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SECTION B - DYNAMICS OF MECHANICAL SYSTEMS

Answer only TWO questions in Section B. Each question carries equal weight.

Question B1

Oo1

Fig. B1

The column 1 of the radar antenna shown in Fig B1 rotates with the constant angular velocity
@, about the vertical axis Z of the inertial system of coordinates XYZ. The system of
coordinates xjy1z; is fixed to the column. Its moment of inertia about the axis of rotation z; is
I2. The arm 2 is hinged to the column 1 at the point O. Its relative position is defined by the
following function of time
a = Asin ft

Mass of the arm 2 is m; and its principal moments of inertia about axis xay»z, are ly=Iy,=I5,
I» respectively. The distance | locates the position of the centre of gravity of the arm 2.
Produce the expressions for

1. the components of the interaction force at the hinge O

2. the components of the interaction moment at the hinge O

3. the driving moments that must be applied to the arm 2 and the column 1 to maintain

the assumed motion of the system
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Question B2

Fig. B2

The semi cylindrical shell 1 is free to rotate about the horizontal axis Z of the inertial system
of coordinates XYZ. Its mass is M and its mass moment of inertia about the axis Z is I1. The
distance c locates its centre of gravity G;. The instantaneous position of the shell is defined by
the independent generalised coordinate g;. The cylinder 2 can roll over the cylindrical shell
without slipping. Mass of the cylinder is m and the mass moment of inertia about its axis of
symmetry is l,. The instantaneous position of the cylinder is defined by the independent
generalised coordinate g,. There is a constant and horizontal force F applied to the shell at the
point A.
Produce:

1. the expression for the kinetic energy function of the system

2. the expression for the potential energy function of the system

3. the expression for the virtual work produced by the force F

4. the equation of motion of the system (take advantage of the Lagrange’s equations)

5. the generalised coordinates corresponding to the equilibrium position of the system
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Question B3

1) Prove that the centre of percussion of the pendulum shown in Fig. B3-1 is given by the
following formula
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Fig. B3-1

2) Prove that the virtual work produced by the gravity forces acting on a rigid body is
oW =G-dry

Fig.B3-2

END OF EXAMINATION PAPER

436-354 Mechanics-3 page 4/4



