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Abstract : X-ray streak camera is one of the key measurement instruments in laser inertial
confinement fusion experiment for capturing transient X-ray pulse radiation during fusion. The reliability
for X-ray streak camera working under strong electromagnetic pulses in laser fusion experiments is studied.
A reliability model is presented and the reliability coefficients are assigned for each part of X-ray streak
camera. A Failure Mode and Effects Analysis(FMEA) is carried out for X-ray streak camera. Reliability
and FMEA analysis indicates that the streak tube is the most important part in the X-ray streak camera
whose reliability coefficient is higher than others and the streak tube’s breakdown can cause serious
problems in experiments. The reliability and FMEA analysis provides guidance to carry out
electromagnetic hardening for X-ray streak camera and enhance its operation reliability under strong
electromagnetic radiation environment.
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O M 24 SR 3R A 2 R T e D) AR OGN JAL B AT IR AR, AR S DA S BRE R ) SR AR K B L RE BRI
PO 24 SR SR A S P (T SO K bR R, O B R R R B, AR S K RO R PR R, AR
PR PO i B k7 A A R RS B R L OGS £ SR SR AR S T S o I S A A I ] 23 B RE ) A AR e
Ko XL AR BUMBLIE — Fft i 6] 6] 20 B A 00 A 2%, T Tl st Yy B AR rh X R BB S AT, S g iR
A e A5 18] 23 B BRSSO 2 W Rl o X S 2 2R SO PIL oA W i 26 P SR IR ST I 2 W e s, R OB E . A
A IR W BT SR T R S 0 0 AR

IFSHHEA: 2017-08-15; fEEIAHA: 2017-09-05



846 KB EZE5BFEEER %16 %

FE A 5 AR ST A E T R i RO G, AR R S 7 A o DK P R B . BRRSE R A T RO
A R 5 R G e A O Ak R TS O B S WS B, A B S0 oP SR O T A 1 R R DK b R
LA W2 5 3 v (W A5 3 AT 38 10 kV/m), #5B 7 36 0% 96 (0.1~5 GHz LA B 58), Fk rhirseit a4 (-3 ns, S0k
Jok M 2 ) A O K R O 4 0 R R R BE R, X B R AR SO HILIE AT Y B RE Tk S T R (A
TEMA . AR SChE X XS 2R 4% SO ML 32 306 B B0 92 56 o 58 el 1% 8 S PR R 10 P SRR HEAT T OFST . MR X B AR AL
AL RE LSRR A, $2 R T H AT SRR, X X SR SOHPLS D BE e AT T AT SE MR A3 T, A ko L g i
A7 e e A5 =R i 43 (FMEA) .

1 JRESH weep si imaging
sweep s gnaL/- :_ e Dlane
N \ N sweep-circuit electrode
— G LA B SR SO AL FE B AR A (O I) . R

Ghas . AR B ArES f1F (Charge Coupled Device, plasmas D.
CCO)LI B H B E S RA AN .. Ml RPmE 1 fr *—:O electrons

]
R X HLR ko R R G B B B A e T, ESR IR § 5
PEWA R X P, e TR OE H TR S SR L B A R A photocathode
AT, S T AR . AR 1 E B Ll — A .
Ik b R 0 B L T e T A T e 28 A =

Ay FosXtH F T M. EHRELEX N, BFAAEMN Fig.1 Operation principle of X ray streak camera
7 1 085 BE 1 T HL A BB B RO 20 R 2 R IR
PR B HL T D e B R R R SO R BRI B, B — AT W (R8T RS %S S A R R
AP CCD Lk KBUF T HYSRBERBL X SFLR ISR B, Hoas Al o B IR B X IR 4 A S A i 221

X SR BOMALE TAR B, ARG I T PR R M ALRR R T AR RO 2 ORI BR 7l i T &
GUIEH TARESN, SR X 52 vl A 55 08 T AT R (8 TR, T Tl fe , S BUN R E S S ARG 5k
Ho 5 X PPN T & B CCD RARIEML . R B DRl & S5 B G, 5 BOR A I W &5 7™ Fh e e

S LG RR AT T X S SR UL AT SE k15 % AN B0 BT 32 21 9 PR R R A R B DDA G, A BT i A2 EIL Y
o 8 0 50 B 5 AR AL TR 2R 0 AT TR . A 2 RET 3 B, BEIRAIALON ELERAE M, IKORHEAT A R L 1R
S At . CCD. 140 HL B A3 M R G0 45 B0 o JHL o (67 T MTRIL B i i ) 22 40 42 G TAE SO SR A2 B0 O o, LB
A A7 ) PR T S IR R R R DA A A et A v Ik o S 28 1 AR B R A LA S 2R A A
DU T A, R 52 B AN 1) B2 J5E A S8 0Ri o TR ORGP A AR L 2% 53 3% 0 1 i L RE B 5 T 9 T A P 243 5 2% DL i ik oo
FEARBLIN B 1L 1 R 1

CCD recording — auxiliary electronic

sweep circuit — sweep tube — image intensifier —
system unit

Fig.2 Reliability block diagram
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Fig.3 Internal structure of a streak camera and experiment setup
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Tablel X ray streak camera reliability assignment
environmental rating of rating coefficient

subsystem complexity technical maturity importance severity subsystem of subsystem failure rate
sweep circuit 5 1 8 5 200 0.048 3 0.005
image converter 9 3 10 8 2160 0.5215 0.052
image intensifier 5 3 5 7 525 0.126 8 0.013
CCD 8 3 8 6 1152 0.278 1 0.028
control unit 7 1 5 3 105 0.025 4 0.003
4142 1.0
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2 X PR IRLAHLIT FMEA
Table2 FMEA for X-ray streak camera

function unit function breakdown mode consequence severity rating design improvement
L . . sweep distortion distorted data . o .
sweep circuit impulse generation : - - 1 electromagnetic radiation hardening
wrong triggering data capture failure
sweep tube photoelectric deflection sweep distortion wrong data I electromagnetic radiation hardening
image intensifier signal amplification signal distortion wrong data v structure optimization
CCD signal recording cram data capture failure 1 electromagnetic radiation hardening
control unit system control control lost data capture failure v electromagnetic radiation hardening
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