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A Study on the fault diagnosis of a cantilever beam using the Bispectrum
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ABSTRACT

This study is base on the fault detection and diagnosis when a crack is happened a structure. A crack in a
structure will affect the modal parameters. We are searched a percentage of changes in the natural frequencies
according to changes of location and propagation of the crack using the Rayleigh’s energy method. This method is
presented to identify the presence of a crack and its location. The study is carried out both theoretically and
experimentally and the results are presented in this paper. The location of the crack is also moved from the fixed
end to the free end along its length. The changes in natural frequencies are observed from theoretically study, due
to the presence of the crack at different locations and depths, and the percentage change in frequency values are
calculated. These results are confirmed by the experiments. And then, a difference between a cracked beam and un-
cracked beam observed using the bispectrum as high-order spectrum.
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l%]

Gar |

AR X

0.137 | 0.083 X 0.011 |

0.571 | 03451 0.180 | 0.065 | -0.0t1 | -0.061 | -0.097
1.326 | 0.812 | 0435 0.172 } 0.01% § -0.083 | -0.144
2432 | 1509 | 0.815 | 0345 ] 0.057 | -0.101 | -0.194
3927} 2461 1 1351 | 0.593 0.137 | -0.411 | -0.241

(a) 1* bending mode
S g A e :

0.147 | 0.096 | 6.037 [ 0.117 | 0.207 | 0.15) { 0.041

1 -0.006 | 0.264 | 0.638 | 0.388 | 0.104 | 0468 | 0873 | 0.613 | 0.127

0.454 § 0.638 | 1.474 { 0.906 [ 0.251 | 1084 | 2.004 | 1.435] 0305

4 0.883 1 L2113 | 2658 | 1654} 05191 1977 1 3.601 } 2.654 ) 1.654
V: @53 4 1513 2.010 | 4.158 2.634 | 0947 | 3.155 | 5.649 | 4.33) 2.634

(c) 3" bending mode



# Ty
5 ! N D.e 18
s |

2 N a0 1
¥ cone : NRERH
& e Y H
o non
-]
=
ot P
-= >
[*]
S . . N
-y . . .
? Tl
& oo M S 8 e b %R iy

e R TSR S B U S < S ST O SP R (X B

Crack Location
(2) 1* bending mode

e
=
g

2
&

o
&
3

ot v@? ay G4 6% 43 ayf &8 v99
Crack Location
(b) 2™ bending mode

g
g

G060

8.000

I T S Y

£.000

(R0 J e——

4.000 iy

3.060

2 DOy . vneans e 4

1600

. - . ~

.000 . g % D |
: 3

ot EDS & aa 124 a0 G§7 L] Oa

Crack Location
(c) 3" bending mode
Fig. 6 Percentage of change in bending frequencies due
to crack by experiment

% of change in frequency

+1.000

(2) Bispectrum 0fl 2|8t a4

Ado] gl PR A%E A NTE npola
Aeydg Tl Fig?7 (@ b)ol verdoh
Fig.7 ()& wle]2#EZS] peak & R} 47
I = UEE Fig. 7 (@) F Yol 2 Holt}

Fig.7 (0)9 9% 3ldS 2y ej#n o {3
54 25438Hz, 160.26Hz . 446.43Hz 8} %
Fapgztel 42 W (0, =0, +0,)7 Y =
of peak 7k WH#atA dElbE 2e ¥ £ A
olel vl Fig 7 (0)~(DY ALES B 05

=

=

o)A 0.5B 7+A] =@ AAo] Q=
0.7L 4AjolA 0.5B 74A] 7€ W Ho] gl 9
2o} wpo] 2 EF Aoty AYo] wystd
glo] g% NFe AAdo] F JFE B,
gepel o] WakE 7MAA Bk webA,
B HAFF A WS AR 1% shd
9] peak 7} 913 F MY peak B U¥E dX
o] Jehdrt,

A U e

o o
0

Magnitude (dB)

