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Table 1  Periodic comparison of the method of initial — value transformation and
analytical methods for the equation (6) [when ¢, =0,c, =11]
Energy H Norm k Angle ®  Amplitude A Central Angular Period T Period T *
offset Ay frequency w

0 0 1.047 20 0 0 1 6.283 2 6.283 2
0.001 67 0.272 81 0.980 35 0.057 85 0.001 12 0.998 60 6.292 0 6.292 0
0.010 00 0.418 79 0.882 22 0.142 23 0.006 79 0.991 46 6.3373 6.337 4
0.020 00 0.493 63 0.811 37 0.202 35 0.013 84 0.982 48 6.3952 6.3955
0.040 00 0.583 41 0.705 88 0.289 88 0.028 84 0.962 96 6.524 9 6.526 0
0.060 00 0.646 40 0.618 20 0.360 23 0.045 31 0.940 82 6.678 4 6.681 4
0.080 00 0.698 89 0.536 94 0.422 97 0.063 69 0.915 12 6.866 0 6.872 17
0.100 00 0.747 14 0.456 48 0.482 34 0.084 73 0.884 21 7.106 0 7.1202
0.120 00 0.795 32 0.371 73 0.541 49 0.109 79 0.844 85 7.4370 7.468 1
0. 140 00 0.848 79 0.274 34 0.604 64 0.142 04 0.788 76 7.965 9 8.0455
0.160 00 0.924 84 0.134 24 0.685 30 0.194 30 0.674 85 9.3105 9.778 4
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T—Period by analytic method; T*—Period by
method of initial — value transformation.

G MW AR vk 5 AT 2R T R (6)
[Heo =0,c, =1 A LLAL Forb, H e i g
KA HIRIE A, OB, 0 AT

1) RS A8 TE B IE 5 i ML 25 )l X R i
ARZ IR B X A0 e BAT 0 F R Ak, AL 4RO
FHARXS PR IBIE. R FHRI(E AL 3%, AT LAT7 (8 3
SRS, FLA R AR

2) FEARXIFRSR AR LA IR B AU, AN A IR



1

AR A AR X FRSR AR L MEAR S RFIE BT 19

- WA FIA - BUSE AR, i HAFAE M - WOC .
- W ZR S AR X PR AR AR Bl I U A AR
TE TR R4 T 2 W Y E AL

0.5 9},(6’0':,:: 0.54 Q}}M

. o 2 /
X x 7
: 10
o(\% Qb
E'}*"\goo@w o}’}}\ K

T, 9

%,
of
o
%0000°°
i
ot
o

-1 -0.5 0 x 0.5 ISP 0 x 0.5 1

(a) One harmonic method and analytic method (b) Two-harmonic method and analytic method

[2515 *ﬁiﬁlﬂ(co :0,02:1,€=0,X0= —0.8,5{0 =0)

oo WME AL ek, — R AT i
Fig.5 Phase planes(cy =0,¢, =1,e=0,x, = -0.8,%, =0)

°°°method of initial — value transformation analytic method

6 6
1 4]
X
L2 1 2
X
0 4 0
-9 ] -2 ]
-4 3 -4
-6 S —— -6 T
-6 -4 -2 0,2 4 6 -6 -4 -2 0x2 4 6

(a) One harmonic method and analytic method (b) Two-harmonic method and analytic method

B6 M (co=1,c,=-0.2,e= —0.85410,x, =5,k =0)
oo YUEAR T , —— AT

Fig.6 Phase planes(c, =0,¢, =1,e=0,x, = -0.8,%, =0)

°°°method of initial — value transformation analytic method

3) BT AR XS B JE I B0GE 0 A R R
PG 1A RS R IE t TARZ AR T A
A BT 5 RS 14 5 X TPk o3 T A R A7 A 1)
R, T LOE I A AR TR T 2 (HAR R M Rl T A
B RURANBETH 09, e 2015 | T AL

1 BRPALW. Fo UIETE. ARLIE SR D7 BRI 73 L%
R BRPL SN2 ] ) L. )22 4T, 1988,20(6),522 ~ 531
(Chen Y S, Langford W F. The sub-harmonic bifurcation
solution of nonlinear Mathiu’ s equation and euler dynami-
cally buckling problems. Chinese Journal of Theoretical and
Applied Mechanics, 1988,20(6) :522 ~531(in Chinese) )

2 R ARRMEIRS R M AR RS, JUat . m A

10

11

12

# & WAL, 1993 (Chen Y S. Bifurcation and chaos theo-
ry of nonlinear vibration. Beijing: Higher Education Press,
1993 (iin Chinese) )

