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Fg.1 Sketch diagram of a nonlinear whirling cracked rotor
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Hg.2 WT amplitudes of main harmonic bands change with A t=k/ (n- m)
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Fig.3 WT amplitudes of al the harmonic bands at three At’ s (At =0, 1, 2)
(a) Chaos, (b) Quasperiod
1 - L (1)
, Q 0.5702 0.573 Q 0.000 01) ,
, Q 0.5702 0.57075 7 ,Q 0.57076 0.571
, 14 Q 0.57101 0.57111 , 28 Q Q=
0.57112 , , Q 0.572 45 0.572 58 ,
21 Q, , Q =0.573.
, 4  Poincare .
5 Q-AK . 5 (a )
5 (b) : Farey
, “ Arnol’ dtongue’.

6 U-B ) U , ,



55

. 0.1
0.05 0.05 .
R N 0
—.0.05 ~-0.05
0.1
0.15 -0.15 (2 .-
0.25 -0.25 : 03 —
0209 1 1012 13 14 1.5 09111121314151.5 0911112 \13 141516
X Y .
£2=0.570 40 0=0.37090 2=0.57108
(a)
/ .
01 « | oos| .- o 0.1
’—
or | . 0
s l \ =.0.0s| °
-O.ll \ 0.1
0.1%
0.2 ~ N -0.2
~N
-0. ; -0.25 : 03 .
o1 111213 141516 0911.11.21314151.6 091 1.1 1.2\1.3 141516
Y x Ay
02=057112 2=057256 02=0.57260
(b)
4 Q B =0.0,AK=0.56, U=0.1)

Fig. 4 The typesof motion vary withQ (3 =0.0, A K=0.56, U=0.1)
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Fig.5 The distribution of the typesof motionin Q - A K plane (3 =0.5, U =0.1) (continued)

(b) The distribution of variousof periodic motionsin Q - A K plane
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(The null postions corregponding the other types of periodic motions)
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A NEW M ETHOD OF IDENTIFYING THE TY PES
OF MOTION OF A NONL INEAR CRACKED ROTORY

Zheng Jibing
( Department of Applied Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Meng Guang
(Institute of Vibration Engineering, Northwestern Polytechnical University, Xi' an 710072, China)

Abgtract A cracked rotor is a complicated nonlinear time - varying dynamical system and its types
of motion can be periodic, quasiperiodic or chaotic when the parameters of system changes. For a
given st of parametersof the sysem, Poincare section, power gpectrum , wave form and L yapunov
exponent are usualy utilized to see whether the reponse of the systemischaoticor not , but it is dif-
ficult to determine precisgly the domains or attracting basns of different types of motionsin para
metric gpace or initia value ace only from graphics study , and computing L yapunov exponent is
very time consuming. Aswaveet trandorm can revea loca property in both time domain and fre-
guency domain, a new method isintroduced to identify the typesof motionsof the sysem,i. e.,
the periodic motions can be identified by Poincare map , and harmonic wavelet trandorm can distin-
guish quadperiod and chaos dnce part or al of the harmonic componentsof a chaotic motion can’ t
repeat periodically and can be noticed by the result of wavelet trandorm. Examples show that this
method is more efficient than that of computing Ligpunov exponent and can be eadly applied to a
nonlinear cracked rotor system.

Key words nonlinear vibration, rotor dynamics, chaos, wavelet trandorm

{1) The project supported by the Nationa Natural Science Foundation of China.



