5558 255052 12010 46 J} L LT
1672-6553/2010/08(2)/177-5 JOURNAL OF DYNAMICS AND CONTROL

Vol. 8 No.2
Jun. 2010

BREHRYE X RIIEZL ERS 5

EHE FEF

(R LA ABE, Kb 410075)

WE XS R IREU SCRAERIRIRS B AR LA BT 1 BIE 70, WIS T R A AR LA IR 30 19~
Hrf#. F Rayleigh J7 0 PR B4 ek B3R A MRS B B pR B 2H 45, A 1 SRR R IR S (1 55 — B PR Y ek 5

114 2R 5 BB RT3 T A ) ) 2R TR B N 20 3 N [ B — PR BRIy X SR A R R IR ST 1

T REART AR, B T TR
Kegia RO, JLRHRZLNE,  BAWER,

5l

i3

M FREOR IR T, 2R AL
W& s PERE AR Y A Ji I EE JBE B 45 4y 114 R
B, M SEE R TE R IR R 8 1 TAREREE T, 29k 57
LU HE I K Xk S5 A8 1) BE A2 A VA LB
R PREEH B AT SRR 02 55 75 i , B2 R 7 R R i
) B LT HE LA S sl AR AT b 22

ARSI AT O R e 1 8 3R ARG S
RAERMEIREN T B UATAE L IR R R AR, R A
TR T AR B SR BN 45 78 AN TR 26 — PRECR
By X R ALRE M. 133 T SRR — B AR
LRI Gk AR AR SR,

1 BigHHhr

1.1 Rayleigh &t E R RET
TEEAT AN SIVE AT ) Hamilton JRUE .

27/ @

5L (V=T)dt =0 (1)

T-3life; V- BNAERE(V, +V,) 3V, — i) by
ARE;V, — SN AR RE. VA w (v, t) =w(x)sinwt

=a,w,(x)sinwt(i=1,2,--,n)

V, = Laiajkijsin2 (wt)

2

1 .4
V, =5a,a;a,a,b,sin" (wt)

2

1
T= —a)zaiajmijcos2 (wt)

2

2009-10-30 W F 55 1 F5,2010-01-06 W BE B

RN IR

WV, oV, F1TARACO) AR, FEX 0, SRIRE 14
BT AR :

2[K]{A} +3[BiA} 1A} =20’ [M]{A] (2)
HA K]y by ZH 8N BE AR I, [ M ] Ry m 20805
FERE, LA AR H R A R AL o, R ) i, AR L
Wk B{A} ] =aaby,.

B (2) AT AL, 155

w' = (4)

TEC A B SCHR [ 4 ] Hp, i o B 5 R 1)
(3) Fn(4) XA R AR IRZETES. 4%
DAL PRI, e (4) 20V S i JL A e M A 3R 1)
S /N
1.2 NMATERYUEZRZHRITH

z¢

1 R
Fig.1 Model of a cracked beam
Wi LR R EORAE S M IIAERTT,
REURLEAE w0y, FLILAR AU LA AE S 78 i it A2



178 B h %

EC I

2010 4F55 8 &

SR LB h, TEIE b ABPEAR [, R E p,
THFA L o, FPEREE By FEIRIEIER T 8, 7 AL A L
AR RE R 25 AR BE Al 6] A RE AR RS

RN AERE Ve LSRR FRoRUTE
v, = 2 0(8x2> dx
_(ED?,9’W,,
V,; - ZK/ (8x2 )x:x()

ES L oW, » )

Vo= gl [ () ]
T = %pSLL(%—Z/)zdx (5)
HO K, = -, C S0 L MR S R A R

T WER, N+ FoRTEN) -
w,(x) = hw, (f) = hw (x")

ky _ EIR® my; _ pSHL by _ EIN’
s % 9 * 7 % 3
k; m; my b L
2
El ..
B, s =
w pSL
ko= f RAR L +B—82w"* 0w
i N ax*z ax*Z ax*Z xg ax*Z ”
. Low. ow” L w, 0w,
bi;kl = o) p %dx*J‘ %%dx
Jx  odx 0 Jdx  Jx
1
mJ = Lwi*wj*dx*

Hopr, B CRAFEIE AT, B SCHR[3 ] S, 2%
TREGRERRED) . F LB TUA(2) 15

TEWFTE R A 57 R ECR AR A Ik 3)
PR w AT 2B B A —FP B 0 251 eREbR i, 31X
— ZRA BB AR Ry LB R B (“ erack beam func-
tions” RIFR“CBF”).

