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Improving reliability of timing system in ICF driver based on FMECA method

TANG Ling, CHEN Ji, HUANG Xia, WANG Ling-fang, WANG Chao, LI Ke-hong, DANG Zhao'
(Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: Failure Mode and Effects and Criticality Analysis(FMECA) of timing system in SG-III
prototype is developed in order to improve the reliability of time system in Inertial Confinement
Fusion(ICF) facility. This work effectively analyzes the most severe faults, concludes the disadvantages of
the timing system, and puts forward improvement methods. The experimental results show that FMECA has
successfully improved the reliability of the timing system, enabling the mean shot between failures above
1 256 shots. This work can provide a feasible and effective method for studying on the reliability of laser
facility for ICF.
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Fig. 1 Principle for trigger-signal light propagation
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Tablel FMEA for trigger-signal propagation fault

products or function module function failure mode failure cause task and work mode
electro-optical transferring trigger oscilloscope and physics the drift of ns signal reaches several electro-optical preparing for and
module for ns signal diagnosis equipments nano-seconds transferring design doing experiment
optical receiver module of ns trigger the electro optical switch in optical receiver modules of ns signal electro- magnetic preparing for and
signal the preamplifier are interfered interference doing experiment
failure -effects : failure check method make up criticality
part effects higher level effects ultimate effects measure level
- . experiment is not able to be observe the time . .
framing is not able to acquire the X . . . improving the
. completed in accordance with the experiment fails waveform complete or . level II
image - N design
provisions of technical indicators not
electro optical switch in the sometimes there is no laser pulse experiment fails or observe if there is laser improving the
. . . pulse from the . level IT
preamplifier can not work normally output from the preamplifier causes economic loss . design
preamplifier
# 2 AR AR SR CA AT
Table2 CA for trigger-signal propagation fault
products or function module function failure mode failure cause task and work mode criticality level
electro-optical transferring trigger oscilloscope and the drift of ns signal reaches electro-optical electro-optical
] SoT - . . - . . level II
module for ns signal physics diagnosis equipments several nano-seconds transferring design transferring design
optical receiver module of ns trigger the electro optical optical receiver modules of electromagnetic preparing for and
: 2T . . . : : . level II
signal switch in the preamplifier ns signal are interfered interference doing experiment
failure mode probability failure rate 4 failure mode frequency failure effect working time failure mode’s harm degree of the
level or failure data source ” ratio o; probability B; g harm degree Cy,; products C,
GJB1391 3.25% 0.4158 0.85 753 8.650 2 13.752 6
GJB1391 3.1% 0.168 3 1.00 753 3.929 0 13.752 6

DL PR R | R A5 fih % 15 5 52 R T 0 P S W e A ook ) i 0 TV R R, Lk B 2R W 5 R A
(FMEAYI# 1 fiRU®,

WG FMEA #4558, R T RSl k5 S5 GHik e &N E WS (CA), Wk 2 Uix, €& CA O
AR e FE C,, M e FEEE C TR R ()R )R o X 4 I EE ) AT 55
BrBOmi s, s s AR A R C BT R

ij =ajﬂj/1pt (N
A €, NP AE TARRTE] ¢ P9, LUSH j Bl B 20 2% A 10 56 ™ I 25 R M FE 0 5 oy (R =R HE ) Ay 7=
di e R AR 2R A U 7 T A TR AR AR OB R B R R A S B AR, B L AR SR S R R
B & AR BT, HR 2O W S B0 B 240 58 2 U0 B T I R AR G B A AR, GIB1391 X B, fH Y B Mk
WOTHLE s 4, TR A AT 55 B BE N A s R, AR SR A A b At AR P, O R B R T AR
WHZ s ¢ PR AT S B BE R TAERTE] . st geit . R0 . WA R A . M S R R O v,
JG=12,- NyZF R 1, B
N
Zajzl )

j=1
P EEE Cor IS EE C, 207 AR 4G E T 2R B AL 55 B BT A i RS E G,
Z A,



934 KMZMESEFEEFR %12 %

N
C, = ;B 3)
j=1

W 2, 78 N0 e, R A T R e 0 P SRR A [ 2 filk A £ S I AR R [ A ik £ S 2 BT
W, fEFE LT 8.650 2 F1 3.929 0, FEFTA 11 B rh 2y ™, R cihelcik . AR AT 78 5 A5

2 BETMEESERERERHEERTR
2.1 FHFMERESHFRBRKERS RS EEHR

e 2 P, R ARG PC o ko sf sk, SCRR AT A B, MG SRR b Y Ot A (Light-
Emitting Diode, LED)/EHCA GBS, JoA M HICLTI AL 5 ns MRFEIERS , #1255 5 1
BT R AR (R 2 il K A5 S IR /N T 1ns)e PG, 200G [R] A0 filk A5 5 19 G IR LT

electric-light converter electric-light converter PC high voltage pulse unit
signal propagation in fiber

LED > . . . .
| AC-DC I:' 5V | > high voltage unit
| AC-DC I:' +5V |
trigger output

220VAC

Fig.2 Principle for design of trigger-signal propagation 220VAC
P 2 [RB AR AR e st R

N signal propagation in fiber Lol
electric-light converter electric-light- converter 1

- +5V

signal propagation in cable

A

220VAC

trigger output

Y

electric-light converter 2

oscilloscope
| AC-DC l:' +5V |

O O O

A r

220VAC

ps trigger signal serves as the reference
Fig.3 Verification principle for the improved design of trigger-signal propagation
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Table3 Timing shift test for the light unit using laser

signal source average/ns minimum/ns maximum/ns RMS/ps statistical time/h time jitter peak to peak/ns result
1 17.39 17.17 17.92 56 8 0.75 reach the standard
2 15.45 15.17 15.78 67 8 0.61 reach the standard
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Fig.4 Principle for the improved design
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Table4 Verification of the improved system for the interference of trigger signal

experiment conditions electro-optical transferring module stay in the same electromagnetic environment with the PC high voltage module
total shots 96
interfered shots 0
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