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Abstract

In light of the rapid development of the space industry, there has been increased attention on small satellites. These
satellites rely on components that are considered to have lower reliability compared to larger-scale satellites. As a result,
predicting reliability becomes even more crucial in this context. Therefore, this study aims to compare three reliability
prediction techniques: MIL-HDBK-217F, RiIAC-HDBK-217Plus, and FIDES. The goal is to determine a suitable
reliability standard specifically for nano-satellites. Furthermore, we have refined the quality assurance factors of the
manufacturing company. These factors have been adjusted to be applicable across various industrial sectors, with a
particular focus on the selected FIDES prediction standard. This approach ensures that the scoring system accurately
reflects the suitability for the acrospace industry. Finally, by implementing this refined system, we confirm the impact of
the manufacturer's quality assurance level on the total failure rate.
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Table 1 The grades for each certification to distinguish

the Manufacturer quality assurance level
er quality

level Position relative to

QAmanut:
the state of the art anfecurer

Higher 3

Certified 1ISO/TS16949 V2002

Certified according to one of the following
standards : QS9000, TL900O, ISO/TS 29001,
EN9100, AS9100, JISQ 9100, AQAP 2110, AQAP
2120, AQAP 2130, IRIS, IEC TS 62239, ESA/ECSS
QPL, MIL-PRF-38535 QML, MIL-PRF-19500

1SO 9000 version 2000 certified

No information

Equivalent 2

Lower 1

Very much lower 0

Table 2 The grades for each certification to distinguish
the Component quality assurance level

) Position relative to
Component quality assurance level QA component

the state of the art
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Qualification according to one of the following
standards:

AEC Q100, MIL-PRF-38535 class V, ESA ESCC 90xx,
NASDA-QTS-xxxx class I, NPSL NASA level 1
Manufacturer qualification including tests conforming
with standards JESD22, EIAJ-ED-4701, MIL-STD-883,
IEC 68 with identification of "front-end” and "back-

end" manufacturing sites;

Higher 3

Qualification according to one of the following .
Equivalent 2
standards:

MIL-PRF-38535 class Q MIL-PRF-38535 class M, MIL-
PRF-38535 class N, MIL-PRF-38535 class T, NASDA-
QTS-xxxx class Il , NPSL NASA level 2 & 3, STACK-
S0001

Qualification program internal to the manufacturer

R . X . Lower 1
and unidentified manufacturing sites

No information Much lower 0
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Table 3 Component quality assurance level for Specific
Component Manufacturing certification and
quality System certification by Industry Sector

IATF 16949
) 7IEF e 8 15029001
Automotive VDA 6.x 0.8 _ 0.5
7l 52 1509000
QS-9000
Other commercial - 0.5
No information| - 0
No information - 0
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Table 4 Component quality assurance level by Industry

Sector
Position
Component quality relative to
Grade QAcomponent
assurance level the state of
the art
MIL-PRF-38535 class V
ESA ESCC 90xx Very
Aerospace . 3
NASDA-QTS-xxxx class 1% Higher

NPSL NASA level 1
MIL-PRF-38535 class Q
MIL-PRF-38535 class M
MIL-PRF-38535 class N .
Aerospace Higher 2.5

MIL-PRF-38535 class T
NASDA-QTS-xxxx class Il
NPSL NASA level 2 & 3

£ BE MZE certification E2 AM2H certification
Position Position
Manufacturer . Manufacturer .
) relative to . relative to
Grade quality Grade quality assurance
the state of| the state of|
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the art the art
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Space grade + 16949 V2002
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Table 5 Model associated with the experience factor e

