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A Study on Effect of Radio Waves by Wind Turbine Rotor

Park Won Chul

Department of Electrical and Electronic Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Heung-Soo Kim

Abstract

In Jeju, the project, "Clean-Enertopia-Jeju,, has been planned, so the electric
energy by a wind power generator is going to be used for obtaining clean
energy which is associated with regional characteristics. First, The wind power
generator systems have been built and tested at Haengwon-ri, Pukjeju, then those
systems are going to be extended to the whole area. The outward appearance of
a system is made up of a pole of 45m of height and a rotator having three
wings of 42m in diameter. And the system is designed to rotate 3(-times per
minute, so it is expected that the system takes a major role as a large reflector
for the electromagnetic wave. Since, in the near future, a large number of wind
power generator systems will be built, the communication services may be
affected by the systems. So the preparations for avoiding the above are needed.

In this paper, the scattering and reflection phenomena of the electromagnetic
wave by the operating system at Haengwon-ri are measured and analyzed. And
then the countermeasure is worked out on the base of the results. For this, the
variations of the electric field intensity of FM, TV broadcasting frequencies, PCS
frequency, and random frequency are measured and analyzed. In addition, the
inquiry on the locality is made for surveying the actual communication state by

the communication devices.
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1. A X o] M mpa A

BAge ARAYe A, vy, NAge 2Ry & Ak WAlge F2
WA wEALS gEoln] B AsE edgeo] Hejs) 2o et oAy sixE FRY §
A AR EFE EHste PolE 34 = Axz THRED e 34 o)
HE 272 $A%8 ¥ye 53 gdxde Aanrys T Wyolx,
T AL Fol8L o8l ol2Rde SEsie wyou). Ao 24e] o
ZE AR H2do] Aolo] Wg BHe msory B¥748%l0] YR gongzg
FARA o]l =As ook gt (Lee, 1993)
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EERY & A% AAGE 359 YFolnz BE9 Yuly A& adz 2
SO @ 5 At Fig. 13} Fig. 2= 359 Ayay = WAL 24 aga 3
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Incident Wave Reflected Wave

Ori‘ginal Path
Refracted Wave

Fig. 1 Reflection and refraction on plane boundary

Traveling >

wave —>
—>

Diffraction zone

Fig. 2 Diffraction by an object
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o 71 K&
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oltt. FWAtE Y 2437 AzEA Lp2 QtHY o]50] 10]22 tgex
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Lp =—201log (fun, x10%) — 20log (d,,, x 10®) + 147.56
(6)
=—32.44—201og fyp, — 20log d,,, [dB]
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7} 2d7} )9 6dB A 3t1 10d7} 1w 20dB ot BAEENe A 204
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2) B2Ed 2y

BAE o) ARFer) Adse sPddde A EEHA ¥8 Aow
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A A2H Fe AHA HeAHE dEse R Yo e, =A%ty A&,
FEGe xo] F# 2L 93 7tx) 24EL Tsory He E3% Ao,
TN ol2igh AAH 229 AFH QAS [ A4 He oy,
FACIELE o]&3 ALY Huoe) Y] solm Ah.(Lee, 1993) o] A 2}e]
¥ B 7tsAgel 242 AL ANY R TR AET2EY JYog A
BE54 4 A ADE $3 7158 AYgos e Re dAHog BIsH
oltt. Mty AP 7AFL A SPFAL Zolm TES 7 AAGRE
7t RASEE $2719] 2848 2As)of g} FAEYo] HAY £Fd vg=QY
T BF 9992 HolAY, 280] 2 AL ¥ FAT A o) A}
A Btk g2y A& TAH FAA2Y & 3 o)y O]FFTAE MY37 9
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ARFE AR A FAN2Y HAA AARE d5L 3 AlEHH
AR EA@G) AA BAL WYty 98 YL F718te] HYH Ao
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Ads Loz dolHE ANesjolsle YUy wdo) o277+ wi$ thFs)
©h.(Parsons, 1992) wetd EHo| Rgste HEY 2y Hgo) 283 Rolet &
T AT HEHA £4dede] Hyde oI 2 d(Egli, 1957)3% Za]-gfojx
(Longley$} Rice, 1967), @ #%.a} 29 (Okumura¥s, 1968) So] it}

