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Development of a Fatigue Damage Model of Wideband Process using an

Artificial Neural Network
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For the frequency—domain spectral fatigue analysis, the probability density function of stress range needs to be estimated based on the
stress spectrum only, which is a frequency domain representation of the response, The probability distribution of the stress range of the
narrow—band spectrum is known to follow the Rayleigh distribution, however the PDF of wide—band spectrum is difficult to define with
clarity due to the complicated fluctuation pattern of spectrum, In this paper, efforts have been made to figure out the links between the
probability density function of stress range to the structural response of wide—band Gaussian random process, An artificial neural
network scheme, known as one of the most powerful system identification methods, was used to identify the multivariate functional
relationship between the idealized wide—band spectrums and resulting probability density functions, To achieve this, the spectrums were
idealized as a superposition of two triangles with arbitrary location, height and width, targeting to comprise wide—band spectrum, and
the probability density functions were represented by the linear combination of equally spaced Gaussian basis functions, To train the
network under supervision, varieties of different wide—band spectrums were assumed and the converged probability density function of
the stress range was derived using the rainflow counting method and all these data sets were fed into the three layer perceptron
model, This nonlinear least square problem was solved using Levenberg—Marqguardt algorithm with regularization term included, It was
proven that the network trained using the given data set could reproduce the probability density function of arbitrary wide—band
spectrum of two triangles with great success,

Keywords : Spectral fatigue analysis(EA4|&! O|26HAY), Wideband process(ZHE M), Probability density function(SFE =8,
Artificial neural network(@l= A4 Rainflow counting(HIIZE2S TIAR). Least square( E|AXEESH)

1M 2 Fgtate] WATHSMS 0l Eick ol ol AT U 3

% stajo| FslEr of ot Yok oByel S SE AY

sz FPSOSt 2 Mut ol BA semage px oo oorl AT A 85 HRS 8 Haael T

som 2RE HAIS JiXo] 53] T2 YT Soi] Qop 3 o0 STE O R OIS siZeb] Sisiol xiE £

°f5t 87 HEER OITOPM Qo mat oleet pmvayse 1S 2 NS S S0 mIoldS] SH S 223 S

2o} 1ig, 82t 221D X7 S| cloel Fakbgeirg sl s TS0l TR0l Hot

£ 31 5320 X0 28712+ Solofl SH=lof xtgsp LUHoR AU HIME S SE SHERME S

2o A Fokr 9ot 1 Fuks ¥ JiX|E Lt clEy 2 Helo| oE U Eot eflYelExe| HelS mErkn 2

of SEt AHERS HMEP Hnf oS ZNOR T2 AME M U0 T2 A Wt uisich Jeity| Bkl kol

of 3t nlzlch 3 ZEIOILIADL BASUNSS| tieisiel Al 32 welol HBUTEE SHe Emo| delg Aldct

DSl M DR TS VIS TIMP ISE FUIekl B D wes] @ 5 gie TR0l Uk w2 8] Eoke 2ol

Received : 24 July 2014 | Revised : 9 December 2014 | Accepted : 9 January 2015
1 Corresponding author : Yooil Kim, 82-32-860-7347, yooilkim@inha ac.kr



Usy-

ro

o
ol 2R

o| 32 welo| HEUTEHE Y| 26t
o, 3 F 7K FZHZ Q20| Jtssich A HME A2t
|24 Hio[E{ollM ZIT TAIE AA| stof 2t S et olof| 5
E5ls 2 Fl0] YT g2 LIEkE Zo|H, 0| S-NM
T2 Miner's Ruleol|] M504 T2 &MTE T8 4= Uct. Ol
AlZH ¥ iMoo kR kst BiHo H
7t 2 cido| Qi F wMZE s FOi7 83 SE AHERQ
SHEE EMX|Z 0|R07 T2 &4 ofF 2H
#olct. ojm T ORI IR|Z2 S-NME2} Miner's Rule
o2 &MTE o FE 4= Aok 0] B2 Fil: ¥
= |

of AlZE 5 siAfgoll H|5Ho

=
x
T
1
°

o>
kl
I
[l
F[F
oA
0
o

sEarskez JIESkeE 2T MAI=IICE Wirsching and
Light (1980)= gichdoliMel w2 AAtTo| BMAGTE M25
el

—
DSANES FHHE WS FoRICh

A7l m|ZEMTO| iAol e Sl TEE THATE
SIFCE Zhao and Baker (1992)= IE|
EEE Xt ME22 FEfe| =EUTHE,
2005)= MZ CHE F 7iel Bge| &
£ oISt AEUTEE Mokl o|E Ethed niyo| m|=Z
AT FHol| 22319CE Kim, et al. (2002)2 @l b
2 Mgsio] AZYY SEE ok Mule| m|=
= AEE SI¥CE Choung, et al. (2012)=
8100TEU &= ZiH[O| Mute| mZ&AMEE

o
0]
-
Q
[
Q.
=g
S nl
o)
o
_‘
2
(SH
0
O E I

r
oz OH
H o>
- o
OEI
J

Ik
)d

2
2 0
>
9
o
FIF

2 N
ST

N
1

00
e

ol
o
¥
N
if
N
=
_o_T
[
N
o
¥
r
fjn
i)
>
il
5
ﬂJ|0
Hr
0

=
i
[u}
mjo
ol
]
2
Il
s
2
=l
08
=2
_O'L

0.

Moo X gx
> 1o
JH]

=

> >
ok
rot
I
il
(m
o
rlo
nz
>

I
[m
i
N
d
i
A
o
i
[0 =

Hd
g
mjo
=

18
%E
8
o

= ==0lME Kang (2014)2] o7 Z1tE 2&5101 0]
 —

=
=)
L7I-—i9_| AIEIIEE—IQ| ;EI;'.xl %I-J—y_ A‘ii %;{EIE 74_<|3__I_ EIEZ!_

IA:I _|BO —1—na =] o

slof WiCt G2 Yrhel A SIS AITE BHC 3,
Saiwelo] HBUTEME JIPAlo B2 2ASI0] 012 4l
B st Rhzol 3 ool £8 ULAZCH

2.1 22 ABIEZ A

OIT NS BHEAP|Y| 913 2 AHERIS & 25200

il

FEAIZ| flsiMe ez

fot &gt mefolEE ol

X
i
ikl
0%
0|0 ol
R
ul
ro
Ok
>
o
=]
o
Lo

il
ok
n
rir
[>
=l
Im

I

o
o
>
ol

il
I

ol
2
olo Eil
o
l_O =

A
)
)

I
[> rlr
&
m
DFLI

b
mejolels AHEHS| ZHE(spectral
q

5,

wy w; w3 Wy wg Wg wy Wg

(a) Two isosceles triangles

S(w) T

5,

Wsr1 Wsrz Wend1 Wendz

(b) Envelope as a stress spectrum
Fig. 1 ldealized stress spectrum

Table 1 Variables of stress spectrum for the training

Variable Value

W1 Wepo 0, 1.8, 3.6, 5.4,
[rad/sec] 7.2, 9.0, 10.8, 12.6

Wend1» Yend2 0, 1.8, 3.6, 5.4,
[rad/sec] 7.2, 9.0, 10.8, 12.6
My My 150, 200, 250, 300,
[MPa?] 350, 400, 450, 500
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