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Research on Transverse Vibration Characteristic of Rotating Cracked

Beams with Variable Cross-section

Han Wei, Mao Qibo, Tian Wenhao
(School of Aircraft Engineering, Nanchang HangKong University, Nanchang 330063, China)

Abstract: The dynamic characteristics analysis of damage structure is an important basis for non-destructive tes-
ting. However, there are few literatures concerning the study of dynamic characteristics of rotating cracked
beams. Taking rotating cracked beams with variable cross-section as the research object, the transverse vibra-
tion characteristics of rotating cracked beams are investigated, and a new method to solve the transverse vibra-
tion characteristics of rotating cracked beams is proposed. The torsion spring is used to simulate the crack
effect, and the flexibility model of cracked beams model is established. The Frobenius method is used to solve
the vibration equation, and obtain the series analytic solution of the equation. The effect of crack position and
depth on vibration frequency is studied, and the variation of first two-order natural frequency of beam is analyzed
under different damage degrees and speeds. The results show that the proposed method is effective, the change
of rotating speed and damage degree do not affect the natural frequency of the beam independently, and there is
a coupling mechanism between the two items. The conclusions are suitable for beams with variable cross-sec-
tion.
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Fig. 1 Local flexibility model of a rotating cracked beam
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=0 mm, 2K L=800 mm, ¥ # Q=300 rad/s,
[#] 5 St 48 1 96 & by = 30 mm, &5 B hy =10 mm, M
X GORFEs=0. 5, Y BEWT A R AL ¢, =0, = JE T AR
FE e, =0~0. 8, RAASC I LT REARN RO T
X.=0.2,0.4,0.8 =Fh T0¢ T AR IY B [ A 55 %,
FEke 25 R 5 ek JHEAT He X, SCRCO XA s T
SRR R AT EAR SR 2T
Frobenius Jy % ) 11 5 #E 5 0 B2 o b 9% sh #2265
FEIEAT T JC i WAL AL B, A5 ¢ F e fs P 1 % S8
CRE 8 Q BE 4255 ) TR AL 1 SCHk (9] 1Y
SRR RN, BT X SCERL9 T % S
B Che 3 Q Rl AR o) PEAT 0 Ak b BEAS 3 G
AR SECE T U B4R R Fas A A
SCO5 RS 2 T & 40 Ak 1 T A AL SR K
A R A .

YT X, =0.2,0.4,0. 8 =Fh T8 F WA
DU B 5 A A5 R AN SR 1~ 3% 3 Fion, T L& . R A
AR SCO VR T SAR B0 T DY B A AR S Sk ]
10 25 DT T B 0 5 B 5 o 34 28 R B B, — By
[ A7 01 2% I R 3o 1 A i L A = B AR B S R
R g 3R PR OR 5% mie) AE TE R SE I ) R R
Shy AR 0 J5 2 Ll R 5 I v A R 1) 2 A
ERIE AR X

1 A BLLUE e BE T DU B [ A AR (X =0.2,2=0.5)
Table 1 The first four-order natural frequencies of

rotating cracked beams at(X.=0.2,x=0.5)

N 4791 / H
(55
Chp— (/ZZO“)‘ L‘/,:O. 2 (’/1:0. 4 ('/1:0. 6 L‘/,:O. 8
1 51.89 51.90 52.22 52.67 53.31 53.72
2 145.04  145.09 140.21 134.94 129.09 124.69
3 298.72 298.31 279.44 259.02 237.00 206.04
4 516.22 513.78 475.28 431.89 384.83 317.15

2 S BLEURE G BRI B A AR A (X =0.4,2=0.5)
Table 2 The first four-order natural frequencies of

rotating cracked beams at (X, =0.4,2=0.5)

A 44/ He

B %1
=0 =0 ¢,=0.2 ¢,=0.4 ¢,=0.6 ¢,=0.8
1 51.91 51.94 52.25 52.71 53.37 54,46
2 144.49  144.31 139.75 134.58 128.81 122.34
3 298.20 297.59 278.59 257.94 235.78 211.16
4 521.25 520.84 480.02 435.90 387.65 332.63

3 B RLUE e GE T DU B [ A AR (X =0.8,2=0.5)
Table 3 The first four-order natural frequencies of

rotating cracked beams at (X, =0.8,x=0.5)

8 i/ Ha
B %

Ch =0 Ch :()[g] Ch =0. 2 Ch =0.4 Ch =0. 6 Ch =0. 8

1 51.91 51.94 52.25 52.71 53.37 54.46

2 144.68 144.56 139.85 134.61 128.80 122.35
3 295.58 293.72 276.21 255.89 234.22 210.30
4 508.01 506.33 470.49 427.88 382.10 330.02
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Fig. 2 Changes of the first-order natural frequency
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Fig. 3 Changes of the second-order natural frequency
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Table 4 Ratios of first-order and second-order natural frequency changed with rotating speed
- — B B BRL f1./ 10 T EA BRI fou/ f2 (0
HEC e I /rpm OEey I /rpm
RE #/Hz 2 000 4 000 6 000 8 000 10 000 */Hz 2 000 4 000 6 000 8 000 10 000
0 87.70 113.99 147.93 190.96 237.78 286.31 465.61 102.54 109.80 120.93 134.95 151.02
0.1 86. 61 114.25 148.72 192.34 239.77 288.92 461.19 102.58 109.97 121.27 135.49 151.79
0.2 83.73 114.98 150.96 196.26 245.41 296.31 450.40 102.70 110.41 122.17 136.92 153.78
0.3 79. 26 116.30 155.00 203.28 255.47 309.46 435.61 102.89 111.10 123.57 139.13 156.84
0.4 73.17 118.56 161.75 214.89 272.00 330.93 418.74 103.14 112.01 125.41 142.01 160.80
0.5 65. 36 122.48 173.10 234.07 299.00 365.71 401.40 103.44 113.12 127.59 145.40 165.42
5 AU AL G 0 — B R B [ A A
Table 5 Ratios of first-order and second-order natural frequency changed with crack depth
— B EAE L £/ 10 W EAE I £/ f2 (VD)
Fed/rom s LIPS ECETE S W1 i A X S B
#/Hz 0.1 0.2 0.3 0.4 0.5 #/Hz 0.1 0.2 0.3 0.4 0.5
0 87.70 98.75 95. 47 90. 38 83.43 74.52 465. 61 99. 05 96.73 93.56 89.93 86. 21
2 000 99. 97 98.97 96. 30 92.21 86. 78 80. 08 477.43 99. 09 96. 89 93. 88 90. 46 86.97
4 000 129. 74 99. 28 97.43 94. 69 91.23 87. 20 511.24 99. 20 97.27 94. 66 91.75 88. 81
6 000 167. 48 99. 46 98.12 96. 20 93.89 91. 35 563. 06 99. 33 97.72 95. 60 93. 26 90. 96
8 000 208. 54 99.58 98.53 97. 10 95. 44 93.71 628. 34 99. 45 98. 15 96. 45 94. 64 92. 89
10 000 251. 10 99. 65 98. 81 97.68 96. 44 95.19 703.18 99. 55 98. 50 97.16 95.75 94,43
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