3) H&EA =y

ARAZAE st Fohg £ o TP FoHZo] ZAT. o] g Yol
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A e EFHG APolN Ao o3 ALENL A E Ro| Zod.
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EFOE A AR WA /MY N FohEo) o 3P So] ok Ywryo
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2 e Fig. 349} o] Fojgo] 7A1H o] = B2 ot e A=
TEY F Atk £-54 A2} Sy FYALE T2 (fresnel) o
Fhgo] ZATA 4 HAREE BB Ak (Singer, 1994) FojBo] 7}
AAGes H2W5E oy Aye AR 7t o] $U o) 6dBe) -
Tdol dyRt Fojgo) SNAMRY EOHAF S HAEYL F7l8A 5o
TANEY M7e 343 Bagg.

Fig. 3 Knife edge model

WOl o 2)e) o3 sUEAY olggte ZH2d HEE 58 78 4 9
24 3 BYo) Bigsty, E3) 0z Pojrol Bl o123 g 737 oy
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o] #Zstm i},

L(v) =6.4+20log[ (s* +1)'?+ 4] JE od—1 )



9 7)A v Fresnel-Kirchhoff JHASFZ gy g

12
ZM] (8)

v=h[ 3

3. YEALTHOR ©| 3t X m)

RS BhBel 84 £= 2 ol wAH) Suste A%z WAy wa

2FH Z1HRAA WY E FRsE R0l Fas A%} wa

© A% WA A7 45 wARY 544 get gz gw

=AZEohd A9 43 wAE 84 Ran e Y5Hd Qoiuxz snd

SHEA WA 2dg ey AAYEE Ve vy Yo puse

8T AT SAHAN WA 2518 e AR, S0 g, warwe
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Fig. 4 Propagation paths over a flat plate
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Fig. 45 WAb@e) 9@ 2hntst walstel He)2 et WAERo]
VAN AR SAIAR Q) ARBANN WA EAG o A @A
EE 4g% 2ol AW% E,9 WA} E,9 goz 7% & Qo

E =E,+E, )
AARE 71202 wABE dew o) ure 2 £ o
E, =E,e™" (10)

A7IM B @A) Asloln g HHBe} wAmziel Yastold dejme

FAAA E9) 271 e go] ANY & ot

E =\ EX+ EX—2EE cos (60— 1) (11)

A7 Ese Ane azloloh. HAssh wAlsie E WAAS o, 8 o] 3}
d A1) g3} Po] FHE.

E =E N 1+0%,— 20cos(6— 1) (12)

HAN AHA E,8 A/3L BAYE E,2 v RD AL AL o, 8 0

AHAI: T2 ¥29 A AAZEE tgn go] Uehy T Ak

E =EN1+I*~2Icos(6— 1) (13)

BEE WA MASE £HUR SRRl s ey po] Ty &
ek,

sing—V e.— cos 2y

Ty =
i sin¢+\/ec— cos 2¢ (14)
r. — esing—y e.— cos 2¢
y =

€.Sin ¢+\/ €.~ cos’y

A7 A A4 (relative permittivity constant) e.= ¢,— j6004°]}. ¢&
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WA AR} o) RE Zsoln, WHEQD Fu4 aelm WAl Ay
3 540 me} Wagn

