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Abstract Satellites' hardware cannot be maintained during their life cycle, unlike general ground or air
weapon systems. Therefore, they should be set up reliably for their required life, and design should be
carried out to increase reliability through product assurance at various stages during development.
Predicting whether a designed satellite satisfies its reliability requirements is an essential task for the
success of satellite development. In order to increase the accuracy of reliability prediction, we
considered a very important factor to define the satellite operation concept and analyzed the effect of
the operation concept on the reliability prediction. First, we analyzed standards and methods used for
predicting satellite reliability, such as failure rate analysis and reliability block diagrams. Second, we
analyzed the types of satellites according to their purpose and orbit and compared the differences in
the operation concept according to the types of satellites. Finally, we analyzed the reliability data of an
actual satellite with different operating concepts. Depending on the difference in the operating concept,
the result showed whether the reliability prediction value satisfies the required reliability value. As a
result, this study suggests the importance and necessity of reliability prediction considering the concept

of operation when developing satellites.

Keywords : Satellite, Operation Concept of Satellite, Product Assurance, Reliability Prediction, Reliability
Block Diagram

£ =72 LIGNex] @FIAR FP= S

*Corresponding Author : Hyo-Jun Choi(LIGNex1 Co. Ltd)

email: hyojun.choi2@lignex1.com

Received August 22, 2022 Revised September 23, 2022
Accepted November 4, 2022 Published November 30, 2022

369



p=4

HERNL P R

2 A234 A11%, 2022

=

—

1. M

I+ 28o]A(New Space) Altigk= £8
A W7t 710l FAlo] He At AR H3teta

=)

ML 59 HHE 1 5 A2 13 o
lom, FAF 529 1594 N 48 A
At
T FIAARA A AAES AH|7 7hsstEE
AL} B Au|e, 7MEE B4 HFHoR
7ML E UEle o 82 £ @5 FIAAE 9
Al & F A= E7FssHARE, AAdolA ti71sks 7]
7ol Qu|7h S&5] 7hssith. sHAR A58 A+
51 1 717 S ATEo] B E= o533} AH]
2 73 2 o9l st=dely 1 AFH|7t E7ksst
of wEkA, QIFAdL 58 ZE(EM: Engineering
Model), ¢1& ==(QM: Qualification Model), ¥]3}
LE(FM: Flight ModeD9] 39A19] L, Al A8
APstal AEEZ(PA: Product Assurance) S7-ARY
Bl LAIEE BE AR, 39 T, ARe B4, 1
F 7 9% 2 AP E4(FMECA: Failure Modes
Effects Criticality Analysis) 59 &0 2 AlFAHS
gHstar gl

AREFT &3S 59l 1 29 AFAS Bl
= AAlsH AR JIEA489 A7), AL EE =
el Aok} A 47, vl T AFFARL Aok 11
A B3 S sk, 1 £ 7 5ty Al
BE ERie vEole 2o dAVt dasit

AFE B4 A BE BG4S 992 8% H9 A
F} W2 Zpol7t WAgsto] AlFE B 79| &-gol
E7MsS ok Stk 8RR BAM HYEg A
717] leiAe 2870 £4S B3t Bkt 88
RE EAo] H8E IFE FEIt == ofof it

A4 EIMES At B0 what ohefsid,
A e BRI oS5k JA] olF LESlof STt Ei
2 olE 1PN, &S FFPote 7@l ol
IR Roto] BA4E APste 49 AR A
A& AIE =&5HA "ot olof wet BxgEe 350t
A Eole A N 44 A4, HE A5 59 EAF
o] HHA¥gt &= Qlrt. webA, AF|E dlE A )1F$1449
+&NdS 1 E87t Stk

£ AqollAe 278 EE0A IFH8Y AFE A
o &= B4 ol&7 AT 287Hdol thsh

o
=

s
]

370

Hojstglon], A A 9475 Fo 2871 4ol
A= o] vAE JFS AL, 3% B2
28749 Aol AE ofxe] HIT Pyl XL
g} ol e 4 % g A7 el thef T
ek,
2, 28

