
ENTRANCE EXAMINATION FOR INTERNATIONAL MASTER’S PROGRAM 2021 Group A: Dynamics of machinery

Question I. As shown in the figure, a thread is attached to a fixed pulley of radius a and moment of inertia J , and a mass point of mass M is attached
to one end of the thread. A homogeneous hollow cylinder of mass m, outer radius r1, inner radius r2 and moment of inertia I is attached to the
other end of the thread. The thread is wound around the cylinder and uncoils without slack as the cylinder rotates, while the outside diameter of the
cylinder does not change. The pulley shall rotate smoothly, and there shall be no slippage between the thread and the pulley. The thread does not
expand or contract, and the mass of the thread is assumed to be negligible. The acceleration of gravity is assumed to be g. (25 points)

(1) Show that the moment of inertia around the axis of the hollow cylinder in the figure is I = m(r21 + r22)/2 using that the moment of inertia around
the axis of a homogeneous solid cylinder (mass m, radius r) is mr2/2.

(2) Derive the equation of motion of the mass point when the vertical downward displacement of the mass point is x.
(3) Derive the equations of motion for the translational motion, and the rotational motion of the cylinder respectively when the vertical downward

displacement of the cylinder is y and the angular displacement is θ.
(4) When the mass of the fixed pulley is negligible, express the translational acceleration of the mass point and the cylinder, ẍ and ÿ, in terms of

M,m, r1, r2, g.
(5) Under the above conditions, explain about the possibility that the cylinder is pulled up by the mass point or not.

Question II. A right figure shows a linear 3-DOF undamped vibration system consisting of three masses of αm, βm, γm (where α, β, and
γ are positive real) and three springs with the same spring constant k. The equations of motion of the system are shown in Equation (1).
Answer the following questions under the condition that there is a natural mode in this system such that the central mass point is a
node.(25 points).

αmẍ1 = −kx1 + k(x2 − x1), βmẍ2 = −k(x2 − x1) + k(x3 − x2), γmẍ3 = −k(x3 − x2) (1)

(1) Find a mass matrix M and a stiffness matrix K of this sytem, when the displacement vector is written as x = [x1 x2 x3]
T and the equation of motion of the system is

written as Mẍ+Kx = 0. Here [ ]T means transpose.
(2) Let the natural mode such that the central mass point is a node be X = [1 0 x]T . Find x and the corresponding natural angular frequency ω.
(3) Find the conditions for α, β and γ, and explain why there are no special conditions for β.
(4) Let ω1 < ω2 < ω3 be the three natural angular frequencies of this system. Find two other natural angular frequencies besides ω obtained in (2). Also, show that ω is

equivalent to ω2.