4. T E2 53 % (Doppler effect)

AT SAAEUZRE A4HE ABE g2z E AN FALE G =
Qo0 ERFAY Yol Y TF WAL R ol Bo) o3 A % AL F
A 98 FAHE Ave M2 g8 AZY J4L 2= oy o dust d
o A e AZH A4 aen Fuse Y8 E¥E gEne dH 54
T Zet dYdoz 249 AZEyge 2z #l d 2] (Rayleigh) ¥ X & yehin
HEL 0-27(rad)) YHH REE A o)s} 37 2 A= T =e3e
AEe) NHH Apolo) ojs) 28 aKdelay spread) @Al LA}y o] FZo)
IEIAL A& Bl TEHAN P BHEERS Holw Aoy},

S

|

Fig. 5 Doppler effect
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)= Aexplj(2nf.t— Brcos 6)] (15)
A7IN B=2n/A°)t}. ©)F 9 o]|FAYE r=yro]mz 2(15)8 oA 29
() = Aexp[iZH'(fc—Tv cos 6)1] (16)

7t 89 g FAHE A5 Fo4 e
fr = fc_fd (17)

7t =9, 971N e =28 Fn4e o334 2o
_ v
fo = q cosd (18)

TATO] R UL ALole WEFTS fo]M TEa FaFTF Holst
doidt. tAl LaX =& &g (doppler effect)= FA A3 U} $27) Aol
of FAHA FAYo) UL W SN FAHE Ao F35IE F4 713
TOERE PAHE Fosel gl AL w3 o A7t BAsHEe 2
22 APshe o)FAE $AFRFRY L 252 SA8) Hoy, I vhoy
Bo2 WYt A9oe Fe o4z FA84 "o 5, SAAHAME A
o 357t AP o)FMIF LYo 2N TFAANG AN 9 Fap$r o
AR gon, olaig Qe o|FH o)JELE} AAS-E EAslng $4 A
%o 7t dAsE AA F9 szt "

53], 39 2AvI9 go] A A Y= AS HAA ] o8 B =
SHARE meisol Puh. £ By HAAE B 305HS 83 glo] o
£ st Aztstel gamut olyel £4 Zuido Moz} S 3HA "o
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1. SYLUTIN9 N2 2N

Fig. 6ol€ 94U 32719 d¥E Jdehugd. A8z 349 g
TAE 9Ud 2 HEuE N, dle YPY 252 Fig 61 o aRH 3
o 2AE 3y RANY gole Ao B e TYHWe =47 4873
o AYA== zHsle] HAHYE AUT. Tao) 13~14m/s o]¢e] € of Hz}
Hoz gl Jehde B3 3rlds @49 28 ¥ (Stalling)of] oj3] Ay
Hol BAED oY 2PN 2P 4% 2 /AN Ase gle] daod
Wt £HHo 2 FASE SR AnFoln WP My olth (%834, 1999

P AL

Fig. 6 Illustration of wind turbine
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1) 33 g7l (Rotor Blades)

HA dhE o 235moln} 2712 WA o] Uth. @A TEHE ARz
Hol lon o] YffAAME Eejol2E B B U @i e (qES S
(Blade Root) & dMd¥e) 78 wzA o REL Hagalae 42 7w g
E 3XNNEA F7E YolFT OA HAesaAs Zowy wood-epoxy & %
of S0tk ol WREO] HFEA YA Ea)o2E el o Za) TA7} AHg"
o 3y @) BUS HeaaAe dENez £

2) Bgola Alad

Heola Al2ge dAgAgoz AW FTeu 2H77 Ix BEE
HalAY A713Fe) AeEw vaolas) dejn T ule] =gt Hyolz
AZRE F 742 242 o)Ro|AY. & ZE 20 $)x3}= Blade tip air H g
ol lojutxel YNNG A4 B oA} U} 2} Alrge ¢ fFUE=Z
F2do.

3) +AEEFY M

0F ¥ee) THEWE BEo TN IUE 2oz =4 AW 7
FTZEN FEZL AAMEE 7122 sno] RE F2Haje] 209 ol A
€ 7 A% T Jo] ¢ mAREE RE F8 FHESo] BE MY T A
=5 AN U ZWAZ 9450 Ak HAY) YojH RE =g THESo
UAds Y 448 o]0 wdeg.