Description of the risk related to use of Value of the ¢

this manufacturer factor

Recognized manufacturer: Mature

Processes for the item considered
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EX HI X
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[Temperature| Temperature cycling Humidity | Mechanical Chemical
0 Maximum 0
B Calend: Ambient o Number of Relative Random o . o] ] P
:-:v %r;f/ time |temperature oAé Cyclﬁduratlon cycles dterril;peratl,llir: humidity TS Sﬁhzen ||v|ltﬁ| e Appllllctai“zn IIvI
ame (hours) °C) (°C) (hours) (IPhase) u ?oéx)/c g (%) (Grms) pollutio pollutio pollutioi eve
PH1 |ON | 4,380 h | 32.50°C [35.00°C| 1.67h 5110 50.00 °C 0 0.00 Grms Low Low Low Hermetic
PH2 |ON [ 4,380h | -25°C [35.00°C| 1.67h 5110 15.00 °C 0 0.00 Grms Low Low Low Hermetic
Table 8 Environmental Conditions Considered During Satellite Operational Phase
(Temperature, Temperature cycling, Humidity, Mechanical, Chemical)
Table9 Example of Space-Grade SRAM Type for 4% 9148 A&3tr] Agke FIDESE o] &3ho]
DRAM Memory Function Process®] ¢la} & REZal gz A A Bz 2=
Name Component type Description Quantity %% ZHZJI—}B] {5}_l -?——7,‘—%1]— COTSE_%-O]] EH?:SJ— }‘\_]_E]E
SRAM Central digital DRAM memory function ; oi]_é—_ % H]ﬂ{j]_?j\]:]_ HPM?_]_X]' o]g/]g %;QE]L“: [ﬂ o]
functions (DDR-SDRAM, SGRAM) _ - N
BEL A4 ~E# 2~ 3743 PhaseE Uyt sHA
o] ZER O] AN AQglol o A %
Table 10 FIT of Space-Grade SRAM Components b glel el ARs Hgstglon, FIDESAA A
. T o . . 5= - ) =) = = O =)
Using FIDES Reliability Prediction Analysis &3t Tools o]&3ate] A% o5 udES ALtet
Technique At}
FIDESE o]&3% F4d 59 Aol tigh A% o
Classificati Percent - -
Data assification ercentage = 1;{0]_%% H]E’_oﬂ% 7%:4_ 9_11: 148HH _T’_Xo]'%c’] %7“
Stress FIT Stress FIT % _ ~ — =
Thermal ugtom, ol AlxgAe #4 BT g AT
Thermal 287791 Bl 6422.175434 0.9571099 . - e ers o B
e AR A e Zol vHE GFol A AgHrhe
Thermal 287.791288 0.0428901
Cycling 6422.175 erma AE G T Uk

Mechanical 0 0 0 FIDES A% o= 1248 F3 EE®ak oy
Humidit 0 0 0 sz w -

e - . - COTS ®¥9 45 w3 £xd B3 ALHow )
ermo-clec ~r -
o . ; ; A wdE s ek AW COTS ¥Ee 4a%
Electrical 0 0 0 A} ks A &shrlol g AZE Advk wEkA A&k <l

Z}ol ks =%38}7] 918 Process T QxS o
Table 11 FIT ~ of  Automotive-Grade ~ SRAM 3 HegEe ARzaa, o AE3E di4s Ale
Components  Using  FIDES - Reliability s spqjol ersre g4a i slolof o Rloleh,
rediction Analysis Technique . -
Y a MR BAZA Agstug o, AA wEe
2 =3 5l 2= o) = 51 o
Data Classification Percentage }‘\—]Q’J‘E 01]_|o]—j7_ H]EUE TR Eﬂo] E1 Q'—E'] 01
Swess | er | swes fr % dgol Qo] mw BAw AYSAHUL. FFE AT
thermal | 42073 | mema T osasooross | 09571099 AME AA HES AL AxYA FD BF FF
oo Ho 5 =ro 5] Az
Tcherlfnal 0505007 Themal 4260739813 | 00428901 SUAkS) okl WiE S TEsked FIDES tA%
cling A = =
ycling AFE e val B4 A g o)),

Mechanical 0 Mechanical 0 0
Humidity 0 Humidity 0 0

Thermo-Elec 0 | Thermo-Elec 0 0 _?_ 7 |
chemical 0 chemical 0 0
Electrical 0 Electrical 0 0

o el A 2019 wHEA 7=
5.4 = WAt PM 71 8AM (2 42F SAR AT A 2 Al
A% EW 285y F)e B =EY A7ASY
N Y,

oA E A AMEEHE AR A5 74
MIL-HDBK-217F, MIL-HDBK-217F, RIAC-HDBK-
217PlusS Wty 22l COTSH-ES )43
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