Bogoliubov N N, Mitropolsky A Y. Asymptotic methods in
the theory of nonlinear oscillations. New York : Gordon and
Breach, 1961

Nayfeh A H, Mook D T. Nonlinear oscillations.
York ; John Wiley & Sons, 1979

WAL AL R S . RHE : KIEERHFHOR H A, 1983
(Chen Y S. Nonlinear vibration. Tianjin: Tianjing Science
and Technology Press, 1983 (in Chinese))

200, AR AR LM BR 3h R G 1 PE R A . b s
B2 B4t 1997 (Li L. Qualitative theory and quantita-

New

tive method for strongly nonlinear vibration system. Bei-
jing:Science Press, 2007 (in Chinese) )

WRB . SR AR L PR IR 3 R G0 T 071k - st B
2210 pr k2007 (Chen S H. Quantitative analysis method
for strongly nonlinear vibration system. Beijing: Science
Press, 2007 (in Chinese) )
Ol TR, PO , SR . LIRS AR R
AT R - Bl ) s S ] 2E 4Rk, 2011,9(2)
152 ~157 (Li X Y, Zhang H B, He L J, Zhang L J. In-
fluence of internal resonance on dynamics of spring pendu-
lums. Journal of Dynamics and Conirol, 2011,9(2) :152
~ 157 (in Chinese) )
AR, K0T, B W, R R PTIE BkK A o
Rt Duffing 75 . A HE TR 2242 4], 2005,36 (6) -
690 ~693 (Li Y S, Zhang S'Y, Dong Q T, Cao J L. Two
harmonics method for strongly nonlinear duffing equation.
Jounal of Taiyuan University of Technology, 2005,36(6) :
690 ~ 693 (in Chinese) )

R 5K, Ol B A SRARL NS ) ARG M
T , AR TR 2441, 2005,36 (6) 694 ~ 696 (Li Y
S, Zhang S Y,Li X Y,Luo L J. Two harmonics method for
strongly nonlinear dynamic systems. Journal of Taiyuan Uni-
versity of Technology, 2005,36(6) :694 ~696 (in Chinese) )

AR ZERAS R R BB SRR AL AR S ]
AR 415 RS i, 2008,27(S) :28 ~30 (Li
YS, LiSJ,Cao J L,Hou S J. A method of initial-value
transform for strongly nonlinear vibration. Journal of Vibra-
tion and Shock, 2008 ,27(S) :28 ~30(in Chinese) )

R, TR TG, X, HH L SR A AF T R B
[ b PRl 64 70 22 i HLBRGE BE 2007 ,29(1) :30 ~ 35
(Li Y'S, Zhang SY, Liu B, Dong Q T. Bifurcate solutions

of free vibration to a circular plate for various boundary con-



20 g 1 ¥ 5 & 6l ¥ W 2012 4F456 10 %

ditions. Journal of Mechanical Strength, 2007 ,29 (1) :30 ~11 (Li YS, Zhang M L, Tan R H, Li S J. Two harmon-
~35(in Chinese) ) ics method for unsymmetrically dynamic systems with strong

13 ZSEI, TR BR M A SRS SRR M AR X Rk g nonlinearity. Journal of Hebei University of Technology,
ARG PITE I k. 3T b Tolk K224 4k ,2007,36 (5) : 1 2007,36(5): 1 ~11(in Chinese))

ASYMMETRIC, STRONGLY NONLINEAR OSCILLATION
CHARACTERISTIC ANALYSIS®

Li Yinshan Pan Wenbo Wu Yanyan LI Xinye
( Department of Mechanics, Hebei University of Technology , Tianjin 300130, China)

Abstract A method of initial-value transformation was presented to obtain the approximate analytic periods of a
class of nonlinear oscillators. The periodic solutions can be expressed in the forms of basic harmonics and bifur-
cate harmonics. Thus, an oscillation system, which is described as a second order ordinary differential equation,
can be expressed as a set of non-linear algebraic equations with a frequency, amplitudes as the independent varia-
bles using Ritz-Galerkin’ s method. But the set of equations is incomplete, and the key is to consider initial -val-
ue transformation. After adding supplementary equations, a set of non-linear algebraic equations with angular fre-
quencies, amplitudes as the independent variables was constituted completely. For examples, six asymmetric pe-
riodic solutions bifurcating about a nonlinear differential equation arising in general relativity were solved by using
the method of initial-value transform. Amplitude-frequency curves and central offset-frequency curves of the a-
symmetrically vibration systems were derived. In addition, the drift phenomenon of natural angular frequency was

discovered.

Key words method of initial-value transformation, asymmetric vibration, bifurcation, central offset-fre-

quency curves, the drift of natural angular frequency
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