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Abstract Steady state and instantaneous availability have limitations in shot tasks. Based on a general model of
mission—availability of inertial confinement fusion (ICF) facilities, a complete mission—availability model for disk
amplifier system is proposed. A multilevel reliability block diagram is established. Equal relationship of expected
accumulative failure number between Weibull distribution and exponential distribution is gained during each shot.
Mission—availability model for disk amplifier modules with multi—failure modes of Xe—flash lamps and a method to
evaluate mission—availability of the system with redundant modules are given successively by hierarchical modelling
ideas. According to experimental data, the effectiveness of the method is verified and increasing trends of mission—
availability of national ignition facility (NIF) and Shenguang (SG) facility are compared with each other, and then
the suggested reliability index of Xe- flashlamps is obtained. The results provide designers a theoretical and
methodological basis to optimize reliability design of the large ICF laser facilities.
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Table 1 Parameter definitions and symbol descriptions

Symbol Implication
A (7.T) Mission-availability of disk amplifier modules for failure of type S
A(5.T,) Mission—availability of disk amplifier modules in jth shot
A(iT,) Mission—availability of disk amplifier subassemblys in jth shot
A(7.T,) Mission—-availability of disk amplifier system in jth shot
F (1) Failure function of Xe-flashlamps
F (1) Failure function of disk amplifier modules for failure of type S
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Table 2 Allocated quantity of disk amplifier systems

Allocated quantity NIF SG(k=17) SG(k=6)
Ny 20 20 20
N, 16 18 18
N+kIW(G) 11+5/5(G) 11+7/7(G) 11+6/7(G)
N, 24 6 6

BT R 2098 R (16)2X, PEAN HE B R i R GEAE A [RE AT AR BYAT 55 T EE e 3 s o
# 3 NIF Al SG 2 19 1 i R gL 5 7 E
Table 3 Mission—availability of disk amplifier system in NIF and SG

A, To) Disk amplifier Disk amplifier system Disk amplifier system
J system (NIF) (SG, k=T) (SG, k=6)
1000 0.997 0.99918 0.99950
3000 0.997 0.99926 0.99955
5000 0.998 0.99930 0.99957
10000 0.998 0.99935 0.99960
20000 0.998 0.99940 0.99963

221 NIF FI SG 3¢ & b i i R G AE A Rl 47 K R A 55 T 2 A2 A i 28, W 18 5 9 7s
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Table 4 Mission—availability of disk amplifier system with different shots number

j o Disk amplifier system (k=6) Disk amplifier system (k=7)
1000 0.998 0.996
3000 0.998 0.996
5000 0.998 0.997
10000 0.998 0.997
20000 0.998 0.997
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Table 5 Mission—availability of disk amplifier system with different 7,

: AGT) n,=1.1628 x 107
(10"
15 0.9977
2 0.9979
2.5 0.9980
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Table 6 Mission—availability of disk amplifier system with different 7,
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