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Abstract

A conceptual design on the link budget of TC&R RF subsysem which transfers
command and telemetry data as RF signa between the ground system and the 2005SAT
sacecraft is presented in this paper. In order to perform the anaysis of the link
budget, we divided the anaysis process into two processes, ie., uplink and downlink
process. For the uplink the power flux density at the spacecraft and the margin of the
command receiver are calculated. In the case of the downlink the downlink EIRP and
the margin of C/No and Es/ N. at the ground station are calculated. Through the uplink
performance analysis, the power at the command receiver has well efficient margin, and
the margin of C/ N. and B/ N. is aso fully proper for the downlink case.
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2.2
1 :
= APLxcosec(8) dB
0 (Elevation Angle), APL
(Atmosphere Loss)  12.7475GHz
(Tota  Zenith  Attenuation)
0075 , cosec(8) = 1/ sin(®)
0.075/ sn(@®)
2 (d):
a
d = R?+ r?- 2Rrcosy

R%+ (R+ h)%- 2R(R + h)

x(sing siny+ cos¢ cosy cosAR)
, R= , h= , U=

E , dA=

b.
d= cos¢ cosdl

3 :
= 10 log(1/ (4nd2))
d
4) (Isotropic Aperture):
= 10logA2/ 4n
A =clf, c 3x 18 m/s, f
14491GHz
5) (Polarization Loss):
= 20 log cos(Bf)
of 12 14GHz 4°
(Faraday Rotation)
6) (Free Space Path Loss):
=- 10log (4xd)?/ A
7) ( (Crane) )
a. :D
b. (Rain Rate) Rp,
(Outage Percentage)
c. 0 (Isotherm)
d. 0° H:
H=0° -
e. 0° L
L = H/snd
0
f. D:
D = Lcod
g. Raindrop (@ B)
h. (dB)
A,= aRELID(X - Y+2)
X = (e"™. 1)/ up,

Y= (x*e")/vB,
Z= (x*e"®)/vp,
u= (Inxe")/d,
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x= 2.3R, "7,
d=3.8- 0.6InR,,
v=0.026- 0.03InR,

8) (Painting Loss): -0.2dB

9 (Modulation Loss): J
(Bessel)
10) 1/ Bit Rate = -10 Log(Bit Rate) ,

11 (Implement Loss):
-2.0dB . RF

12) B/ No = CIN + ( +
1/ Bit Rate + )

13) Bt/ No: 1x10°
14) : BHz Fne Tone Loop

15) 10 10 SN
. SIN = 1/(2R?), R,

3. EIRP

99.9% '

