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RECITATION (SEPTEMBER 5 2001)

PROBLEM 1

Obtain the equations of motion for the following systems (assume small displacements).

1.

We first draw the free body diagram and formulate the equation of motion with respect to the center of
mass:

The total mass of the cylinder is 2m R Hρ π= , and the moment of inertia around the center
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The displacement along the vertical axis as a function of the displacement of the center of mass u0 and the

angle of rotation,θ, of the cylinder is ( ) 0u z u zθ= + .

Horizontal Equilibrium: 0 0x bm u K u+ =&& {1}

Moment Equilibrium: 0
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We substitute in equations {1} and {2}, the displacement of the base ub, as a function of the displacement
of the center of mass u0 and the angle of rotation, θ, i.e.:
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The equation of motion for the 2-dof system is now formulated as follows:

0 0 0
2x x

H
m u K u K θ+ − =&&

{4}
2

0 0
2 4c R x x

H H
J K K u Kθ θ θ+ − + =&&

H

2R

kθkx

ug

m u&&0

k θ
θ

ub

+z

-z

kx u

JC
&&θ



2

Equation {4} can be expressed in matrix form as follows:
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2.

We formulate the equation of motion by equilibrium of horizontal forces:
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3.

The displacement along the rigid bar is evaluated as a function of the rotation ( )u x xθ= .

We formulate the equation of motion by evaluating moment equilibrium around the support:
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4.

The rotational inertia around the center of the ring is: ( )2 2 2J x y dm m R= + =∫∫

We formulate the equation of motion by evaluating moment equilibrium around the pin:
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We linearize equation {1} by assuming small rotation angle sinθ  ≈ θ.

Therefore we have: 2 0R gθ θ+ =&& , and length of the equivalent simple pendulum is therefore 2R.
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