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Q6
Steps:

1- Assign a coordinate system (x if the system is translational or 6 if the
system is rotational)to the problem

2- Draw the free body diagram of the system

3- Apply Newton second law of motion Y Forces = m¥ if the system is
translational or ¥ Torques = I8 if the system is rotational. In general the
equation of motion should be in the form: MZ + kZ = 0, M = mass,Z = x if the
system is translational and M = I,Z = 6 if the system is rotational, make

sure that all the terms in the equation of motion are positive.

4- Obtain the natural frequency of the system by dividing the coefficient of the
displacement by the coefficient of the acceleration in the equation of motion

and taking the square root of the division.

Note: The solution given here very detailed, we detail the solution because we are at the beginning of
the course. In future it will be much easier for you to solve the previous simple problem since they will

be considered very simple in future.
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A wheel (radius r, mass m, moment of inertia about its centre I ) can roll without slipping
on a horizontal plane. It is restrained by a horizontal spring (stiffness k) attached at one
end to the centre of the wheel and at the other end to a rigid vertical wall, as in Figure Q2.
Derive the equation of motion and hence find the natural frequency for the system. What

would the natural frequency be if there was no friction between the wheel and the plane?

=

k

A

Solution

Stepsl (Coordinate system)

If we study the translational motion of the centre of the disk we will use a coordinate x¢,

X
e —

Step 2 (Free body diagram)
What is our interest here? It is the motion of the wheel centre, let’s isolate the rotational inertia
element (wheel) and draw all forces acting on it:
We have the sprnig force: kx. and the friction force that cause rolling F

+ xq
Applying Newton second law of motion in the x;direction gives:

Forces =mi¥ - —kx;—F =mX \

2 G G kxg ]

Fr=18 — »F = Ii/r

a
=

Xg =10 ——>i; =710

<
«

F = Iig/r? Friction force p




Finally the equation of motion will be:
Iy,
<m+r—2)x6+kXG =0

The natural frequency of the system is obtained by dividing the coefficient of the displacement by the

coefficient of the acceleration in the equation of motion and taking the square root of the division.
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Beam in bending

xL/ : § | m—S

Mass, m Bending
stiffness, ky

The best practice is to obtain the natural frequency from equation of motion

Equation of motion:

mi +kgx =0

nB m (Wnp)?

3E]  3EnD*
The bending stiffness coefficientis kg = — = = 5719 kN

L3 64L3

__ks __572900 _
" (@)  misE
Beam in torsion
Angular

displacement

Equation of motion:

kT kr
nB I (wnT)? T
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1- In the first figure to the left the spring | s shown without the mass element, no extensions, in the
figure to the right the mass element is attached to the spring and the spring is stretched
downward a distance Xe = Xg called the static deflection.

Un-strained
position

/

Equilibrium
me position

2- The FBD is shown below:

kxeq

L’”g

xe =x0

Static equilibrium shows that kx, = mg — > mg — kx, = 0 (This is not an equation of
motion)

We know that: w, = \/% From which w, = g



