1 dL/de da/dE ks 2fel i
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3.4.1 Loran C & {&2| =t (Main progrom)
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Fit 71472 Flow chart¥ TFig -6, 73 3bc},

(" sTART ) (“starr )
i R B
Ry fuAls) o oo fthg o st el fusie) o7 |
‘..ﬁ(L M) g T A iy ]|
Ti(dify) m(dify) \
o T | ‘
| Lya-r | | xran |
| |
| war gt % | ] W dife it |
I !
‘ dt=(dif,- df)/v | ] de=(difz—dif)/v [
| |
| DLA=dL\dt | | DLo=ariar |
l R E—
| La-L | e |
I I _
(" RETURN ) ( RETURN )
Figure 6. Flow chart of the subroutine Figure 7. Flow chart of the subroutine
for calculation of L/dt for the calculation ot da/dt.

4. ¥ BR2 mE 2 FMR

BRI kS #Est= Loran C Pair 5970-w, 5970-X, 5970-Yel %% Lattce Ta-
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Table 4, Extracted Loran C lattice table,

( pair 9970-Y: published by the DMAHC)

WHA ) sl 41 €] Loran C (GRI-D970) §0i00 734k Latice Table€] A, iiel [ B 153
9970-x
: 36320 36340 36360 | 36380 T
Long
o , A o , a) o , A o , A o
3355.6N - 81 33 538N - 8| 33 521N - 8| 33 504N - sl1es g
| 36 01.8N - 8| 34 00.1N - 8| 33 S8.4N - 38| 33 56.7N - 81145 E
L 3407.7N - 8] 34 06.IN - 8| 34 04.SN - 8] 34 02 8N - al1es  E
36 13.5N - 8| 34 11.8N - 8| 34 10.2N - 8] 364 08.6N - 8{143 E
36 19.0N - 81 34 17.3N - 8| 34 15.7N - 8| 34 14 1N - 71162 €
Je 262N - 81 34 22.6N - 8| 34 20.9N - 8| 34 19.2N - g|1er
362928 - 8] 34 27.6N - 8| 34 25.9N - 8| 34 24.2N - g8|1eg ¢
364 33.9N - 8] 34 32.2N - 8| 34 30.5N - 8| 34 28.8N - 1139 E
364 384N - 8] 34 36.6N - 8| 34 34 8N - 8| 34 331N - gl133  f
36 42 5N - 9] 34 40.7N - 9] 34 38.9N - 9 34 371N - 81137 E
| 36 463N - 91 34 444N - 9| 34 42.6N - 9| ¢ 40 7N - 9136
! 34 49 8N - 9| 34 47.8N - 9 36 45.9N - 9| 34 44 ON - 9 135 E
34 5S3.0N - 10| 34 SO.9N - 10 34 48 9N - 10| 34 46.8N - 10 134 £
34 35.8N - 101 34 S3.6N - 10| 34 S1.4N - 10| 34 49 3N - 10[133
34 S8 1IN - 34 SS.9N - 11) 34 53 N - 34 51 4N - 11132 E
[ 35 00.0N - 11 34 57 7N - 13 34 SS.4N - 11| 34 53 1N - 19 131 E
f 35 01.6N - 121 34 59.2N - 12 34 56.8N - 121 34 54.3IN - 12 130 E
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i 395 03.5N - 131 35 00.9N - 131 34 S5S8.2N - 13| 34 S55.SN - 1310128 E
| 35 038N - 141 35 00.9N - 131 34 S8.2N - 13| 3455.4N - 13]127 F
Table 3. Extracted Loran C lattice table, !5)
( pair 9970-X; published by the DMAHC)
9970-v
T s7110 57120 57130 57140 *W
Lat |
o . O - e . B
31 NIE130 41,4 141130 42.8E  13[130 44.2E  14]130 45.7E 14
32 N|130 20.0E 16,130 21.6E 16[130 23.2E 15/130 24.8E 16
33 N[ 129 S55.7E 18{129 S7.5S€ 171129 59.3€ 18{130 01.2E 18
34 N[129 29.0E  20{129 31.06  20(129 33.0E 20[129 35.1€ 20
35 NJ129 00.1E 221129 02.4E  22[129 04.7€ 23129 07.0€ 22
36 N 128 29.4E 250128 31.9E 25128 34.56 25128 37.1 25
37 Nj127 56.98 281127 59.7E  28[128 02.6E 28128 05.3 27
38 N|127 22.7 301127 25.8E  30(127 28.9€  31/127 32.0E 30
39 N|126 46.9E 331126 SO.3E 331126 53.7E  34|126 57.16 33
40 N[1126 09.5€ 371126 13.1E  36{126 16.86  36/126 20.5¢ 36
41 NJI125 30.3E  40{125 34.3E  39(125 38.2€ 39|125 42.26 39
42 N{124 69 4E 431124 S3.8E 431124 SB.VE 42(125 02.4F 42
43 Nf| 124 06.7E 461124 11 4E 461124 16.1F 461124 20.8E 46
44 N{123 ¢272.1F 501123 _¢27.2¢ 50]123 32.2¢ 501122 37.2F 50!
1¢)
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A Study on the Mechanical Properties in High
Heat Input Welds of High Strength Steels.
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