2. N2 8 <

Fig. 7€ #4 FHdaA2de 248 JehRA. Fig. 7ol4 ACBE =z}
FATD7], TRE 480V/229KV E2 44 @k, VCBE 4+53197], GRIDE= A
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A71E Jehin. IHBAANLYE L 23 Yol 1 FA9 YA A A
Tol e FRE FEHo2 Ao, ol P AU WYL FTES HA 5o

FHEAAN2H Y AAA AL 3A 27127} U} e ARMTY vy
o] &3t YAANME SHPYL A 2 4 JTE 5= WAy & st A
AF(LAN)E o] 88 1~2Km o9 Hlad Ao EANsE o] &3t=
Aot AF PUo FHRHAAHY A AN 2L S A
T ANE 5 UASE HA FHH Y AFAYWANE AZEA, A=t
FFAUA7)EATF 27 de hH)Y T FAFAI ol E 4338
T 2 FEdd AdA Uy SANYH 1, R Yol 23] W A
HE 9¢ + AT A 71z $AMA, ARIE Q 22 dloEo] s Ay
EFA 2E F UASE HAH Ak AW E FA AEMo) WD =l
TIHT 2lon @ YAFOoZE 6,00MWhE & o] 5o o 20%°]™ FF J
4 ol 8E & 304%°1th. 7} RHAH HH o Eol: of 46Mo|n] At 273
£ 43~48Mo|th.(AF %, 2000)

Remote Controller
600KW System ACB
Controller
' —»| TR(480/22.9) VCB |»{ GRID
6OOKW System ACB
Controller

Fig. 7 System block diagram of wind power generator

- 16 -



3. &% UMY MXFUX

Fig. 89 SAuH719) & HNAN(TH)s FF YA H WML FASA} d
A BAFT T3S P42 LAV uAre dTnaT} Q= THS o
Bt FEHFYA 7ol BFEoT M5l ok 20004 29742 A, A
A W, R, B8, B, 9) 5 187 Add FHxQ zAE CRLI Ko
2001 1197h2] 770 Aol F7b2 1A ZAE AA] o) A.(HFx=, 2000)

Fig. 8 Building scheme of wind power generator in Jeju
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V. 54 Al2" 2 BEXH

Axvtel A@doM FANEE 27 FE 20 2, A, 29,
VHAY T3 e AdAHA NY 249 ABY gL ARTRE 947} A
FANATo2 R A A FARTE AAD $4 FH8H wa 2
HM3E B

THLAYY HAzE 3¢AE 21 EY 303As7] R By WA
AFE F Aok o)z Aste] Axiuwte] Zawmut oje} £4 Fuse Holo U
del @ £ Yok aBz FHLA7 YA 48 I Yrie Yaso

Ph
0
L
2

Fig. 9% F3o] 12500022 9 FHdd Agde NY=S Yehn 9
o @Y FHLA AMDAE Fig 904 B uie} go) AFT BAZZ 73
¥ BAY 5 HE Alole) £29 sdslel YT o, 129 =x
7b BAAE Avn A3 YAFFEAES 948 27 A4S0} Aok A 42m
A FEEA7IY YA 4§ Has WAl L Ao APS HAMss] s
Fig- 103 Zo] REAH S HAsAen, P2 F4% 24 AW Ag 2
Abel Z+2 Table 13 Ptk FM3} TVH4, PCS 53 22 AgMuA Aox 7
A SALG 7T FAAANEZ HBhL, A $AN2He) @ Az HA
Ao FAHo2RE <9 212m HojA oA A}
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CIFSPN;

Fig. 10 Sample points for measuring
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Table 1 Parameters of sample points

¥ ¥ A A 1 2 3 4 5 6
A 2] 12.4m 26.8m 52.1m 12.0m 27.0m 51.5m
4= (H A=} F) -1° -6 -9 131° 134° 135°