2.1 QB9 MEIE A @y

AFAYE) A 53 I AT B4
of B Azl B md Hgo] Basht, ATt 41

e AHA9 HE2 vehs Zold, Aol
YAE 2N FHE 712 5% A 5L 5P
¥ 4 Qe B Julsiehl. AEe] B4 BE 4
H= HEsh PO, 2E Bole DY BT
0 AUE ALE B9l A 24 mdo] yigstol
N 53 HAT 5 Ak,

= U=

o]

2.1.1 M| M

AR e He= et AR 73, 2870, 7
[FARG] w2t o PR #@Y 5= Sk
A F7IAACNA = 2 7 AlZEe] HHMTBE: Mean
Time Between Failure, |5} MTBF), 24 7t 722
BH(MKBF: Mean Kilometers Between Failure)&
F8 HEZ ARRTE ol 1A Al M7t Zhssithe

=

4ol aEEglon, 28§ 71Xt & WRIEE o
Stal 2 2] B4 A4, E 28 wd 5o 282

1=13
=

Qlu}A o]

21w

= Atk AT A FIAAIL E2A sf=4glo]
I A Au)7t ErRsste R QoA AdgE MTBES 2

S AL 2 AMES 4 it} ARG A4 AA| 7lol=
521 MIL-HDBK -338Bo] w2, A4 £z mz}
BY Sy7ix] Y& g5 B MTBFE AL 445}
o A &g $PEE slo]=35k glon, QlF
2 Au7t E7FsSHER Eq. (DI ol E3F ARt
B 1% Qo] YFE FHE 5 = FES ATHA
o AFE Axg ARZIH2I.
R(t) =e M Q)

Where, t denotes time, A denotes failure rate
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Fig. 1. Reliability Block Diagram Example
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Table 1. Number of Mission per Satellite Altitude

Satellite Number of Number of
Altitude Revolution Mission
200 16 16
1200 13.2 13
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Table 2. Reliaibility Analysis Conditions of Example

1/2/3
Classification Example 1 | Example 2 | Example 3
Lifetime 5.5 years
Spec. MIL-HDBK-217F N2

Analysis Method Part Stress Method

SF
55T

Environment

Ambient Temperature

Derating Rule Apply

Orbit Time Approxiamte 90 mins

Duty Cycle

(B/C Module of SCE) 100 %

50 % 20 %
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Where, A denotes module failure in time, Aon
denotes module on failure rate, Ao denotes
module off failure rate, to, denotes module on

time, tof denotes module off time

®

Where, A1 denotes microcircuit part failure rate,

A=(Crp+ Cymy) XmoXmy

C1 denotes complexity factor for gates number, &
1 denotes temperature factor based on junction
temperature, C; denotes complexity factor for
the package type, mr denotes operating environment
factor, mo denotes quality inspection and test
factor, m1. denotes the learning factor based on

years in production
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Table 4. Reliability at 5.5 years for Example 1/2/3

Table 3. Failure in Time of Each Module for Reliability
Example
Example 1/2/3 Block 1 | Block 2 | Block 3 558
Ttem Failure in Time (Failures / 10° Hours) 1 0.86999 0.98 0.97 0.82701
(Module) Example 1 Example 2 Example 3 2 0.88690 0.98 0.97 0.84309
A 2767 2767 2767 3 0.89675 0.98 0.97 0.85245
SCE B 1,298 713.9 363.44
C 964 530.2 269.92
L = = e AA] B4 el 8 1S AAE A 94old]
E 3,981 3,981 3,981 SSS9] ohE TAE 9 HEH 287092 Table 5004

SsS] AFk EF tholol1E Fig. 29 Zow,
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2 A= 918 E°|, HWel(Primary) E otejdl 1
2 A|, E AX| &t ozl A, B, C, D 2% H|Ql ofod
o4 olF3HRedundancy) olP|ROR SYE= FRE
A= A

1::2 Cold (Standby)

Redundancy

Graceful
Degradation
Redundancy

Block 2 Block 3

Fig. 2. SSS Reliability Block Diagram
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Table 5. Power Configuration in Each Mission State

(Mlgfﬁe) STANDBY SE?SUDS]EY POR]; SILENT | OP
A ON ON ON ON | ON

SCE| B| OFF OFF ON ON | ON
c| oFF OFF ON ON | ON

D ON ON ON ON | ON

E ON ON ON ON | ON
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