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ABSTRACT

As the satellite system becomes more complex, the probability of unpredictable failures
may be increased due to design inadequacy, experience deficiency, lack of problem recog-
nition, poor quality control, improper testing, and workmanship fault. Consequently,
these problems can lead to the reduction or end of the satellite mission lifetime. This
article addresses general satellite failure modes and factors influencing satellite mis-
sion life. The mission life factors of LEO sun-synchronous KOMPSAT spacecraft are
investigated, in which its mission life is predicted based on these factors. Since the
end of mission due to random failures is not predictable, the predictable mission life

factors such as power budget, propellant budget, battery charging/discharging cycle,
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460 CHANG et al.

radiation effects payload reliability, single point failure, and redundancy are primarily

investigated.
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AeEAE g glen, AR 2 Jd5Y A& F7LE Bo] F3 3} (Fortescue & Stark

1995).
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3.2 SALXN S} (radiation degradation)
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g, % g AsAFEISRA, dXe)d AdE Z olsiEl 1 gt Sl dF-E FHste T
g YAZRE 9 BAb(A A D @ Ate] 27), utd W EW 9] ¥ Y YA} (trapped radiation;
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FEAGAC o AAEF L 32 thS3 gL A5AST A9 & 2 F U
- 29 Z 77} (total dose effect); F2 AAF 2 7] 5A 3} F
- Y ALY E @ (Single Event Upset; SEU); 32 27]% &4
w2 A}z4 217 (Single Event Latchup; SEL); 271%5 /2% &
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Yt Fold I Fo e A3 S0l 7193 £ 3] 2 (weld fatigue) = HEHQ] %o 9
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3.6 HHE{2]4

el el o)A LA sh oS B Beta Ao e weel eRoE B A Qo 4
& QzHoln) &xo] o Zahe ANREE F ANH] Utk ol MY ARSI A4
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ECHOSTAR 4 94 o] e Fax @e] Aol o] o] AA £ &S At o2 AME
27155 g M £ Freeman(1993)o] A A 3] =295 o At}

3.8 MHEEJ| (TWTA &= SSPA)

AN TWTAE AA A4 A H ] 80-008 AH = BEAXNFAE Al F2 A71FH7(o}
AAEYV o] 23 7])e] Abgol oj&f B2 AHol —%—37]% fle) 22T TWTAE wigle] A3 22
o]l B2 B nir MAYEE Zu Aotk A E 38 2% 3 4 39, RIS S 3F
AA 74, o] FrollolE 713} Fo] tEF ]\11, A 2= deactivationo] 7Hg 71 EF <l FHojrh E
g, 70171 FAWIA Al A= (Cathode)d] S&2Te FaE Ar=e] £E45& 7RI
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o] FelME 10094 7Hol TAIE B FE7) ANE A THEAYY H2H A I RS
o BFL PR E AR NE FA S ST G2H AaAN AT 272AL £4AT
A 3doz SRR A2 e BUE o) H(A2T 5 e Ad)o] WA Y T 4A
sEnche 94 24 £4% 4 e A0 dgsn Atk Teu, AelM BAY ASe] £7
ARl YL TIA $Y S BEE 4 Uk R4 o] etk BHBH LAY S G
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0 & Qe rbed AAES BAN B3 FPAA AFA 4 Aol &P FABE o= F
A& 47 BES Yok
4.1 F3 3

AGAE A At %}Zﬂiﬂoﬂfﬂ 2og St ABS A4, A%, 2o L AE o F9 d2
) 4710 ol @ Aol ). o) A =rtct e el & S A Folob

& ‘4 a2, AlZte] BEo Wt 3B Ate] 711 Bl FAAL L dBol AstE o] AA AGA
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& SALife | SAPw
Yr-0 788.0
&y = 700.5
Yr=2 661.9
E7 Yr-3 636.3
=3 Yr—4 614.4
30! Yi=5 599.2
fe
N
B0
50
0
Yr0 Yr-1 Yr2 Y3 Yr4 Y5
KOMPSAT Life Time [Year]
292 BEd 4894 AN
oﬂ/\<] :ﬂg_g o}“‘ XJQQ%'—:EL?‘Q g}\_‘:}\]y]ﬂ.&_?—]o]\:} :z_al 2= ﬂo\-g‘ %}%oﬂg}‘ ]:ﬂ.
PH IS 5 ‘A’l‘* A G2 & Jepdnh o714 A AAA] A zbe] R gdhe] mpal WHele BA Fd
A ol &3k 23t YA SF3tE AW FL 23.5%9] v & Xt 515W(0=
roll maneuver-J Aol Brer) i Eo) 5d o]ite] ¢ F Fol EA o HajAA 27FHE A