FANEDE FEA 20 NEA7I% A $0459) H7IE 457 As)
Fig. 113 Zo] 74U 22te] g1 AQL Table 29 Bk AYFAE 243
& “HElZsh DC/AC WR71E ALgstel HAZE 237)% GPIB 93% e
83 =ES AFE AYL IV =EX FFHE FARE 23718 A

o3t A& Hog FAHE AIHVE 7|2F)

OHHILL
AR Measur ing |
Receiving
[
GPIB Card
Notebook

Fig. 11 Receiving system block diagram

FALHUZE ofr|teluts} thol EHUE ALEHYO oF FHUE X
4ol N2 2Ee AR Yo e s ArlE BHse o g e
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ol gl EABEe FHu ta) SWAolT FHANME 7259 W A
g4 52 230 Qo] wbg T Hane] Yol mah 24 AARE

IYge £

Table 2 Specifications of receiving system

A ¥
2 ® o

¥ 09 U
Measuring Receiver 25MHz ~3GHz Max:108dByuV/m
Dipole Antenna 520MHz ~1000MHz
Yagi Antenna 174MHz ~216MHz
Notebook Computer CPU:486

3. 4EMHI~ FHSo st 55

53 FoEE A Au2 A FMB TV, PCSe] 234z zhzbe] 24
Wt S F 2 Table 39 2rh. AAZE 479 s RAZ L 120KHzE
Aot AAZE=E ZHSQY. e Mulx Fago) g8 =Eane o
A87) At FAFH4E 71202 +125KHz9 +25KHZ9HS o|F3tHct 1
A3 BEAYAME tolE R opr|tHUE ALl AARESE 2HsQY.

=
T
A

Table 3 Frequency and bandwidth of commercial radio

T B FMiH 4 TVE(S4) PCS
FAFHS 90.1MHz 179.75MHz 1863.75MHz
A g = 260KHz 1.5MHz 1.25MHz
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Fig. 12 Transmitting system

Table 4. Specification of transmitting system

A o
k: 3
¥ 9 q 09
Synthesized Signal Generator 10MHz ~2.7GHz Max 17dBm
Yagi Antenna 174MHz ~216MHz

54 FoeE 18575MHzolm, AAZE $4719 U5 QEL 15KHzE A
Botel AAZEE ZAHAT. $UF5ol o) S EHE B35} 95t
FHFRGE 71E02 SKHzol N 5KHz7hX) 1KHz¥ ol$8dA AAZES
F FAsdn A58 $4 %S4 Be) e 3 Y W] THway

924 34 PP YNAES HA A
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Fig. 13 Field Strength distribution(90.1MHz)

Table 5 Average Field Strength on Fig. 13(unit dB#V/m)

#32 T ks EEHa | 7FE B
F-25KHz 49.80 0.37 51.41
F-12.5KHz 49.67 0.24 53.18

71& | F=90.1MHz 50.16 0.28 4 52.98
F+12.5KHz 49.83 0.12 52.64
F+25KHz 49.88 0.15 52.65
F-25KHz 51.41 0.92 54.20
F-12.5KHz 5147 0.80 54.49

1 F=90.1MHz 51.85 0.79 5 54.52
F+12.5KHz 51.52 1.08 54.41
F+25KHz 51.32 1.31 53.83
F-25KHz 46.29 1.29 51.99
F-12.5KHz 48.07 1.31 5291

2 F=90.1MHz 47.88 1.34 6 52.99
F+12.5KHz 46.96 1.45 53.00
F+25KHz 47.48 1.34 51.64
F-25KHz 50.36 1.08
F-12.5KHz 51.31 1.22

