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Abstract Unlike ground weapon systems, artificial satellites are difficult to maintain in the case of
failure. Therefore, work is being done to increase reliability in the development stage. In addition, it
reviewed whether reliability prediction has become a design that satisfies the required reliability. The
reliability prediction results are affected by various factors, and it is very important to accurately define
and analyze these factors to increase the accuracy of reliability prediction. Because most components
of satellites are designed with redundancy, this study evaluated the method of applying redundant item
FIT (Failure in time) to increase the accuracy of reliability prediction. This study analyzed the influence
of the FIT of redundant items on reliability prediction and the application of the FIT of redundant items.
First, this study reviewed the cases applying the redundant item FIT. Second, the reliability prediction
result was analyzed according to the FIT difference. In addition, three theoretical methods for applying
the redundant item FIT were reviewed. Finally, this study found the impact on the reliability prediction
results and the most appropriate method when each of the three methods was applied to the reliability
data of satellites for which actual research/development was carried out. This paper proposed a method

for applying the FIT of redundant items to increase the accuracy of satellite reliability predictions.
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Table 1. Failure in Time of Standby Item

Redundancy
Design Type
Hot Standby
Redundnacy Item
Warm Standby
Redundnacy Item

Cold Standby
Redundnacy Item

Failure Rate

Same as Primary Item

less than Primary Item
but nonzero

zero

Cold Standby BE9] o]5s} AA 9] 4%
7F AHE 71k HER 7] &5 2L B é‘ﬂx]
EE #oA o]F3t ofoldle] 1FES 008 7HE
9SS AT 4= otk

AT 87hdS naet
AE A HI7t e 1ES Hl ofoldl 1E
9] 10 %= 7Pgsttt. A mRIZb AefelAle
MIL-HDBK-217Fo|A AAE 14E 440 HE=+=
=8 AY, A, 2%, AEHA ZgEo] FA HgHt
ol A vRI7E AdH el dES 10 %= Bt
S35t ATH]

7(
\_

101

AF|E o5 AR )1l

ML
42

e o

=
=2

of
o)
2

w
T

0%

EH
shEglo] ul7t ofgix Algael e
B 4B YT S Sls) A
gol vl FRstch & 4 ik webd
S Ak LR BN
Ae £2e) Ao o135 ololde] TE X
oo Tie @72 Sgskict
24 B ol ofoldo] 14E Mslo] wet 4
29 A g BE 24 Bt G B4

A i

q
=2

_(H

o4
rlo

il

o o 9

N
ri

A B
L 4o

1:

O_u
>~
O

I -
FN

52
-
é
_>L

sgict. o153} ololdl 14E A8 ekl el 3714
]ix—lo] H]—@E_Q_ ﬂEo]-Oﬂ Ou:] M tﬂo]]ﬁoﬂ -Lg. lg_l
24 Bajo] A2d AT olEglol gt JPAL



SHEARSH| &80 5 2] #1248 A10E, 2023

r
_?L
)
T
W
o3
N
= rhu

oA ol53 ofels] 18 of
1B AT 5o JHAYE o

iT

2.1 A|E|E Oﬂi M

U9 &8MES 1Bt AFE S Al Aol

A A AR 78S QIEAEL] ABAIAE HolEE
71&0 2 o]F3} ofoldl 1AFE Fh HIlo| WE A=k
ASgkell sl dIF oI5 BrE 9

sto] 7 AE HolHE ARESIg e, IR o535t

ofo|g]9o] WAET IS = YA 0E JPIS 24

O]'ME}'.

BT B4 ol Bz AL SSSY AlEe £
to]o 182 Fig. 13 Z2m, o] 5 Block 19 o3t
ofoldl WAE Fh2 thEA 283t 4¢SS 9 A= 4
Z3r wslel Bag @A RS E4519 Block 29

& 718 AT NS RAIRE R o]F3} ofol|] 1

A
Al

Qs

£2 9l ojojdlo] 10 % HL85FAT} Block 3= Tl

A%

s} Auloln, TRPIAR 7|2 47 Ade
AR g FAste] e St

JH=

1::2 Cold
(Standby)
Redundancy|

1::2 Cold (Standby)
Redundancy

Kof N
Graceful
Degradation
Redundancy

——r——>

Block 3

Block 2

Block 1

Fig. 1. SSS Reliability Block Diagram

Block 1 o]%i]- o}o]Eﬂ TAES uﬂo] O]—O]Eﬂ_,] 10
%E 90 %7HA| H-8oto] SS9 AFE A& A
gt AFp= Table 29+ Zth

SSS 9] AlFE EH®FE2 0.85 2™, Block 1 °|%F
o} ofoldll FE ghE Tl ofel=] 20 % oMoz A
& Al ZRghe 2 Eoke 29E gl & AN
ot wh2bAl, o]53} otoldlle] 1FEo] ek et ofsh
o =2, £4 glo] AFE dI5S st Syl 2
goll Al = it 2/de st A HAol BasyA]
A71, 7 A A EE sl

452

Table 2. Reliability of SSS

Classification Reliability
(R/P Item

Failure Rate
Ratio) Block 1 Block 2 Block 3 SSS
10 % 0.894731 0.98 0.97 0.850531
20 % 0.887297 0.98 0.97 0.843465
30 % 0.880112 0.98 0.97 0.836634
40 % 0.873167 0.98 0.97 0.830033
50 % 0.866451 0.98 0.97 0.823648
60 % 0.859956 0.98 0.97 0.817474
70 % 0.853675 0.98 0.97 0.811503
80 % 0.847599 0.98 0.97 0.805728
90 % 0.841721 0.98 0.97 0.80014
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Table 3. Dormant Failure Rate Conversion Factor[8]

Device Conversion Factor
Integrated Circuit 0.04
Diode 0.01
Transistor 0.02
Resistor 0.03
Capacitor 0.03
Switch 0.10
Relay 0.04
Transformer 0.20
Connector 0.003
Printed Circuit Board 0.01
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Table 4. Condition by Study Case

Case Standby Item Failure In Time
1 Zero(0)
2 Primary Item / 10
3 Multiplier Conversion Factor(Table 3)
for Primary Item’s Parts FIT
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Table 5. Failure In Time for Each Item

Failure In Time (Failures / 10° Hours)
Item Primary Standby Item

Item Case 1 Case 2 Case 3

Al 733 0 73.3 19.24

A2 563 0 56.3 11.34

A3 539 0 53.9 16.86

A4 167 0 16.7 2.79

A A5 136 0 13.6 4.15
A6 998 0 99.8 50.62

A7 286 0 28.6 0.86

A8 153 0 15.3 2.73

A9 143 0 14.3 0.43
Al0 906 0 90.6 2.72

B 363 0 36.3 11.02
C 540 0 54 11.87
D 3981 0 398.1 167.20
E 1162 0 116.2 30.21
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Table 6. Reliability for Case 1/2/3

Case Reliability
Block 1 Block 2 Block 3 SSS

1 0.902422 0.98 0.97 0.857842

2 0.894731 0.98 0.97 0.850531

3 0.9 0.98 0.97 0.855540
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