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Regular and Chaotic Dynamics of a Fly-ball Governor 
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 The dynamics of a simplified 

model of a fly-ball speed governor 

undergoing a harmonic variation about 

its rotating speed are studied in this 

report. This system is a nonlinear 

damped system subjected to parametric 

excitation. The harmonic balance 

method with fast Galerkin procedure is 

applied to analyze the stability of period 

attractors and the behavior of 

bifurcations. The time evolution of the 

response of the nonlinear dynamical 

system are described by time history, 

phase portraits and Poincare maps. The 

regular and chaotic behaviors are 

observed by various numerical 

techniques such as power spectra, 

Lyapunov exponents and Lyapunov 

dimension. Lyapunov direct method is 

also applied to obtain conditions for the 

stability of the equilibrium point of the 

system. The multiple scales method is 

used to study the stable conditions when 

system is in the case of principal 

parametric resonance. 

 

 Finally, the domains of attraction of 

the periodic and strange attractors of the 

system are located by applying the 

Modified interpolated cell mapping 

(MICM) method, given by Ge and 

Lee[10]. Besides we must point out that 

this project gives not only a theoretical 

basis for practical design but also 

presents academic instrest by itself. 

 

The main parts of our study are: 

1. By applying Lagrange equations of 

motion, derive the nonlinear differential 

equations of motion for the system. 

2. Using Lyapunov’s direct method 

(second method), give the stability 

analysis of the motion of the system. 

3. The multiple scales method is used to 

study the stable conditions when the 

system is in the case of principal 

parametric resonance. 

4. Give the numerical simulation for the 

system to verify the above theoretical 

analysis, and further to study the 

geometry of behavior of the bifurcation 

and chaos by Poincare mapping, 

bifurcation theory, Lyapunov exponents. 

5. The domains of attraction of the 

periodic and strange attractors of the 

system are located by applying the 

modified interpolated cell mapping 

(MICM) method. 
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