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Abstract

The neural network method is applied to automatically measure the crack opening load under random
loading. The crack opening results obtained are compared with the visual measured results. Fatigue crack
growth under random loading is predicted using the crack opening data measured by the neural network
method, and the prediction results are compared with experimental ones. It & found that the neural network
method can be successfully applied to consistently measure the crack opening load under random loading and
also gives some results different from the results by visual measurement.
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Fig. 1 Determination of opening load using the
compliance offset method

compliance approach)& AM&38loZ2, EAXoz #F
dd@dd e AAgtao Ay 3A ZHHE A
Aol glom, stF-HYJTAE ALg3lER, SHA
4= %3 v Aol gtk o) HdsFo
2RYH HEoEFEY 25%d sFEE
Tdo] 43 g8, stE-HAAdAs AA
ok 7hAgsta gle, o] 7pAoe] gt
AolE HEAMLS o dte T, Z}%;ﬂoi

=)
o

o -t
ir 2 orle

&2

TEEHHE 2  fle = B4V Jlen,

=9 oleld A8H Wit AAHRE, 73
2717 ERASA A dgaFAINE A
o AgEA Bake BAME Ak

AREL AATONN AHAEHF HHlA
AZA2HE olgdel oW 29H ¥F el
FAYNEEE FAIYHL AFoD 54
s PEe ARG AN 8 AR,
of WYE e SNUE AT ZANsNEE
7% HFolse] he #RAYY Wt F
A3t7 e AFATAFHANE d2Hoz
ol 7Sl AEE s0Alol2 HRele Wk
28 AASRA MuY FL FHYo| AojAng,
of Wye e Welahl A8E 47 QA 1
du AYAF SAlAE HFA/ BFHA
danz 249 A3E A5doz Fsd 3
AAAAEY BYwo)2E AASE ol B

57

ol

b

s, & 28 WelA Z+ ApolZuinh ZHabul
z SNHIE o chsteh GAEANEY SN
g)7} dowy A]?—“p:]itﬂ-_,] &4 Adx 9 Sl
b ek S48 29U kel Asgo) g
ofFth webA o] Ffde AdHer v Z
AEANEE AT Yol Basit

B dFqe F#EEEASAES AT AUBF
23 A5 e SNHE FHrlste 4173
2E o] &3ty WHFINA FEERE S A
Fo2 ZA3e WYL AAII, o WHE o

f£35le G By Alo]F 7} 500, 1000, 2000,
8000, 160002 Foid 2 Fug AL3F el A
7EEHEHE AFEH Y en, EF % 4

shot ¥l et

2. TeEH
Al
L

ol AF®oA e i‘%‘%%‘%ﬂ =2 %
3 NF3 2 T8 FES il

2t} Fig. 2(a)sF 7ol 357t
doixi e we AU NEE  Fig 2(b)«]
D,'B,'A'B,'D,' &} o] "t} welA] o] b
ZAL o]l 43td #ELEYEA B S AFI=RLE
Argste Ao AAHIEE ot 94 IdF
2 AN E A4S 1Abo]E 7 20070 A&

’E‘ ﬁ'?'oﬂ}ﬁ\_ TO]'}‘IQ‘}' X‘"'Ei]—)\]o]] _?_]}\O]-i}y]_ 71_9]
g 2%s dyozm, Tale HEAFA
D/B/A' 3% 1007} dlolHHE 21743 2el

Jeoz s FAAURE FH

AAzPozEe AARENIE A4y
t}. Fig. 39 AMEE AARZ2Do 2N, 39 F ]

PAFX)C 2N EFE n=1002, Fig. 29 7
WA 5F D'BA7HA 2] 100708 A Z e o€ 7}
dHEY. FHEFZ)0) 2HYFoEA, FAFUo2
Rt A9t gol E dFME dFTe
AL F1F9 =25 diAE HelA
AFE7IZE ok AT Yol EHFORA, Fig
29l #E49¥A B9 = dolHHEE &4
A "ok GAT AFIRFe] A #AsAE
2 %fﬂ(”)Ol A, EA g2 g3 FoplME
olg o]&g AFELHVo] HuHI omz A
27| 2 gt

AARYNZZRE QA2 FE ol &dtoq &
ddEH S AEEH3r] Y e FEEEHE F
e A & F gled, dFY ¥ Yl



ABYRLE o] T WFF

Load(P)

