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Analysis of Dynamic Equilibrium Configuration
of Speed Governor
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Abstract  This paper proposes a method to obtain the dynamic equilibrium configuration of a constrained
mechanical system by using multibody dynamic analysis. Dynamic equilibrium equations with independent
coordinates are derived from the time-dependent constraint equations and dynamic equations of a multibody
system. The Newton-Raphson method is used to find numerical solutions for nonlinear algebraic equations that
are composed of the dynamic equilibrium and constraint equations. The proposed method is applied to obtain
the dynamic equilibrium configuration of a speed governor, and the results are verified on the basis of the
results from conventional dynamic analysis. Furthermore, vertical displacements at equilibrium configuration,
which varied with the rotational velocity of the speed governor, are calculated, and design parameter analysis of
the equilibrium configuration is presented.

Key Words : dynamic equilibrium configuration, constrained mechanical system, multibody dynamic analysis,
speed governor
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[Fig. 2] A speed governor system

[Table 1] Data of speed governor

Part Data

Ball ™I 0.132kg, (9.9, 9.9, 9.9)e-5N-m

Column 1 0.2kg, (5, 1.4, 5)e-4N-m

Collar M1 0.083kg, (6.2, 9.3, 6.2)e-6N-m
Rod M1 0.011kg, (1.1, 0.02, 1.1)e-6N-m
Spring k, ¢ 20N/m, 0.7N/m/sec

Rod L1 108mm

Link L2 S56mm
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[Fig. 3] Multibody dynamics model of speed governor
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[Fig. 4] Vertical displacement as a function of time

[Table 2] Table title

Rot. Proposed ADAMS
Velocity(RPM) Method(mm) (mm)
150 45.6 46.2
200 63.3 64.0
250 71.4 72.1
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[Fig. 5] Vertical displacement as a function of rotational

velocity
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[Fig. 6] Variation of vertical displacement due to spring
stiffness
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[Fig. 7] Variation of vertical displacement due to governor
mass
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[Fig. 8] Vertical displacement due to spring stiffness and
governor mass change
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