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Abstract

The development of hydrogen storage bed with efficient and safe hydrogen isotope storage and
supply technology is particularly important for the development and application of ITER (Interna-
tional Thermonuclear Experimental Reactor) and CFETR-Chinese Fusion Engineering Testing
Reactor. In hydrogen storage bed, 316L (N) stainless steel plays an important role in structural
support and heat transfer and heat dissipation. The stability evaluation of the 316L (N) stainless
steel under cyclic load is related to the safety of the whole hydrogen storage system, which has
drawn great attention from the academic circle. Based on the existing stress cycle fatigue life un-
der the condition of the experimental results, the fatigue life model is established by the BP neural
network algorithm, the corresponding Matlab code compiled to predict the fatigue life, and with
the existing constitutive model (Basquin-Coffin-Manson, SWT model and new model) is compared,
the results show that the BP neural network prediction results are in good agreement with the
experimental data, better than the existing constitutive model, and explained under the condition
of asymmetrical stress cycling, the average stress intensification and ratchet effect influence on
fatigue life of the competition mechanism; the fatigue creep life is also predicted and the predicted
results are in good agreement with the experimental data. The methods and data obtained in this
paper are of important reference value for the design and safe operation of hydrogen storage
beds.
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FREARN. ZEMNEFMEEFESHRABAR ISR B Br#ik R 22K & B3 (ITER-International
Thermonuclear Experimental Reactor)fl1+ E R4 T#252I0HE(CFETR-Chinese Fusion Engineering
Testing Reactor) {IRBRINFATLAEE. FEKF316L (N NENKTIREREHARMERE R,
HABARBHEEA THITRELTM RAZBEMER RGN RZE, JIRERFATEEN. WT\EIA IR
JIEER AT Dt SERER, DABPHIE M SVE ST TR 55 5 amARZY, Stk T AH 2 MatlabfUAg
BME T A4, HS5IE KAHFINEE (Basquin-Coffin-Mansonfi &, SWTHLRI AR =i /7% H,
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Figure 1. The measured temperature and pressure curve of the bed body change with time; (a) Curve of bed temperature
over time; (b) Curve of bed pressure over time
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Figure 2. Metal hydride bed
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Table 1. 316L (N) prediction model parameter value
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Figure 4. General model diagram of neurons
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Figure 5. Operation steps of BP neural network
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Table 2. The measured results of low cycle fatigue life of 316L (N) steel under different control models

= 2.316L (N) N ERAEN EHTHIEE T HR AR 55 & ST R([12]

PR £a (%) & (%) 2 (Mpa) am (Mpa) 2Ny
0.2 0.1026 218 3.6 135,340
0.3 0.2044 237 13 28,164
X FR LA A 0.4 0.298 252 -0.2 15,364
0.6 0.4775 308 0.5 5900
0.8 0.6513 341 1.7 3240
0.3799 0.2571 250 0 21,938
SRR FE R 0.4639 0.3292 275 0 14,138
0.533 0.3821 300 0 7132
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Figure 6. Stress-strain hysteresis loop and ratchet strain diagram under asymmetric loads; (a) Stress-strain hysteresis loop (o,
= 250 Mpa); (b) Evolution of ratchet strain (o, = 100 Mpa)
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Figure 7. The change curve of fatigue life under asymmetric load and ratchet strain; (a) Fatigue life corresponding to differ-
ent mean stress (b) Ratchet strain corresponding to different
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Table 3. BP neural network input/output layer Settings

= 3. BP HEZMEMAN/HRRE

HINGHINEN:

i th 2
om (Mpa) 0a (Mpa) 2N
36 218 135,340
13 237 28,164
—0.2 252 15,364
05 308 5900
17 341 3240
0 250 21,938
0 275 14,138
0 300 7132
25 275 13,888
50 250 23,702
75 250 32,640
100 200 193,476
100 225 89,084
100 250 48,912
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Figure 10. Fatigue life under different stress/strain amplitude; (a) Fatigue life under different stress amplitude; (b) Fatigue
life under different strain amplitude
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Figure 12. Comparison between the predicted creep fatigue life and the experimental
creep fatigue life under different mean stresses and stress amplitudes
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