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Steady-state Equilibrium Analysis of a Multibody System
Driven by Constant Generalized Speeds
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Abstract

This paper presents an algorithm which seeks steady-state equilibrium positions of constrained
multibody systems driven by constant generalized speeds. Since the relative coordinates are employed,
the constraint equations at cut joints are incorporated into the formulation. The proposed algorithm
leads to nonlinear equations that need to be solved iteratively. This algorithm should satisfy both types

of conditions:
effectiveness of the proposed algorithm,

the force equilibrium equations and the kinematic constraint equations.

To verify the

two numerical examples are solved and the results are

compared with those of a commercial program. This method, compared to the conventional method of
using dynamic analysis, has the advantage of computational efficiency and stability.
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Fig. 1 A moving body in space
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Fig. 2 A schematic representation of a closed
loop system
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REV : Revolute joint
TRAN : Translational joint
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Fig. 4 2-DOF swing pendulum driven by constant
angular velocity

Table 1 Inertia properties of the swing pendulum

Body Mass [ ke ] Moment of ineznia | g
[ kgm®]

Body 1 1.0 0.1

Body 2 0.0 0.0

Body 3. 1.0 0.0
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Fig. 5 Relative angle between body 1 and body 2
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Fig. 6 Relative displacement between body 2 and
body 3
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Fig. 7 Governor mechanism driven by constant

angular velocity

Table 2 Inertia properties of the governor
mechanism
Mass Moment of inertia | kg - m®]
Body -
[ kgl I, I,
Spindle 200.0 25.0 50.0 25.0
Ball 1 1.0 0.1 0.1 0.1
T
Ball 2 1.0 0.1 0.1 0.1
Collar B 1.0 0.15 0.125 0.15

Table 3 Initial values of the governor mechanism

Point Initial Position [m]
0, (0.0, 0.2, 0.0]

0O, {-0.16, 0.2, 0.0
O3 [0.16, 0.2, 0.0]
0Oy {0.0, 0.1256, 0.0]
P [-0.08, 0.2, 0.0]

[0.08, 0.2, 0.0]




REV : Revolute joint
TRAN : Translational joint
DIST : Distance joint

Fig. 8 Tree structure of the governor mechanism
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Fig. 9 Relative displacement between spindle and
collar
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