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Detection of Single and Multiple Cracks in Circular Cylindrical Shells Using Modal
Analysis and Wavelet Transform

S. Samimian Tehrani'", P. Safarpour?, M. Babaei®, F. Kiarasi®
I M.A. Graduate Student., Mech. Eng.,Faculty of Mechanical & Energy Engineering, Shahid Beheshti University, A.C., Te.
?Assistant professor, Faculty of Mechanical & Energy Engineering, Shahid Beheshti University, A.C., Te.
% Lecturer, Faculty of Mechanical Engineering, University of Eyvanekey, Eyvanekey, Iran.

Abstract

In this paper, a method is studied for detecting single and multiple cracks in the thin and thick-walled
Circular cylindrical shell based on the modal analysis and wavelet transform without using baseline modal
data. In this research, the studied crack is the type of circumference and all over and it is also modeled in the
form of hairline and without width by the ABAQUS software. The mode shapes of two thin and thick-walled
cylindrical shells are obtained with free-free and simple-simple support conditions and with different cracks
ratio. The cracked sample response is moved to static wavelet transform toolbox in the MATLAB software.
Then, the noise signal is obtained by assuming crack as noise and removing noise at the first decomposition
level of the input signal and. Finally, after reviewing 3240 various modes, the best wavelets are introduced to
accurate detection of the cracks up to 2% crack ratio and without displaying the support effects.

Keywords: Crack Detection; Circular Cylindrical Shells; Finite Element Method; Stationary Wavelet
Transform.
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! Destructive Testing (DT)
2 Non-Destructive Testing (NDT)
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! Empirical Mode Decomposition (EMD)
2 Fast Fourier Integral
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® Scaling

® Translation

7 Subband Coding
8 Down Sampling
° Up Sampling
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! Short-Time Fourier Transform (STFT)
2 Continuous Wavelet Transform (CWT)
® Discrete Wavelet Transform (DWT)

* Stationary Wavelet Transform (SWT)

¥ o t0ds /1Y 0538 /1F 1 Jlu /100 4 g oo sl SilSio



W ol st0n 3 il slaonano

Fod S S Srge s o5 Cenl G cnl 4 )
sl g el ol

ol Oloy ooges <ol a8 Wilesls plas (LS sla gy,
LS Szrge o 50 aiged GRalS Jos axsl (oo
0 ol 5 bzl el ol oy iesle alply 5] ol
SrSdged pj Sllee 3,5 Bh> a0 ol
Sl Szge Jod Cwols (n e SiS Olgioe el
Sl G 5o ley o <ol

Wl denS S>ge o alie (Sle Soge oS
ol 5 S ) S5 5 e o Sl nl L
TS5 W ol Sse > 5 Spdie el g,
2 69955 gad dlami 53,5l 90 b 5T Gl igd e
w3 S O jgo Dkl 55580 850 Wlgi oo 1SS o
[£] a5 @l JLKew o

OGSl S go Jad )0 pgi Sas sla g, —)-T-Y
JuSms Gl 0 Sge pre ool 5l (S
Sge 09> )3 g R el JiSKw 5l g8 gl Sl
iy 5l oS Slaw L aF el gl sasld ol
SeoGlel sbaarar ol Glp Ol | Saee
clpe polie 035 Sho bogycnbl op )5 a4 JuKw
Oy ols 2ol ) g 9 cuyE b ple o0 SzeS
slig, 5l (S 09 o 5l JiK Lol Sledl] asS]
2 e slaghyy «Sage leolitul b pg Bdo e
Sham Ghgy onl o el Soge olps s S el
b 8 atnte ghe K b i Sase bos
Loy Bio b albinl S 5l 5SaeS &5 (ol
odilondly culye b JUSew G 5 005 Sz

[A] OS¢ o0 (5 5lwoyligo
Cov o ooy i 138l o0 Il A e (o
Sl ol aless 4 a5 coul ons b Gilise lgie
g ali & g3l g el ) 58 b hiles (lgioe
Ol o A oy ol 51 (6 pb o las 59 g oduzmy slo

* Time-Invariant
° Down sampling
® Up sampling
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