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Q1 A hydraulic actuator shown in FIGURE Q1 moves the pin P upward with constant
velocity v =2 j (m/s). When 6 = 35°,

a)  Sketch the velocity of pin P, v, in terms of polar coordinates, e, and e.

(3 marks)
b)  Determine the value for r,7,y,

(10 marks)
c)  Express the velocity of pin P, v, in terms of polar coordinates, e, and es.

(4 marks)
d)  Find the angular velocity, o of the slotted bar.

(3 marks)

Q2 A 30kgbox A is hung to the ceiling, and being initially at rest, as depicted in FIGURE
Q2,. Then, a 60 g bullet B horizontally strikes the box with velocity of 2160 km/h. The
bullet embedded into the box and moves together after the impact. Determine;

a) Velocity of the box and bullet after the impact.

(4 marks)
b) Angular velocity, ® of the pendulum.

(4 marks)
¢) Maximum angle 6

(12 marks)
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Q3 a) Describe three types of planar rigid body motion and give example of each motion.
(9 marks)

b) FIGURE Q3 shows a gear system configuration of jumping mechanism. Given an
angular acceleration, a, and initial angular velocity, (w,), of Gear A are 5t3 rads ™2
and 25 rads ™! respectively where t is in seconds, determine:

i) the relation of angular motion (8, w) between Gear B and Gear A when

t = 2s.
(9 marks)
i1) the angular displacement, &, and angular velocity, ®, of Gear B when
t=2s
(2 marks)

Q4 (a) There are various way of analysing rigid-body motion. Describe the meaning of
”instantaneous centers of rotation” in a rigid body .
(4 marks)

(b) FIGURE Q4 shows the connecting link ABCD. If link AB is rotating with an angular
velocity @ ag = 3 rad/s;

(1) Sketch the instantaneous center of zero velocity of link BC.

(2 marks)
(ii)  Determine the velocity at point B, vp.

(2 marks)
(iii)  Determine the distance of instantaneous radius of rg;cand rc/c.

(4 marks)
(iv)  Determine the angular velocity of link BC, wpc

(4 marks)
v) Determine the angular velocity of link CD, wcp

(4 marks)
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Q5 a) Asshownin FIGURE QS (a), the pendulum consists of two slender rods AB and OC

which have a mass of 3 kg. The thin circular plate has a mass of 12 kg. Determine:

i) The location of the ¥y, center of mass G of the pendulum.
(3 marks)
i1) The moment of inertia of the pendulum about an axis perpendicular to the
page and passing through G.
(4 marks)

i) The moment of inertia of the pendulum about an axis perpendicular to the

page and passing through the pin at O.

(3 marks )

b) Determine the maximum acceleration that can be achieved by the car in FIGURE QS5 (b)
without having the front wheels 4 leave the track or the rear drive wheels B slip on the
track. The coefficient of static friction is ps = 0.9. The car’s mass center is at G, and the

front wheels are free to roll. Neglect the mass of all the wheels.

(10 marks)

Q6 FIGURE Q6 shows a system that consists of a 50 N bar and a spring of 12 N/m spring
constant. Suppose the bar is rotating downward at 3 rad/s and the spring has an unstretched
length of 2 m, determine:

a) The initial kinetic energy and potential energy, when (8 = 0°).

(8 marks)
b) The final kinetic energy and potential energy before the bar stops to rotate.

(8 marks)
¢) The angle (measured down from the horizontal) to which the bar rotates before it stops

its initial downward movement.

(4 marks)
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