NN R N W 55 29 5 4 Y]
392 SPACECRAFT ENVIRONMENT ENGINEERING 2012 4 8 J]

H

B3RS IR S EEN T ERIE
S HT S hnE R R

Bl &, & &, EAM, BE, k4
(g AT, L 2002400

WBE: IFHTE2HTFRNEHREFHOENKERTT R, SEDEZHEEOAEREILLE T
HHEILE. MBEREESFHTT 00, RIBLENKEES . THRIEZEFGAEMNT, AREFfKERS
iR T B PR TR 09 S Ar I da it m Bl it 7 ik, K T E AT 54,

KR T2, $BE T8, AR, RieHmE
XRAARIRAD: A

FESHES. V41T, 7; V41972
DOI: 10.3969/j.issn.1673-1379.2012.04.006

0 515

2 ) S P 3 3 M BR A M AR T (R
Y TR T ORBAREEE (2352 Tl
BT LU 2 A R, A S RHE s 4T
(1 R = A2 R RN R 250 DA R 7 T FLRK
I o 3K S BRI 0 7 el i 38 1 ) K o R v ]
FEREIBAT, S S TR e g T R 2 — 12,

T, A TR RS LA D b &
M, ABAA D EOR T N AR S A A BE R A
L LMK . B U AR )
BETEAS B A A3 1AL PR 25 [R) A 55 3 2501 AE i B
I A A TR AR 2 5 Ab BRI B
FPGA ki RIS 0F, SRR R 5 s
AT H TR RIS, T RS R B 1E R 3k
HY, 235 K FPGA SR TR K A= 1 fie 5
fhivEAE

AT S BT AN [ o T 2 T 3 () 2 R A
B LA K TR B Sh 40k ARG e R B /a8 T2
PA] 2% (1) 1 S PR 55 2 B Rt (1) 2491 5 93 W e = A4
HLELRR I AH OGRS i, 255 AT S, &5
1331 DA HURIRIA LR S 10 BT v o AR
SIS R CAEAH Y S RIS RN, g5 mT
TR SUA N SRS ST EEr ).

Y5 BER: 2011-12-12; 1&EHEA: 2012-04-15
EEWB: “t 247 L HEFEATHHEHL

XEHE: 1673-1379 (2012) 04-0392-05

1 DEBNHRG
Rl 1LY D EZ R S e S VAR B P IPAN N
A L NI e W IN E A E S TN == R 57 S iU
LR AR o P AR AR A0 T 2 HRTUR A AE L7
R B SR P 2 — o A AR R 2
TR AE AL RS NN 1 TR o
x1 DEFSTRGRRSHN

Table 1 Radiation effects on parts of satellites’ electronic devices
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Table 2 On-orbit failures caused by space radiation environment
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Table 3 Statistics of SEUs for different modules of the
integrated processor
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Table 4 Methods for hardware radiation hardening
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Analyses and countermeasures of in-orbit satellite failures caused by
space radiation environment

Zhou Fei, Li Qiang, Xin Tailin, Wei Xifeng, Zhang Hua
(Shanghai Institute of Satellite Engineering, Shanghai 200240, China)

Abstract: The in-orbit satellites’ failures caused by space radiation environment are analyzed by statistics. The phenomena

and the mechanism of a typical in-orbit SEU failure of an integrated data processor are discussed in detail, with consideration of

countermeasures. Based on the analyses of some real cases of in-orbit failures, the engineering experiences and the simulation

analyses, this paper proposes methods for radiation hardening through hardware and software approaches, which may help mitigate

the SEUs and extend the service life of satellites.

Key words: satellite; single event upset; in-orbit failure; radiation hardening