EIRP C/ No
5 Es/ No

RF

2006SAT
RF
RF

C/ No Es/ No

C/ No Es/ No

TC&R RF

1 EIRP

2 EIRP

48



K

H:
1
Flux Censity at Spacecaft
Paramelons Ll Transter ol Bl=ision Commirents
Geosynoh. Aliude | Opemiions  Emergenoy
G/S ERP s 211) a9 By a7
5 Pointing Loss [ &) -4 -01,4 -0.4 Eshmata
Amospher Loss i -1 -k11 —{1.11 Caleulated
Fraa Space Spreading Loss  (dB/m™2 -163.32 162 45 -162.45 |Caloulated : 10=logll /(4 +Pisd™2))
Rain Altenuation B -5.2 —-5.05 -5.06 [Guam a2 20, Dasjon al 45, 99.0%
Flug Density at 570 WS ~Hi0.03 —k1 .01 ~i1.01
Specified P FD -B0.00 -95.00 -80
2.
Upknk Bud gl on Calculaled Fhue Darsity From Ground EIRP
Fa ram e int Tran=F=r kit G=osynchronaous Orbit
Cryisg At Eaith &t LAE Burn ol miggian Sipe LGPl
Cmimi Arviarns ‘W Ang s Arilenins Crnni Anbarma Cmim , Arbanns W e Angle Ankenra
Command [Rangng  |CommandRangng |command[Rangng |G emmand]Rangng |Cammand|Rang ng
Flus Densiy ot 50 dBW/m™2 -80.03 —80.03] -80.03| -80.03| -80.03] -81,01] -31.07 -31.01
|z irzp ic ARerture 4B -44 87 ~44,67] 4487 4467 4487 —44.47| -44.87] —44.67|No
P larization Loss df -2l -D.a2 -R.02| -0:.02 -0.42 -0.02 - 0| Ranging
2 Anlanna d8 T.00 7,q9 -3.60 -{.50 41,20 41,20 T.00| durireg
Milbipatt and Seattaring Loss |aB -2.16 o.an .00 1,08 -0.08 -3 1E|Loss—ai-
[ Lossas a8 -17.41 -5.55| -&,55 -34.52| -34.52| —17.11|Pitch-
BSC Aaganad Powear dawW T —136.90)—138.08| —133.77|-133.77] =113 08| =119.08| =137 .87|Lock or
Command Facakar Threshald |dBW —134.00| -135.c3) -12E.0O0)-135.00| -138.00(-135.00| -128.00| -135.00| -13E.00/Emergen
=]
M argin|Smez| d8 a.73 z.73 1.0 -1.99 4.23 1.23 19:02 15.82 0.0z
Pdsaigain | Sl | 48 4 21 i.84 23,73 19,78 ]
3. EIRP
Dawnlink EIRP Budkael Surmmsam
Farameter Linit Transler Crisit aegsynehronous Dkt
Cruizs ALl Earth Att. LAE Burry All. | Mission Ops Lo Pl
2eni Wide Argle i Croemm. Wids Anple 2mri
Antanna Harn Antanna Anlanna Herr Antanna
HPAMEETX Cutput B r.ap 7.03 r.ao -10.00 r.a0 r.og
Tranzsmil Cireull Legses B -5.83 -12.6B -5.83 -12.ER -5.83
Multipath Logs [ [} 1817 a -18.17 -3.583
Tranamil Anlenna Gain i 2.20 .00 -0.80 40,20 700 -0.50
Crzwenilink EILRP cIE WY 4,36 -15.88 1.6E 25,14 -14.B4 217
Required EIRF B a 1] a 1000 a (V]
Margin dlE 4.368 =15.86 1.€8 15.14 =15.68E =217
4. anN
an Sratien Link Budget for Downlink Telemetry /Aangl L
Faramsisr | Lirif wdie Anple Hern CONME . AT I 1l ANLENNE Famarks
=J/C EIRF | 4 B -15.86 15.14 -2.16 Analysis
Free path logs 4B -0 38 -205.58 —=ia e a1 127 GHa, ZTa00km
Fain Altenuaticn dB s i ~250 -2 80 Crane's Rein 8953%
Aimospheric Loss dB 106 -3 100 0 106 Coloplnted 455
Fol. EPont. Loss 4B -0 -021 021 Caleulaled
T | d Byl JHEY 63 ELT i Dasjon
10alggik] BN SK-Hz el ZEEE ZanE Bolizman's Gonstant
Ground Feoewe CiNo dB-Hg 4212 Ta4g ey Worst Cose

Korea Aerospace Research Institute 49



E/N

Telemetny Link[@E0%]

i onwii Anlsnng Wids Angle Arilsnna i, Al Aarmar hs
E-Hr 5562 1212 7.l llaled
BAEE: Hh Logk Lo Ea ki arth
1 5 3 2 3 ;
1H 4 21 S B i 4.5 55| { 4 2 | 15|
3311 11 231 a1 - 331 311 11
200 4 3 a6 a = 3 1 0
B 153 15 W =2 15 -3 332 22 A% e
5 L 51l 5 10 L5 1555 Eal
54 i£5 i 33 T 35 4

SN

Rafiging Link93 90 )

4P AT i =i Wick= Anole Anlenna AT . BRsnnE Flainanks
spaked \B-Hz 5 B3 41,12 i [
LES Ealh AF B
! 5 2| 2 JITLAYALLE. TLMIRNG
iH 4,481 G 103, 4,81 4,58 16 G 4,51 i, ] 1L 0G| 100, AL G reedlan gaoh
[=]=] .99 .99 2.2 €23 €.93 £.90 0,99 Fina Tens Loop BW=3 He
B 58 52.78 43,3 .55  38.06 Fa.3f 7.5
=l 567 3 A5E7)  35.6T] 3585 35.8 A5 E€7] 35.6 I igrma )
dE s2.33] 1a.5e] 78] esl e8| 290 seesl ssee '

1. “Koreasat 3 Payload Critica Design Review
Data Package", Vol 1 of 2, Book 1 of 5,
Lockheed Martin

2. Dennis Roddy, "Satellite Communications",
McGraw-Hill, 1996, PP.279-317

3. G. Mara, M. Bousquet, "Satellite Communi
-cations Systems’, John Wiley & Sons, 1994,
PP.15-69.

" , 2001

50