3 F=90.1MHz 50.34 1.19
F+12.5KHz 51.17 1.12
F+25KHz 50.75 1.18

- 26 -



BEAYE ZEo] g2t 5 ggog FRYUG. REAHL, 2 38 HAdy F
U Hgoz AsE, FRAHY, 5 62 AW thsl o} 130%0] RI¥sich
Axe] G F o] el REAYY EFUANE 2tz use g2 AT
Aol F A2 FRYS FUY & A Aol We Ygoz AW 9|
d HEANHE BEFL NENYH vk P HolY EEHAE of 1dB A%
At £ HAAe W% FYF AW FRAY29NN HFe by An ¥
THAE AA Jdebdth AW ds) 1305 Wake] FRAHNNE PF L ¥
TAAZ Z1EAHA v 2A Jebtth FohBol e Ao FasE A
AEE F2 AT 4F AolAw AR} go] AW YF& F& Q20
WE A+ Zol a0 g whalgtst st o8 44 HAZLE =7
doluel @4AEZ A4 2ojd 3] WFEL gelAA W

2) TV 7389 A3 (o] EQty L)

Fig. 4= $UF 9471 179.75MHzo| 11 QtelU7} tho] Eotej e wje] i)
Aol e HAZT EXolul Table 62 HAZTS HFW FZHxolth me
BEAHAN BERAE 71FAH w8 o 02dBe] xo]E B H|LsT}
A=l BE BEAHANS FFe 1305 W] FRAHM7} o 3dBe] =
#E Holo A 10me] FEA Yo hsh M= o 62dBuV/mZ &3}

60

A
c

Field Strength [dBuV/m]
3 2

56 L PR P P N
0 106200 300 100 200 300 100 200 300 100 200 300 100 200 300
F-25KHz F-12.5KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(a) Reference point

27 .



Field Strength[dB V/m] Field Strength(dBV/m)

Field Strength [dBuV/m)

61

60 A A
0 100 200 300 100 200 300 100 200 300

63

62

61

60

59
0

60

59

58

57

56

i 4

1

i

I 1 1 I

F-25KHz

100 200 300 100 200 300

F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(b) Sample point 1

Aliad

|
1 1 "

100 200 300
F-25KHz

2 L
100 200 300 100 200 300

N
100 200 300 100 200 300

F-12.5KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(c) Sample point 2

1 I

1 i i

1 1 I

0

100 200 300
F-25KHz

100 200 300 100 200 300
F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(d) Sample point 3

- 28 -

L
100 200 300 100 200 300



Field Strength{dBuV/m) Field Strength[dB uV/m]

Field Strength{dBuV/m])

63 : - : :
o2 | 7 ' w
61| - - - -
*0™ 100 200 300 100 200 300 100 300 300 100 70 300 100 7 300
F-25KHz F-12.5KHz 179.75MHz(F) F+12.5KHz F+25KHz
(e) Sample point 4
65 |
64 -
63 | o S L
o2} : : : :
6]0 l(;O 2(‘)0 300 1(‘)0 2(‘)0 300 1(‘)0 2(‘)0 300 160 2(.)0 300 1(‘)0 2(‘)0 300
F-25KHz F-12.5KHz 179.75MHz(F) F+125KHz F+25KHz
(f) Sample point 5
64
63 | - s L L
61 f 3 - 3 -
ool - - N .

b 100 200 300 100 200 300 100 200 300 100 200 300 100 200 300
F-25KHz F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(g) Sample point 6
Fig. 14 Field Strength distribution(179.75MHz)
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Table 6 Average Field Strength on Fig. 14(unit dB&V/ m)

#2 TE iEin EFHA | 937 Ha BEHUA}
F-25KHz 58.34 012 62.25 032
F-12.5KHz 58.61 0.18 61.77 0.15

71 | F=179.75MHz 58.72 0.16 4 62.01 0.23
F+12.5KHz 58.63 0.13 62.13 0.23
F+25KHz 57.98 0.41 61.71 0.38
F-25KHz 62.32 0.42 64.12 0.25
F-12.5KHz 62.46 0.34 63.71 0.19

1 F=179.75MHz 62.25 0.36 5 64.00 0.23
F+12.5KHz 62.17 0.45 63.52 0.19
F+25KHz 62.14 0.51 63.23 0.27
F-25KHz 61.42 0.21 62.24 0.20
F-12.5KHz 61.04 0.16 62.16 0.21