2000

2000

1000

e 1000
Frequency (Hz) 00

Frequency (Hz)
(a) Bispectrum in the un-cracked beam

-

s
el
o
oy
o
2
o
[
oo

(TS

500 1000 1500 2000 2500

(b) Bispectrum in the un-cracked beam

Magnitude (dB)

2000
2000

1000
Frequency (Hz) 00

1000
Frequency (Hz)
(c) Bispectrum in cracked beam at 0.5L0.5B



L SIS eS| 200641 FHEHSCNE]

rlr
Ao
el

4. 2 &
2500 i
200 B oAgor gne g Wy e
2000 Ax % Ml wmet nHNFFY WaE
I e 150 Rayleigh 142 2g3te] 2unz 4o
g1500/". M de AFZYNSES vlo]| 2 EYS ALg sl
s | B wpRaln, o A% gew 2 A8e 9
81000/ 100 o o o
i * = T M%U;}'
cools oo D #F8l A% AFe] W YR BHA
SR BN %#%1ih2ih3i}“CﬂZV%ﬂﬂ4'%w
e of weh b WHEE RStk Rayleigh A
0 500 1000 1500 2000 2500 Mo A8l 7 &AFES0) WIS Ao
(d) Bispectrum in cracked beam at 0.5L0.5B M gl el Mol whAaA]l WA QX9 A A

Hel thig 277k Fhsstelch

2) B A7E S mwAwE% SEER
ZaPA) ekl £48S FAsAL, 249
2 SA 9 A3 A e shelsaze

% map & ZAgs) Briw 29 A4 95 2 A
2 of that 727} B Age o] 7 Aot}
g

) BOEH

(1) Francois Leonard, Jacques L., 2001, “Free-Vibration

1000 behaviour of A Cracked Cantilever Beam and Crack Detection”,
1000 Mechanical Systems and Signal Processing, 15(3), 529-548.
Frequency (Hz} 0o Frequency (Hz) (2) K. Lakshmi Narayana, and C. Jebaraj, 1999,

“Sensitivity Analysis of Local/Global Modal Parameters for
Identification of a Crack in a Beam”, Journal of Sound and
Vibration, 228(5), 977-994.

(3) Melvin J. H., Hagit Messer, 1995, “ On the Principal
Domain of the Discrete Bispectrum of a Stationary Signal”,
IEEE Transactions on Signal Processing, Vol.43, No.9

(4) Oh, J. E. and Lee, J. C., 1995, “A Study on the Fault

(e) Bispectrum in cracked beam at 0.7L0.5B

g Diagnosis of Rotating Machinery Using Neural Network with
21500 Bispectrum”, Trans. of the KSAE, Vol. 3, No. 6, pp. 262~273.

£ (5) Lee, 1. C., Jung, J. H. and Oh, J. E., 1990, “A Study of
B Rotating Machine Using Bispectrum Analysis Method”, Trans.
E of the KICS, Vol. 15, No. 7, pp. 581~601.

100 (6) Rao, T. S. and Gabr, M. M., 1988, “The estimation of
the bispectral density function and the detection of periodicities
in a signal”, Journal of Multivariate Analysis, Vol. 27, Issue. 2,

150 pp. 457~477.

0 (7) Bendat, J. S. and Piersol, A. G, 1993, “Engineering
0 500 1000 1500 2000 2500 Applications of Correlation and Spectral Analysis”, John Wiley

(f) Bispectrum in cracked beam at 0.71.0.5B & Sons, New York.

(8) Ha, J., 2006, “A Study on the Evaluation of the
Interfacial Micro-delamination in a Semiconductor by Using
Nonlinearity”, Hanyang University.

Fig. 7 Bispectrum in the un-cracked and cracked beam

Fig. 7 ()& ¥ peak 7} YE F1<57} o] (9) D. P. Patil, S. K. Maiti, 2005, “Experimental verification
=29e 2 % g w3k (DM E syl peak of a method of detection of multiple cracks in beams based on

. - _ _ frequency measurements”, Journal of Sound and Vibration, 281,
F 7R <13 peak B U¥E AL A 439-451.

o]

M



