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(b) The determination of the anti-phase modes
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Fig.4 The in-phase normal mode curves, the stiffness is &, = 1.0,
k, =1.8. where dash line is in the case of (g,,g,) =(0.0,0.75),
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and the line (&,,&,) =(0.75,0.75)
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Fig.5 The in-phase normal mode curve. The dash line is the

theoretical one and the line is the numerical one.
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£1 E=10.0k =1.0.k, = 1.8 FIBEAN EHEMBRE R
Table 1 E=10.0.k, =1.0.k, =1.8 The theoretical and numerical value about the in — phase normal mode
Parameter Stif.fm.ess Numerical Theoretical Equivalent Nur}lerical initial Thef)retical initial
variation frequency frequency frequency displacement displacement
Type £ & ® ) ®e X y X ¥i
0.0 0.0 0.6572 0.6571 0.6571 4.117 5.418 4.118 5.4179
0.15 0.0 0.6343 0.6419 0.6639 4.540 5.703 4.5289 5.7228
0.30 0.0 0. 6060 0. 6260 0.6710 5.078 6.111 5.0579  6.1361
The in — phase 0.45 0.0 0.5712 0.609%4 0.6786 5.756 6.695 5.7801 6.7302
normal mode 0.0 0.15 0.6548 0. 6543 0.6549 4.069 5.512 4.0829 5.5035
0.15 0.15 0.6324 0.6393 0.6622 4.508 5.787 4.4970 5.8021
0.30 0.15 0.6044 0.6236 0.6700 5.047 6.192 5.0295  6.2083
0.45 0.15 0.5694 0.6072 0.6783 5.759 6.792 5.7556 6.7943
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Fig.6 The anti — phase normal mode curve, the stiffness is k, =1.0,
ky =1.8. where the dash line is in the case of
(&y,6e,) =(0.0,0.75) ,the dot — dash line
(el,62) =(0.45,0.75) and the line( &, ,¢&,) = (0.75,0.75)
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Fig.7 The anti-phase normal mode curve. The dash

line is the theoretical one and the line is the numerical one.
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Table 2 E=10.0.k, =1.0.k, =1.8 The theoretical and numerical value about the anti —

phase normal mode

Stiffness Numerical Theoretical Equivalent Numerical initial Theoretical initial
Parameter L. . .
variation frequency frequency frequency displacement displacement
Type € &2 w W] Weq1 X y X1 M
0.0 0.0 2.0417 2.0416 2.0416 1.744 1.314 1.7439  1.3255
0.15 0.0 2.0291 2.0333 2.0206 1.821 1.256 1.7373  1.3749
0.30 0.0 2.0155 2.0251 1.9984 1.926 1.173 1.7290  1.4252
The in — phase 0.45 0.0 1.9994 2.0169 1.9750 2.044 1.09 1.7189  1.4762
normal mode 0.0 0.15 2.0042 1.9947 2.0043 1.779 1.273 1.8248  1.3538
0.15 0.15 1.9912 1.9862 1.9814 1.895 1.198 1.7373 1.3749
0.30 0.15 1.9771 1.9776 1.9573 1.973 1.104 1.7290  1.4252
0.45 0.15 1.9601 1.9692 1.9315 2.008 1. 006 1.7189  1.4762
’ m 1 /< )
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-2.8978);

(d) (x9,70) =(4.6000, 2.9023); (e) (xy,¥,) = (5.3000, 4.8673)

(e)

3573); (b) (xg,y9) =( -1.3250,

Bl 2 K N R BT s AR A B ep S (K Lk ey L ey) =(1.0,1.8,0.3,0.75).

-4.5087) ;

Fig.8 The abundant normal mode curves and the corresponding initial values. The parameters (k, ,k, ,&,,s,) =(1.0,1.8,0.3,0.75).

The initial values are (a) (%, y,) =( —=2.7000,
(¢) (xg, ¥9) =1(0.4250,

-2

-5.3573);

(b) (=9, y9) =(-1.3250, -4.5087);

.8978) ;5 (d) (%, ¥9) =(4.6000, 2.9023) ;(e) (x4, o) =(5.3000, 4.8673) ,respectively
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NONLINEAR NORMAL MODES OF A VIBRATIONAL SYSTEM
WITH CLEARANCE SPRINGS”

Li Yanging Jiang Jun'
(State Key Laboratory of Strength and Vibration, Xi'an Jiaotong University, Xi'an 710049, China)
Abstract This paper investigated the nonlinear normal mode of a 2-DOF piecewise linear system. First, the ini-
tial conditions of the in-phase and the anti-phase nonlinear normal mode motions as well as their curves in config-
uration space were studied theoretically, and the modal frequencies were obtained by weighted average method.
Then, numerical method was adopted in order to determine the curves of nonlinear normal modes in the configura-
tion space and the corresponding modal frequencies. The comparison between the theoretical and the numerical
results shows that the proposed formulae of modal frequencies are more accurate than the one proposed previously
in the literature. It is demonstrated that the system may own the so-called superabundant modes beside the in-
phase and the anti-phase modes, namely, the number of modes may exceed the number of the degree-of-freedom

of the system. The appearance of the superabundant modes indicates the internal resonance between the in-phase

and the anti-phase modes.

Key words piecewise linear systems, nonlinear normal modes, modal frequency, superabundant modes
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