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Fig.1 Trajectory on phase plane for

the non-linear vibration of pendulum
—— trajectory on phase plane of real motion

..... trajectory on phase plane of approximate motion
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Table 1 The reduced factor a for the circular frequency and the coefficients of Fourier series in the four-parameter

method for the equation (1) with the condition 2{a,b)

A x/18 37/18 Sn/18 T=/18 97 /18 117x/18 137/18 157/18 17x/18
Qe 0.9981 0.9829 0.9526 0.9073 0.8472 0.7720 0.6804 0.5675 0.4099
0.9981 0.9829 0.9526 0.9073 0.8472 0.7720 0.6803 0.5670 0.4028
B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0009 0.0173
4 0.1746 0.5244 0.8763 1.2321 1.5942 1.9666 2.3567 2.7831 3.3330
€2 0.0000 -0.0008 ~-0.0036 -0.0105 -—0.0240 -0.0487 -0.0934 -0.1812 —0.4303
Cs 0.0000 0.0000 0.0000 0.0002 0.0006 0.0019 0.0056 0.0161 0.0644
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Table 2 The reduced factor @ for the circular frequency and the coefficients of Fourier series in the five-parameter

method for the equation (1) with the condition (2a,b)

A x/18 3x/18 S5x/18 Tr/18 9n /18 11x/18 13x/18 157/18 17x/18

a,, 0.9981 0.9829 0.9526 0.9073 0.8472 0.7720 0.6804 0.5675 0.4099
a 0.9981 0.9829 0.9526 0.9073 0.8472 0.7720 0.6804 0.5675 0.4100
B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 0.0002
c 0.1746 0.5244 0.8763 1.2321 1.5941 1.9663 2.3555 2.7774 3.2910
€3 0.0000 -0.0008 -0.0036 -0.0105 -0.0240 -0.0484 ~-0.0921 -0.1753 -0.3817
Cs 0.0000 0.0000 0.0000 0.0002 0. 0006 0.0020 0.0059 0.0177 0.0690
2] 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001 ~-0.0004 -0.0018 -0.0112
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EVALUATION OF THE NONLINEAR VIBRATION MOTION FOR
A PENDULUM FROM ITS DERIVATIVE PROPERTIES

Chen Yizhou
( Division of Engineering Mechanics, Jiangsu University, Zhenjiang 212013, China)

Abstract This paper suggested a novel solution for the non - linear vibration equation of a pendulum. From
the relevant differential equation and the initial condition for the problem, there are some derivative proper-
ties, which include the maximum displacement, the maximum velocity, the initial acceleration and the trajec-
tory on the phase plane. The studied approximation motion for a pendulum was expressed in the form of
Fourier series, in which the circular frequency was also an undetermined value. Let the approximate motion to
be close to those derivative properties, the involved Fourier coefficients as well as the circular frequency can be
evaluated, in which the four — parameter method and five-parameter method are used. It is found that the re-
sults obtained from the four-parameter method have a high accuracy, and that the results obtained from five-

parameter method has a very high accuracy.

Key words nonlinear vibration, nonlinear ordinary differential equation, numerical solution procedure

Received 27 April 2004.