B' J\

wspl.(;é )

D

(@

D, Differential D,
N displacement '/
* ( A5) Load(P)

s %

P-as %

S B

R d s
LTS
0 50 100 150 200
Number of data point
(b

Fig. 2 Scheme of crack opening load determination on
differential displacement data

' QOutput layer I
ve]

&

3 g
o a
a . -
° Hidden layer g
8 &
2 a
=8

=

>

Fig. 3 Backpropagation neural network with one

hidden layer

oMo} FALUH AE2A

2R e #9LY AFRE
Q Faras) AEdYe o ,

29¢ SeAsln =8 45EHE 2 24t 9
o

olg g 2L WEI= ZFAUYNT FHAE
= d2HoE Hd¥d g3 7 F e A=
Z Kim&Song®9] AFojAe} o] AFE A Ed

oldol o8 vt} Zo] A4y 2 HgTh

5 Fig. 4(2)°ll Bole ute} Zo] zhbieng L
A o FHPHoE ZAdle wyoz Y
9 HHL 3% JHRNTE Yehly, Fig 4
b °f A9 sF-ahEg FHL JeEn
gem, 2 #Fe FHETdE FEEEHS
Yeldc

AR AT E wo|=7 EEhH o
AE Aol UwtHelmz 58 9 H5Prle
A Ho2E ddve FHAMNeRr A
¥ Fig. 4@ o] APo|ZE HA Aoz
st AT FAAE WPxol=zel U
7} Fig. 4(c)°1™, ©] @Y %=0]|ZE Fig 4(a)9] T
Aol HZ Aol Fig. 4(d)°lth SNv|R=
100, 30, 20, 15, 10dBS! 5§, ¥E9¥gHez:=
Po/Prax = 0.1~0.9 (P 5 HWA, P, FEEEA
&) Aol 40 g F 200719 Al
A& FAIA SNvlE L3 go] Hd
Kt

S/N(dB)=20log(E/E, ) Q)]

g7 B ZAEANEY Ad RE o

3 JEAFE E,S o)z P F2olg}

|

(@ + (b)
I

©

S/N = 20dB

Pop

(d) (e)

Fig. 4 Generation of simulated differential displace-
ment signal



2286 A& - A% - BH4Y
Table 1 Accuracy and precision of crack opening measurement neural network
S/N(dB)
10 15 20 25 30 35
True U} ¢4 Sop Eop Sop Zop Sop €op Sop Eop Sop op Sop
091 | 015 | 347 | -091 | 198 | -1.32 | 1.61 | -142 | 1.51 | -146 | 148 | -1.47 | 148
079 | 237 | 407 | 1.75 1 237 | 1.19 | 1.52 | 1.05 | 1.17 | 1.02 | 1.06 | 1.00 | 1.02
0.65 0.83 4.11 0.08 220 | -0.25 122 | -040 | 0.76 | -044 | 0.56 | -044 | 048
0.50 | -220 | 570 | -0.67 | 332 | -0.89 | 2.04 | -0.99 143 | -1.02 1.17 § -1.00 1.05
0.35 0.97 5.62 0.97 3.27 0.77 1.93 0.71 1.22 0.68 0.88 0.68 0.75
021 | 036 | 501 | 035 ) 285 | 024 | 161 } 017 | 090 | 0.13 | 052 | 0.12 | 0.30
0.10 | 064 | 445 | 038 | 262 | 037 | 154 | -038 | 093 | -039 | 062 | -039 | 047
£ ,bias; S » SAMpling standard deviation
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Table 2 Performance of S/N ratio measurement neural
network

. The number The Perofrmance
S/N ratio
(dB) of total test  number  (1-error/test
data of error  data)x100%
> 10dB 2000 115 94.3%
2 15dB 2000 109 94.6%
>20dB 2000 110 94.5%
>25dB 2000 71 96.5%
>30dB 2000 94 95.3%
average 95.1%
)
Q
a
£
l 18 20
Frequency(Hz) Narrow band
@
(=
G
a
4
2 20
Frequency(Hz) Wide band
®)
Fig. 5 Random loading signals (a) narrow band and (b)
wide band
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Fig. 8 Crack opening ratio U’ as a function of K:ax under wide band random loading
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Fig. 10  Fatigue crack growth predictions under random loadings based on the measured opening data
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