[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1396.17.8.37.1]

163-153 o yo B o leuds (17 0,93 1396 HLT (30 Sl wSdie dxo

A3 ke dalinle =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir UTRes

3l oolitu! L ACFM g, 3l Lol (slaodls & yb 3l (5 bbb 4o &) Gos oyt

2-£9 S31 Sl prtamw

%Z‘r“\béJ .Sl,:i adl‘}&u.a Ls, ‘1‘;‘543.6 P ERVEY iy
Cudy ‘QM; oKl (B Ao )| UM;LLJ})‘S -1

Cady (o pAS oS ¢y (i yluily 2

hasanzadehpak@guilan.ac.ir « 41635-3756 ;39300 < M5 #

N Qe SleYl!

Sty b Coto )3 pre o alon 1 0T 3lgyd jre d i) 1 i o3l Ol )3 (Riwsl 385 Bes 5 JSS e
5 48y Sy pebaie cpl el e Propt Gl (ygoil Alo 025 Cuple b odmy Jluw Giuogs 13 YU bl > 4 56 slate » e
pae s bias o ya e cigeil gy jl ond gyl cboodls (yuomed 5 (128 (lsd Ll S oo &yl Lamy ) Jod LB gl

T ings, i

1396 o298 30 el
1396 ,523: 5yl

1396 s1b,e 18 coles s )|

&l 5l oslatwl g 38> Gl Ol yd (18,5 Jlai 3y e 4 33,5 0 S (o518 slayigy Sl 4 o 1 g 09y (YL Cuslad 157 k5

wnls gl 2)Slas (hop slo lae ) aiead 5 0390 WBLL S5 s 385 (w35 4 6 ulply bl e 1ogy 3l
e ) 393 ] 4D Cugiae @l g ol 4 Cuxad pae Lanass Cobl & 2-gg g5 Glate i jl dlie ol )3 g, cpl 5l

e (90]]
oo ol ) (86 e (6 T3l

5 Jeols smols jI (o316 labad ) rbas S B s ) Cpizmed uwl 0 03litl ST Bas datule (wesS yweSae dliuwe > LrsSae dis

Pl sl oy mpvie b ool ey (2Bl ol wald] )3 sl ond odlitul Lglize by 5l B hee (5 pSojlul

2-g5 3l6 (3late

-0 Wsbg) o 4 S 005 @) B9 (55 03303 (L5 oS 365 o 51,3 Aunlie 390 S s (glo JSU5 g 5095 ilises Lyl

vt

Crack Depth Profiling in Metallic Structures through ACFM Data using Type-

Il Fuzzy Logic System

Saeed Ahmadkhah Mozhdehi, Reza Hasanzadeh Pakrezaie”

Department of Electrical Engineering, University of Guilan, Rasht, Iran
*P.0.B. 41635-3756, Guilan, Iran, hasanzadehpak@guilan.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 19 April 2017
Accepted 14 July 2017

Available Online 09 August 2017

Keywords:

Non-destructive testing

alternating current field measurement
inverse problem

type-2 fuzzy logic system

One of the major issues in the industry is inhomogeneity depth profiling in the metallic structures before
they reach the border of demolition. Fuzzy logic based methodologies, due to their ability to describe
the complex issues with empirical nature such as non-destructive testing, are used for this purpose and
usually provide acceptable results. But empirical rules and also extracted data from non-destructive
testing methods mainly have high degree of uncertainty and therefore Classical fuzzy methods, which
are based on exact membership grades and Type-I membership functions, are incapable of dealing with
them. Therefore, they cannot deal with noisy environments and also do not represent a good
performance for accurate depth estimation of unknown cracks. In this paper, to allocate uncertainty to
rules and membership functions, the type-1l fuzzy logic system is used to solve the inverse problem of
crack profile depth estimation. Also, Alternating Current Field Measurement (ACFM) signals are used
for sizing the depth of crack profile. Then, experimental results of the proposed method are compared to
the other state of the art methods in the presence of different level of noise and different types of cracks.
The results show the superiority of the proposed method to the other methods.
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Table 1 Evaluation of changes of UMF and LMF when the number of
training data is 12

Ot eSSl 9 2959

%RMSD > UMF LMF UMF LMF
0.90974 0.1 0.01 0.1 0.01
0.88732 0.2 0.1 0.2 0.1
0.88731 0.3 0.2 04 0.2
0.88727 0.5 0.3 0.6 0.3
0.88729 0.7 0.2 0.5 04
0.88725 0.7 0.5 0.9 0.5
0.88729 0.9 04 1 0.6
0.88729 0.9 04 1 0.7
0.88729 0.9 04 1 0.8
0.88729 0.9 04 1 0.9
0.88729 0.9 04 1 0.99
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Table 2 Evaluation of changes of UMF and LMF when the number of
training data is 5

S 5Sike =T $59)9

%RMSD > UMF  LMF  UMF  LMF
0.79797 0.1 0.01 0.1 0.01
0.74705 0.2 0.1 0.2 0.1
0.74470 0.3 0.2 0.3 0.2
0.74403 0.4 0.3 0.4 0.3
0.74375 0.5 0.4 0.5 0.4
0.74360 0.6 0.5 0.6 0.5
0.74350 0.6 0.5 0.7 0.6
0.74344 0.7 0.6 0.8 0.7
0.74340 0.8 0.7 0.9 0.8
0.74338 0.9 0.8 1 0.9
0.74327 1 0.9 1 0.99
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Table 3 % RMSD Values in the estimation of the crack depth profiles shown in fig. 10, 11
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Fig. 11.(c) Depth estimated by different methods for an asymmetrical

double-hump crack with 5 training data
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Fig. 12 Depth estimated by different methods for an asymmetrical
double-hump crack with the length of 45 mm
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Fig.13 Depth estimated by proposed method for an asymmetrical
double-hump crack with the length of 45 mm in the presence of noise
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