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Forced Oscillation of an Inverted Elastic Pendulum

Yoshikazu MAKIHARA* and Hiroto KUNINAKA*

Abstract

Nonlinear forced oscillation of an inverted elastic pendulum, which has a massive bob on the top of a vertically standing
stainless thin rod, is investigated by measuring the frequency response curve of the pendulum. The pendulum is driven by
reciprocating the bottom of the rod periodically in a direction defined as y-axis.

The pendulum shows hard characteristics whose amplitude for the elliptical orbit of the massive bob increases with
increasing driving frequency. Further increase in driving frequency causes abrupt decrease in amplitude at a certain frequency.
With decreasing the driving frequency, on the other hand, a similar jump phenomenon (abrupt increase) is observed at lower
frequency than that where the abrupt decrease occurs with a large hysteresis phenomenon. This result indicates a characteristic
of the nonlinear oscillation.

In the experiment where the amplitude of reciprocal motion is increased, it is found that as soon as the amplitude of semi-
major axis of the orbit takes a small and abrupt decrease, the amplitude of semi-minor axis shows an abrupt increase, resulting
in a large circular orbit of the massive bob. Large amplitude of the orbit decreases abruptly at a higher driving frequency.
These peculiar characteristics of nonlinear motion in the system are investigated in detail.
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Fig.1 Experimental system for measuring nonlinear motion of the inverted elastic pendulum.
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Fig.2 Experimental result of the frequency response curve for Y=25mm which is a driving amplitude of the slide shaft. The
parameters A, B and 6 show semi-minor axis, semi-major axis and the angle between x-axis and the semi-major axis for the

elliptical orbit of the massive bob, respectively, as shown in the inset.
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Fig.3 Typical orbits of the massive bob at indicated points (D~@ on the frequency response curve in Fig.2.
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Fig.4 Frequency response curve (FRC) represented with solid and broken lines which is the solution of Duffing
equation (1). The dot-dash line called backbone curve indicates the solution of equation (2) that have no terms of
damping and external driving force. The red arrows represents the jump phenomena with large hysteresis in the
FRC .
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Fig.5 Experimental result of the frequency response curve for Y=50mm which is a driving amplitude of the slide shaft. The
parameters A, B, 6 and the symbols show the same parameters and symbols as those in Fig.2.
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Fig.6 Typical orbits of the massive bob at indicated points (D~@ on the frequency response curve in Fig.5.
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