2 F=179.75MHz 61.54 0.18 6 62.34 0.22
F+12.5KHz 61.48 0.25 62.09 0.31
F+25KHz 60.89 048 62.12 0.41
F-25KHz 58.89 0.23
F-12.5KHz 58.71 0.26

3 F=179.75MHz 58.69 0.19
F+12.5KHz 58.54 0.25
F+25KHz 58.16 0.52

3) TVi4 7309 A E(ok7)eeLY)

Fig. 15& Fig. 149 47549 21 A% S oprjtete & Ao
E2AYo e AAZE EEo|o] Table 7& ZFujolEle] A FZHo]
o SAdolE S BT RE BEXHAN 71ZA Wl ws) o} 2-7dB % =
A dehgn BEdAE ZE AWAN $AS g AT ZE ERAYe =
elolEt Fig. 149 Ase} g2Al Yehdo. S0 A18 8 ofrlotgu
£ tolEdtuysl el £AuRY ofle}l £HW wal NBHE AT Yot
EF F0e] HEe Aol wis) wjS okslr) wEol cholEtEte] wla =9
B30 4% JPL Mo wong HHx) & Ggo| YSL S & ot

- 30 -



Field Strength{dBy V/m] Field Strength{dBy V/m]

Field Strength[dB uV/m)

64

63 EIﬁH I i L X
62 | - L L
6I0 100 200 300 100 200 300 100 2&) 300 100 200 300 100 200 300
F-25KHz  F-12.5KHz 179.75MHz(F) F+12.5KHz = F+25KHz
(@) Reference point
66
65 3 - s L
f o il
|
63() 100 2(.)0 300 1(‘)0 2(‘)0 300 100 200 300 100 2(‘)0 300 100 200 300
F-25KHz  F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz
(b) Sample point 1
66
65 | - L 4
64 | - - - 4+
6‘ 1 A L 'n 1 '}

0100 200300 100 200 300 100 200 300 100 200 00 100 200 300
F-25KHz F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(c) Sample point 2

- 31 -



Field Strength[dBuV/m) Field Strength {dBpuV/m)

Field Strength[dB uV/m)

65

64 L - -
63 L s s
620 100 200 300 100 200 300 100 200 300 100 200 300 100 200 300
F-25KHz ~ F-125KHz 179.75MHz(F) F+12.5KHz F+25KHz
(d) Sample point 3
68
o} | ' ! W
66 - - - -
65() 100 200 300 100 200 300 100 200 300 100 200 300 100 200 300
F-25KHz  F-125KHz 179.75MHz(F) F+12.5KHz  F+25KHz
(e) Sample point 4
69
68 - - s -
67 | L s -
f‘6() 100 200 300 1[‘)(] Z(I)O 300 l(l)O 200 300 I(I)O 2(l)0 300 ](I)O 200 300
F-25KHz  F-12.5KHz 179.75MHz(F) F+12.5KHz  F+25KHz

(f) Sample point 5

- 32 .



61

2

Field Strength[dBuV/m]

el

0 100 200 300 160260300 100 200 300 100 200 300 100 200 300
F-25KHz  F-125KHz 179.75MHz(F) F+12.5KHz F+25KHz

58

(g) Sample point 6
Fig. 15 Field Strength distribution(179.75MHz)

Table 7 Average Field Strength on Fig. 15(unit dB#V/m)

92 TE :kin EFHA | 93 o EFHA
F-25KHz 62.86 0.09 67.44 0.15
F-12.5KHz 62.89 0.11 67.51 0.12

7l& | F=179.75MHz 62.84 0.11 4 67.47 0on
F+12.5KHz 62.68 0.09 67.47 0.17
F+25KHz 62.35 0.28 66.83 0.25
F-25KHz 64.50 0.24 67.66 0.10
F-12.5KHz 64.38 0.12 67.77 0.08

