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Austenitic Stainless Steel Using Artificial Neural Network
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Abstract

Cast austenitic stainless steel is used for severa components, such as primary coolant piping, elbow,
pump casing and valve bodies in light water reactors. These components are subject to therma aging
at the reactor operating temperature. Thermal aging results in spinodal decomposition of the delta-ferrite
leading to increased strength and decreased toughness. This study shows that ferrite content can be
predicted by use of the artificia neura network. The neural network has trained learning data of
chemical components and ferrite contents using backpropagation learning process. The predicted results
of the ferrite content using trained neural network are in good agreement with experimental ones.
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Table 1 Caculated and measured ferrite content

" 5.(vol%) | g,
Aubrey Cr [IMo| S| Ni [Mn| C | N Al
Schoef (4 u Meas. (%)
oefer e
@ 19.49| 035|092 | 940 | 057 |0.009|0.052| 103 | 135 |237
1981|059 | 1.06 | 1063| 0.60|0.018| 0.028| 84 | 163 |485
2018|034 | 1.13| 859 | 063|0.0230.028| 21.0 | 236 |11.0
1911|251 | 0.73| 903 | 054|0.064|0048| 155 | 184 |158
Teble 1 Aubrey ' 20.86| 258 | 0.67| 912 | 053|0.065|0.052| 24.8 | 27.8 108
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Fig. 1 Schoefer diagram for estimation of ferrite
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Table 2 Screening criteria therma embrittlement

susceptibility in GALL report

Costi Ferrite
Mo content m etfllgg content, | Susceptibility
5 .(Vol.%)
. Potentially
> 14
High Mo Static & susceptible
_ 0, 1
(23 W) | contrifugal | o, > 20 | owentially
susceptible
Low Mo | saic | 8, > 20 | Powenualy
(max ' susceptible
. Not
0,
0.5wt%) | Centrifugal All susceptible
20%
ASME Sec.
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Fig. 2 Architecture of neural network for prediction of
ferrite content in CASS materid
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Table 3 Input data for prediction of ferrite content

50
. . 2 using trained neural network
= ® Neural network ° N )
= I s & Mat. Cr {Mo| S Ni | Mn| C N
g 40 A Aubrey eq.
= K KRB PUmP |51 99| 0.17 | 117 | 803 | 031 |0.062|0.038
i) A cover
S 30 Ringhals
o
g 4 £ A Reactor Elbow|20.00| 2.09 | 1.03 {10.60| 0.77 |0.037]0.044
3 2@ B hot leg
Z 50 LN Ringhals
b4 A
I~ %A N AA Reactor Elbow|19.60| 2.08 | 1.11 |10.50| 0.82 | 0.039|0.037
g A DA cold leg
3 10 &=
§ 4 %ﬁgA “ Table 4 Prediction of ferrite content using trained
ﬁ A neural network
0 L
0 10 20 30 40 50 Ferrite content & ,.(Vo0l.%)
Measured ferrite content (V ol.%) Material e Aubrey eq | Schodfer eg.] NN
Fig. 7 Comparison between network output and (%Err) (%Err) | (%Err)
cover ' (185) (332 (2.9
Ringhals 130 131 | 206
Reactor Elbow| 20.1
hot leg (35.3) (34.8) (2.4)
Ringhas
12.3 12.9 18.3
Reactor Elbow| 19.8
cold leg (37.9) (34.8) (7.5)
4,
KRB  Ringhals ,
0 , Table 3 ,
Table 4
. Table 4 1
Aubrey Schoefer
' Table 5 Table 6
CF-8M 1
, Aubrey Schoefer (CMTR, certified material test
14Vol.% report)
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Table 5 Chemical composition of primary piping in
a domestic power plant

Position Cr | Mo| S Ni | Mn| C N
Hot leg 19.1| 256 [ 047 | 9.68 | 0.88 | 0.06 | 0.04
Cold leg 20.0 (240|066 | 9.71 | 1.03| 0.05 | 0.04
Crossover leg | 19.4 | 250 [ 0.50 | 9.63 | 0.81 | 0.06 | 0.04
90° Elbowl | 194 (215|115 (9.75|051|0.06 | 0.04
90° Elbow2 | 19.6 (215|112 (955|050 | 0.05 | 0.04
50° Bend 192 (220|100 | 955|044 | 0.05 | 0.04
35° Bendl | 191 (215(110|9.65|051|0.05]|0.04
35° Bend2 |194 (240 135|942 051 |0.06 |0.04

Table 6 Susceptibility evaluation of thermal embri-
ttlement in a domestic power plant

Position | <29 °Lvel% Susceptibilit
method |CMTR A”ezr N e

. Not
Hot leg | Centrifugd - 126 | 189 susceptible

Cold leg |Centrifugd| - | 17.8 | 143 Not
' ™| susceptible

Crossover . Not
leg Centrifuga - 140 | 186 susceptible

" ) Not
90° Elbowl| Static 13.0 129 | 12.7 susceptible
. . Potentially
90° Elbow2| Satic 15.6 166 | 154 susceptible
" ) Potentialy
50° Bend Static 174 | 146 |143 susceptible

3 Bendl | smic | 130 | 134 |122|  NO
) ' | susceptible
o ) Potentialy
35° Bend2 Static 16.0 | 170 | 16.2 susceptible
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