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ABSTRACT

This paper presents an efficient modeling and dynamic analysis method for open cracked rotor

bearing systems. An equivalent bending spring model is introduced to represent the structural
weakening effect in the presence of cracks. The proposed modeling method is validated through a

series of simulations and experiments, First, the proposed method is rigorously compared with a

commercial finite element code. Then, an experiment is performed to validate the proposed modeling

method. Finally, a numerical example is introduced to demonstrate the possible application of the

proposed method in the crack diagnosis for rotor systems.
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Fig. 4 Numerical cracked shaft model

Table 1 Specification of the numerical cracked
shaft model

Property

Data
L=50 cm
R=25 cm

2.08 x 10" N/m®

Density 7833 kg/ m°
Poisson ratio 0.3

Dimension

Young's modulus

1013 T T .
1012_. .
10"
10'°
10
10
10
10

10Z).O 0.1 0.2 0.3 0.4 0.5

Normalized Crack Depth (a/D)

Fig. 5 Equivalent bending stiffness coefficients
for the numerical cracked shaft model

Stiffness (N/m)
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Table 2 Comparison of natural frequencies of
the numerical model by I-DEAS and
the proposed method (a/D=0.2)

Natural Frequency (Hz) Error (%)
Mode i P I-Pl /1
I-DEAS Proposed x 100
1 367 867 0.0
2359 2361 0.08
3 4288 4296 0.19

Fig. 7 Open cracked shafts for experiments

Stiffness (N/m)

0.0 0.1 0.2 0.3 0.4 0.5
Normalized Crack Depth (a/D)

Fig. 8 Equivalent bending stiffness coefficients
for the experimental cracked shaft model
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Table 3 Comparison of natural frequencies of the
experimental model(cracked direction: 7)

Natural frequency (Hz)

Mode | Method I T2/D=02 | a/D=03
Experiment 455 450 437

1 | 1'DEAS | 455 449 438
Proposed | 455 450 438

Experiment 1245 1245 1245
2 I-DEAS 1244 1244 1244

Proposed 1244 1244 1244
Experiment 2395 2370 2330
3 I-DEAS 2392 2370 2329
Proposed 2393 2371 2330

0.3 0.2

0.4 .
0.2 0705 0.4

Crack Position (C/L) ’ Crack Depth (a/D)
(a) 1* mode ( 7 direction)

@ oo

° 0.94+

0.4 03
Crack Depth (a/D)

0.4 02
Crack Position (C/L)

0 05

(c) 3 mode (7 direction)

and position (stationary)

Table 4 Comparison of natural frequencies of the
experimental model (orthogonal to the

cracked direction: &)

Mode | Method

Natural frequency (Hz)

{a/D=011a/D=021a/D=03

Experiment 458 457 454

1 I-DEAS 457 456 454
Proposed 457 456 454
Experiment 1246 1246 1246

2 [-DEAS 1244 1244 1244
Proposed 1244 1244 1244
Experiment 2404 2400 2392

3 I-DEAS 2399 2396 2389
Proposed 2399 2397 2389

160

Disk #1

180

Beanng uI

80

40

Node 1 Node 4

Node 21

Fig. 9 Numerical model

0.4

06 54

02"
Crack Position (C/L)

02
Crack Position (C/L)

0 DS

0.4

0.4

0.3

0.2

Node 27

Grack Depth (a/D)
(b) 2™ mode ( £ direction)

0.2

Q3

Crack Depth (a/D}

(d) 4™ mode ( & direction)

Fig. 10 Variation of natural frequencies of the numerical model due to a crack: the effect of depth
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Mesh information
# of shaft elements = 26# of disks =2
# of bearings = 2

Shaft information

Shaft outer radius = 0.006 m
Young's modulus = 2.08¢ + 011 Pa
Density = 7833 N/m’

Disk information

Location Mass Pol. Inertia  Dia. Inertia
(m) (kg) (Kgm?) (Kgm®
0.21 1.236 0.001205 0.000678

0.476 0.857 0.000583 0.000347

Bearing information

Node positions : 4, 21(2 identical)
Stiffness coefficients (MN/m)
kyy = kzz = 500, kyz = kzy =0
Damping coefficients (KNs/m)
cyy =cyz=czy =czz =0
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