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Detection of a Crack in Beams by
Eigen Value Analysis
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Division of Mechanical Enfineering, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Korea

Abstract

In this paper, crack detection method using eigen value analysis is presented. Three methods are used: theoretical analysis, finite
element method with the cracked beam elements and finite element method with three dimensional continuum elements. Finite
element formulation of the cracked beam element is introduced. Additional term about stress intensity factor based on fracture
mechanics theory is added to flexibility matrix of original beam to model the crack. As using calculated stiffness matrix of cracked
beam element and mass matrix, natural frequencies are calculated by eigen value analysis. In the case of using continuum elements,
the natural frequencies could be calculated by using EDISON CASAD solver. Several cases of crack are simulated to obtain natural
frequencies corresponding the crack. The surface of natural frequency is plotted as changing with crack location and depth. Inverse
analysis method is used to find crack location and depth from the natural frequencies of experimental data, which are referred by
another papers. Predicted results are similar with the true crack location and depth.
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Table 1 Physical and material properties of beam
Symbol Contents Value
L Length 300mm
b Width 20mm
h Height 20mm
E Young's modulus 206 GPa
p Mass density 7750 kg/m®
v Poisson’s ratio 0.3
([K]-wM]{U}=0 (20)
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Fig. 2 Normalized natural frequency
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Table 2 Compare natural frequencies
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Crack Crack Differences Differences | Differences
Case location depth Mode Analysis | 3% 2 25| AEA &2 | Experiment (Analysis) (=28 2 (AA
(mm) (mm) (Hz) (Hz) (Hz) (Hz) (%) [4) [4)
(%) (%)
1 185.0754 185.1 185.781 185.2 0.067 0.054 0.314
Cli(;k - - 2 1159.857 1159.9 1140.87 1160.6 0.064 0.060 1.70
3 | 3247.615 3248.5 3098.71 3259.1 0.352 0.325 4.92
1 184.1684 179.96 178.526 174.7 5.419 3.011 2.19
1 80 6 2 1159.363 1157.8 1136.59 1155.3 0.351 0.216 1.62
3 | 3233.366 3148.8 2993.88 3134.8 3.144 0.477 4.50
1 185.0754 184.7 185.566 184.7 0.203 0 0.469
2 140 2 2 1159.758 1153.7 1136.64 1153.1 0.577 0.052 1.43
3 | 3247.573 3246.1 3098.2 3258.1 0.323 0.368 4.91
1 184.7597 181.9 183.091 181.2 1.964 0.386 1.04
3 140 6 2 1153.54 1109.5 1091.41 1092.9 5.548 1.519 0.136
3 | 3246.664 3229.4 3092.34 3250.1 0.105 0.637 4.85
1 185.0754 185.0 185.739 185.0 0.041 0 0.399
4 200 2 2 1159.758 1154.6 1137.76 1155.0 0.412 0.035 1.49
3 | 3247.408 3230.9 3086.36 3238.6 0.272 0.238 4.70
1 184.9569 184.4 185.257 184.3 0.356 0.054 0.519
5 200 6 2 1155.216 1115.0 1102.75 1106.3 4.422 0.786 0.321
3 | 3228.417 3111.7 2959.41 3082.9 4.720 0.934 4.01
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Fig. 3 Normalized natural frequency with experimental
data

Ax¢t A7t & & Qdvh. H=ge 3wy gwel wiA
< a8)7] 98l MATLABOIA AFste B3t S o] &3

32k FHS Hege IHow Wk { wAe a3
Fig. 4= Case 13 Case bollA YehtE wAS #A 2
& Zloltt,

Fig. 44 Case 19 25 Al 7H9] REof oJgh mido
skl Hella whdAl "k ST Fig. 49] Case 59
Al e mEo 9@k wAo] shte] Hox whiA]

)

m Ho o oox

ZA57F 2. ols Agor s Al e 1
F5E de Ao BrFsd] wEdl yehdt). olgt 7
de Al Ao wer wedAe AR F Mg A
Case 1
; : ;
_l1
—
0.8 .
06}
dc‘
- 041 :/
. |

0 0.1 02 03 0.4 05
a/h
Case 5
1 T T
—,
—
08F 'Z 4
: %
06
=
o
—
041 3
—]
0.2
P
0 ; ¢ ; ;
0 0.1 0.2 0.3 0.4 0.5

| True value — Prediction |
Prediction

% 100(%) (22)

Frror =

a8 ¥ 82 PHS AT 4S 299 IAE Case 2
£ A9G BE A5 dal 7% olule] e A 914

o

_34_

200



M5z HE AMO|AA-nS BiE

N

Table 3 Prediction of crack location and depth

HEDISON) #t &

c Ty lue (mm) Prediction (Z# | Error (Z# X |Prediction (J%A| Error (944
ase rue vaiue ity 9 ) (mm) ax) (%) 224) (mm) %) (%)
1 Location 80 78.5 1.94 63.78 25.43
Depth 6 7 16.67 6.666 9.99
9 Location 140 163.8 16.99
Depth 2 2.8 37.84 - -
3 Location 140 134.9 3.63 - -
Depth 6 6.8 14.14 - -
4 Location 200 186.5 6.77 182.22 9.76
Depth 2 2.6 30.30 2.611 23.4
5 Location 200 195.7 2.15 196.05 2.01
Depth 6 6.8 13.64 6.888 12.89
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