2
e st A 9SS & & Utk tEA AdE94de Aol BlFAx R 27 (SAR)9
AHA R AR FHEL LF WEAF) ] Ykl 949 8 X 17 go] dFsATE Q71N
DET(Direct Energy Transfer)e 2 oA A2l &, 12l 3 PPT(Peak Power Tracking)e 2 o
Ag 22 S gebdth 95 1-3d Zell A 2433 A1 (90%°] 1)l DET 9 PPT ®io] 2 -&5H,
11 o] & HlolH Tﬂ(go%-m%) HEAFER (102%-110%) a8 AlFEA010% oS &

n mlo

P A BZAA O E 0.21AZ SR8 YA miE S 21T F 2] Fo] E017 w7hA] uy
B2l & N AAUZ fFRsE ol FHoln
*leil A

aﬂ44%qa%ﬂtaﬂaa £ 2@ EA 2eA4e A HAL el
F3 oMt G RY, Az AojAl 28l eV
%%wa$al—4%w+‘%zaawEE@mMMmmaﬂ%ﬂﬂ@ﬂﬂﬂqu%@%
g 2978 4 SE
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E 1 dEA 889,

71z Ag-gguy

9% 0193 DET

A= 1:2dx  17minutes DET/PPT
& 2.3333  13minutes DET/PPT

E2 o954 AL494 A Hal.

7 % DelV  FX4  ¥)(%)
(m/s) (kg)
WAl ol 2] B 25.3 6.14 8.5
gaig A 18.7 4.55 6.3
Z Atz Ao 8.93 2.18 3.0
delv dx - 5.68 7.8
2} 2] o] - 32.69* 45.0
F7e 24 - 2.18 3.0
L=l - 19.18 26.4
A A - 72.6 100.0

* PA-f A RE AT ALE
*7}-@:

A =
AA-FARE

2) 931¢) 197t
£82 9% AV AL

3) 90% 3%

oo
tlo
L)

AAZ Aol ARELINFe] £22FE dRE YARY, AL Ao} T2l AA L8 AT
eV A& Fol hd dldkg FEolth mhebA, A4 el £8717Fe) A AW-4X L=o] @l
E S0k @€ Aol 9453 L 1559 FEZ S7HATh B 2014 B vleh o] $4do] Hot
o FVR el N €49 SriehE AR BhUL 19.18kgol o, o] & o 1.4d9) 37t A s}
o170 doh B2 WAAS BAI2 21 Qo2 7} 30km o] ol Ak HALZ} o217} 0.120° o] ol o]
2 R A A9A ARE Ageiok 57] MR PRl FaE 5 AUk

4.3 HiEjz2| YA Alo|E

T EA AL AVREE vl 2l e 21Ahe] £33 2t 224 2 T4 F Super Ni-Cdel E] 2] o]
oo wiE 2l A7, HANS, 2eln e HA g Aol 2ESA S W AdFLog AL
5™, 3d e AAE7Zt Btel 16,0903 of F3PH Ato] 2F AR whebA], A A=A o wiE g
= 1d0) 883 Hx2] 2] Alo)E& A dl= FHA AT L wlE] glonjs) Alo] EH o) o] R 7
#flok gk 17 32 Super Ni-CduRE| 2] 8] QAZFAI @M A& s Al A|g e AF(H T vig el
9] 2571 10°CYd 7 $)olth 3o 31%<] A Z o] (Depth of Discharge; DOD) el A 2 30,0004}0} &
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LEO Cycle Life vs. DOD

100,000

50,000 \\

30,000

Life Cycles

16,000

10,000

5,000

0 10 20 30 40 50 60 70 80
Depth of Discharge (%)

