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Abstract

To estimate crack growth rate and cycle
ratio uniquely, many investigators have developed
various kinds of mechanical parameters and
theories. But, these have produced local solution
space through single parameter. Neural Networks
can perform pattern classification using several
input and output parameters, Fatigue damage
model by neural networks was used to recognize
the relation between da/dN N/Nj and half-value
breadth ratio B/B, fractal dimension D and
fracture mechanical parameters in 2024-T3
aluminium alloy. lLearned neural networks has
ability to predict both crack growth rate da/dN
and cycle ratio N/N; within engineering

estimated mean error (5%).
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Fig. 1 Block of backpropagation neural
networks
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Fig. 2 Relation between crack growth rate
da/dN and crack length a
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Phase 1
Preparation of learning data by fatigue
crack growth and life test

Phase 2
Training of neural networks
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Phase 3
Utilization of neural networks for prediction of fatigue
crack growth rate and life on unlearned test condition

Fig. 7 Prediction of fatigue crack growth rate
and life by neural networks
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Table 1 Initial conditions for learning of neural

networks
o | e
of hiclen| of hidden TG momentum, mumber L
i | . rate rate  of data
© layer  units ) , _epochs
1 1 ol 09 | 51 100000
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Table 2 Optimal conditions and estimated mean
error for learning of neural networks

parameter = number of '

hidden units data epoch

optimal condition 6 51 2000000 :

‘estimated]: dg/ dN' 0.0243 0.0243 0.0140
© mean ' :

error (¢) N/N, 00100 00100 = 0.0049

Table 3& Table 29 &tF2HE o] g3t
HASAZ A RTE 22 Al 2024-T3
79 HEEFARNE g5 ¢ w3 xS
vEbd Reloh A3 =g g wE FA
BF A= da/dN7F 0014, N/N7t 0004924
FeAH bl 0050122 H9E B 9 xbo]x|
gt dRtstE F8EY do/dNe= 0151, N/NA=
02785224 FEA A ¥HE 423 W
olubz itk ojdst Fr= FguolE FdA
w7} Ev] B/B,% Zd"g A9 DS A2
oAl Abeg 4 Qe o AAdYT Wt z
Z¥ 0.93376~1, 0.97182~1°122 H|F o)
%3] FREACT dciele duslE eysiy =
2 #HA# (local optima)oll #A7] wFolct w

- 345-



A oM e A4Fel E4E dejeEg
371 gt dieleig dFHeg Hdte dHolH
BB ALt

Table 3 Generalization and learning by initial
optimal conditions of neural networks

?estimatéd ‘ learning : generalization
imean error ¢ - o . !
da/dN 0.014 0.151

N/Ny ; 0.0049 : 0.2785 i

43 doly WYL o] g HrEgde FUt
JEF FUE S 2ALFIE g9 ¥
7t 33 AL diejd & wi7tEu] B/B,% =d"
A9 DozA wzaH] N/INe disted oid
] RIZEA wE3erh @A FE dolHe o
Mol ot Aozt HaFAbelel HHE o
diole ] ¥ SEE WS E o] dad

ol

£ dp

B/By = 10(N/Ny+ B/B,

D/ = 10(N/Ny+ Dy ®)
o{7|x, B/By : B/By9 WAgd 3k
Dy : Dy wgd @t

A @ o wge dojg el W=
B/By 7} 062063~1, D/ 7} 0.27769~12A4 Hul
#H FHghAbolel Bzt diole #E Hduco d
) Z7hsa,

Fig. 9% 10& w71Z B/B,% =Zdg 29
D/E 4 (022 £33% dolE9) Table 29 3t
on FAYREE  da/dN®k RSN
NINZ Bt&stn =8 Rolth Holeg W
#strlde 27 2199 Table 3% B2 &
FFAFTLAE 2T, dUBFIAY T A}
5 da/dN9) 3% < 128 7aHo FH§FH 2
2R e ojlZ FHEn. w2ty WstE B/B,s
zdg A9 D dolEe MAE HI dolH
WL gt Aniste] A e e ¢

% .
Fig. 112Fig. 49 (do/o,)*¥a"% el w3
TGS daf/dNol A At o sl

10°

| = Experiment
-Sym. { Newral networks

10° E

Crack growth rate da/dN (mm/cycle)

10-6 1 1
103 102 10! 10°

(80/o,)™a" (mm™)

(a) Unit da/dN at output layer

Q? 100

m

£ ose} '

=

@

4 oy,
5 ose

° MN
2

r 094 |-

>

= S

T 0% S,

£ %N
S owl

2

o

2 oes ——

°

Cycle ratio N/N;

(b) Unit N/Nf at output layer

Fig. 9 Fatigue crack growth rate da/dN and cycle
ratio N/Nt learned by neural networks
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