1 F=179.75MHz 64.11 0.14 5 67.52 0.10
F+12.5KHz 64.06 0.17 67.39 0.12
F+25KHz 63.90 0.34 67.03 0.28
F-25KHz 65.51 0.14 59.45 0.18
F-12.5KHz 65.56 0.08 59.58 0.19

2 F=179.75MHz 65.15 0.10 6 59.32 017
F+12.5KHz 65.35 017 59.28 0.19
F+25KHz 65.03 0.38 59.34 042
F-25KHz 64.01 0.18
F-12.5KHz 64.25 0.07

3 F=179.75MHz 64.16 0.13
F+12.5KHz 63.75 0.19
F+25KHz 63.45 0.37
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Fig. 16 Field Strength distribution(1863.75MHz)

Table 8 Average Field strength on Fig. 16(unit dBV/m)

#3 T 3 BEHEA | A B FEHat
F-25KHz 60.08 0.85 58.39 0.19
F-12.5KHz 60.40 0.92 58.63 0.24

1 F=1863.75MHz 60.51 0.56 4 58.59 0.20
F+12.5KHz 61.04 0.79 58.80 0.19
F+25KHz 62.18 0.81 59.03 017
F-25KHz 55.77 0.25 61.22 0.25
F-12.5KHz 55.59 0.19 61.43 0.23

2 F=1863.75MHz 55.80 0.18 5 61.37 0.29
F+12.5KHz 55.74 0.18 60.59 0.20
F+25KHz 55.71 0.23 61.08 0.30
F-25KHz 52.89 0.38 57.98 024
F-12.5KHz 53.15 0.38 58.49 0.23

3 F=1863.75MHz 53.08 0.35 6 58.06 0.23
F+12.5KHz 53.14 0.34 58.07 0.25
F+25KHz 52.97 0.39 57.78 0.23
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Table 9 Average Field strength on Fig. 17(dB#V/m)

A2 T :kin EFHa | 94X Eikin RFHUA
F-5KHz 29.58 0.60 21.81 0.78
F-4KHz 29.57 0.54 21.05 0.74
F-3KHz 29.06 037 19.98 0.94
F-2KHz 28.96 0.33 17.69 1.15
F-1KHz 28.90 0.49 2097 1.02
1 F=185.75MHz 28.34 0.28 4 18.34 1.25
F+1KHz 28.50 0.50 18.93 0.97
F+2KHz 28.62 0.38 20.75 0.93
F+3KHz 28.25 0.47 2142 0.97
F+4KHz 28.41 0.29 21.02 1.08
F+5KHz 2791 0.28 21.19 0.97
F-5KHz 30.14 0.51 29.31 0.26
F-4KHz 30.09 0.53 28.64 0.30
F-3KHz 30.49 0.48 28.20 0.52
F-2KHz 30.30 0.48 26.82 0.73
F-1KHz 30.17 0.50 26.76 046
2 F=185.75MHz 29.27 0.46 5 27.65 0.26
F+1KHz 29.14 0.44 27.33 0.36
F+2KHz 29.08 0.42 27.36 0.36
F+3KHz 28.86 0.40 26.69 0.55
F+4KHz 29.12 0.41 27.09 042
F+5KHz 28.99 0.39 26.68 0.37
F-5KHz 29.00 0.46 31.05 027
F-4KHz 2813 0.62 30.56 0.26
F-3KHz 27.36 0.58 30.43 0.26
F-2KHz 27.51 0.45 30.09 0.53
F-1KHz 27.18 0.43 3213 0.46
3 F=185.75MHz 26.98 0.37 6 32.20 0.32
F+1KHz 26.66 0.39 32.20 0.23
F+2KHz 26.95 0.42 31.97 0.23
F+3KHz 25.83 0.47 31.51 0.29
F+4KHz 27.05 0.52 31.26 031
F+5KHz 26.70 0.57 30.55 0.29
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