DA AR RS Euler — Bernoulli 324341
R R 5 ST R A PR Bl R ) R A DAy e e P IR
LEA PR ARSI Y B IR AR
OW e TV
ox ot
T RBUIAETE , FERE x = xy WA P EEST
ARREL BE W (x,0) =w, (%) P(1)

Hrf:@(1) =aexp[j(wt +¢) ], 115

w™ (x) =A™ cosh (k™ x) + B sinh (k" x) +

C"cos(k™x) + D" sin(k"x) (7)

EI 0 (6)

(/1,)2
Horfr ok =B o 45 n R

(1) S A

x =0k w,(0) =0,] (0) =0

=LAk w) (1) =0, (1) =0

(2) P HSFE LA o = x, A

w, (%) =10, (x0) 0] (2,) =10] (x) 0] (x) =
w, ()

(3) AR AT

1 , ,
E(wz(xo) _wl(x0>>

WRET AL B, G LD (i=1,2) W 5F Ry
B ATTIIREFE, 5 K BT, 1E4E R
TREEAN I, nf AR 8] A B, G D (=1,
OBV NIIEEE IR € vl AQUIE 7 S OlE ) OF

2 RYEXRF—HIELERE

[ (2) 28 i PR L L B S B A Stk
(3] L R A, T 1AL = [a,,a;, -,
a,] W @y DAARSEABIAR LB/, FF LT AT 0T 1) 22
W (2) T ayaya, by BRI, P S FIZEHE CBF
504 1 R T A0 R, T 2 2
i @, (WAL TRAT S TR 7 )7 R 04— iR
BRI BT, 220K (2) 2 B — B Y BT 0
A

w;(’%) =

P *2 * 3 3q =
(k, —@™"m;)a, +-ajby,, =0

2
(r=2,3,---,n) (8)
I, R A ES RN 0 i =
—+ T a RA(8) R, AT A
my, My
g = (r=23,e0) (9)
* 27 = mn
2(ky +abyy———7)
my, —k

m

AL, FEZ E S — D BRR B o) TEOLT , 0]
P — AR SR A B X R

. . 3“?171*{1
w,, (x,a,) = aw’ (x) + 2 rm*
r=2 - 2 4
2(k11 + albITH) _Z - k,:

my,

3 HEESH
A LR 1] ST, TR TLAAT RO Bt e %5



%2 1

FEAF R R AU LR AR AR 3 70T 179

J3:E =200Gpa, p = 7850kg/m’, h = 10mm, b =
20mm, L =300mm.
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Table 1 Non — dimensional natural frequencies of

Simply supported beam with an edge crack

Crack depth a/h

0 0.1 0.3 0.5 0.8
1 3.1415 3.1163 2. 8966 2.4163 1.2531
2 6.2831 6.2831 6.2831 6.2831 6.2831
3 9.4247 9.3509 8.8473 8.2643 7.8796
4 12.5663 12.5663  12.5663  12.5663 = 12.5663
5 15.7079  15.5879  14.9194  14.3980  14.1519
6 18.8495 18.8495 18.8495  18.8495  18.8495
7 21.9911 21.8272 20.0615 20.6106  20.4306
8 25.1327  25.1327  25.1327  25.1327  25.1327

(2) BB RO ARAL 0 3

18

1.6
14

ah=05
1.2

1

5 08
0.6
04

0.2

0

0.2 L L f ' L ' L n L
0 01 02 03 04 05 06 07 08 09 1

K2 R[EREBORIE T RS — B IR B A
Fig.2  Comparison of the first — order mode shapes
for various cracks depths
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Table 2 Comparison of the non — linear vibration frequencies

Crack depth a/h
a

0.1 0.3 0.5
0.05 9.6519 7.8134 4.8858
0.2 9.9341 8.2159 6.1067
0.3 10.2983 8.7237 7.4287
0.4 11.3857 10. 1799 10. 6041
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Table 3 First — order non — linear mode shape parameters of

a Simply supported beam in case of a/h=0.1

W
2.0329¢-01 0.2
3.036le-01 0.3
4.0484e-01 0.4

4 a3 as &

7.0398e -06 7.1368e —06 —1,0074e —05
2.3872e —05 2.4098e —05 -3.4002e - 05
5.6452¢ -05 5.7111e -05 -8.0602¢ —05
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Table 4  First — order non — linear mode shape parameters

of a Simply supported beam in case of a/h =0.3

Wi
5.6784e-02 0.05 -2.7186e-063.1172e —09 —5.5955e —08
2.2691e -01 0.2 —1.7423e-041.9953e -07 -3.5812¢ —06
3.3989¢ -01 0.3 -5.8908e -046.7356e —07 —1.2087e —05
4.5231e-01 0.4 -1.3998e -031.5970e —06 —2.8653¢ —-05
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Fig.4 Comparison of the linear and the non — linear first mode shape

for a simply supported beam
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NON-LINEAR VIBRATION ANALYSIS OF SIMPLY SUPPORTED
BEAMS WITH AN EDGE CRACK

Wang Hongxia Li Xueping
(School of Civil and Architectural Engineering, Central South University, Changsha 410075, China)

Abstract This paper theoretically investigatied the geometrically non-linear free vibrations of a simply supported
beam containing an open crack under large vibration amplitudes, and established a semi-analytical solution about
the beam of non-linear vibrations. Using the combined mode functions of line model to express the mode functions
based on the Rayleigh method, the first mode explicit expression of non-linear vibrations was established. The
effects of various crack depth and the assigned different first function contribution a, on the maximum displace-
ments of the crack beam were numerically simulationed. An explicit solution is simple and ready to use for engi-

neering applications.

Key words crack beam, geometrically non-linear, natural frequency, mnon-linear vibration of shape

Received 30 October 2009, revised 6 January 2010.