293 WEY e o Wil

BAxe] £ E 27 Wiol ol AAAL sieele] Ao wiE e £3& Fs5.6d AxTdE AL
2 4 Sl
4.4 BXREO T SAIEZS I8

Azt E FG 27} v B Fol A At JEAE dod)r] Bl QFAAY] £ &
FH o F YF-E A FH R dsted Aol BYT 4= it T2 AL Ao &
BE ZFANFELE SFHA U 240 BAA T A" 2Ee oS3 )
- 80C186 CPU
- EEPROM
- Static RAM
- Dynamic RAM

E 3 HAAFE A WAE NEHQA & O £FEAEA] 1A dF Ha F0, o4
] £ EA}E%(radiation storm)o] ZH&-317] g & FFEBAIBA ) 2§ FA o A s E

aAettts AE &S ¢ AT AAA = BAHAE A Anik E13 E2e AAIFol o 23 B}

el 100 8 L} 5= %*1’—'%‘0] Zobx A o Kol A ZalE g e A 2} EAFE ] o
FANE AEE Aol Urt.
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E 3 $FRAb) @ WA,
® & %3] & 7 7}(total dose effect) SEU SEL
80C186 <2.5Krads(si) 1 SEU/34.2 years none
EEPROM 33Krads in read only mode 1 SEU/34.76 years none
Static RAM 30Krads 8-28 SEU/day(# £ % 12871t} memory scrub) SEL immuned part
Dynamic RAM  30Krads(si) 60-61 SEU/year(& 2§ 16 7}t} memory scrub)  SEL immuned part
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4.5 XA (EOC/LRC)2| AT

g2 A8 F gAAQ MapFEI e} (Electro-Optical Camera; EOC)E 31 d 2ol A 2]
A2 2(0.9767) = &T271(0.9410) & TE3I 51d 9] o F475(0.8940)9] A $ol) A Er}F 72
o & m At =S 9§ A4 =79 2HLow Resolution Camera; LRC)S] 7 $oll = 9] 7 3
oA o] A EE 090992 872 098 TEHe 5o ¥ Foll= 0.84900.2 Hoj
A AP zrt QF2de F oozt Azt A& 770 Sl AA FHAG o] dojH &
< ojnlatr] ol o] A ol AFHES i AP sle ETF AFAs FEo| FoEY=E A
olulgich ol Bot I 9 e F &AM e 19HF AF5 At gEo| Letitte FolA o]
@& ce 32 ofyrt.

4.6 ¢tF Alm(Single Point Failures)

ARGANA ANYE dFEHAE AFHAE e H A E FHFo=z ﬁ"’ia’ﬂ HAel dfjm=
g3k ol A &) A (Failure Mode Effects and Criticality Analysis; FMECA)-S <=8 3}8, o] A =7}
A Aol dEE T stedo] Ao P& Fddte ol 711;‘4 o2 o3 4894

ddd A E AASAY Hox ole| g A 7Hed S FAaAF 2 A 984S HrdslEs
Ao of gt B o] o] RAA L E ’0}04 gddd Aurt F2 AsAs 2 A
watA] FE2E @l ¥ 4= 0 EH 4840 2EH Aot He R E2
ole] #2148 1&g Aol (TRW/KARI 1996a,b).

Jl—j tlo

ol

4.7 M o{ R E(Redundancy)

gt B To|u} Al AEl] AP e E
7 g AHE Fus eHSF 2
Mg REe) Huz AA7)Folth o2
VEF &3] o] &3 Foll dFF + gle ALRLE tivlslr] et &2 aefsfof 35_‘4'
L&A AFEL FF FEH MB B FEY dEoR Y 5 Utk A7E FL
et e Aol e 352 sl ot 22 A FEo2 AFH

- W 5H (7] 548) o 5% (internal redundancy); £& (& £0], AHA| 4z F) oA 7l 54

F3A71E Wl elE o2 7k e, 7 $ 2
2, B2 Al 2wl AAe] ge3 dAGY -r-°4 131
FHHES WAH g2y Aage] daxs

»

z&
" >
PO T D [

o o
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