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You might need to use the law of cosines in this exam: ¢? = a? + b% — 2ab cos 8,
where 6 denotes the angle between sides of length a and b and opposite the side of
length c, to solve the Dynamics problem(s).

1. For the beam shown in Figure 1, answer the following questions:
(1) (5 pts) determine the shear force and bending moment at point A.
(2) (10 pts) draw the shear and bending-moment diagrams.

(3) (5 pts) determine the maximum absolute value of the bending moment

6 kN 20 kN
A

16 kN/m

2m 1.5m 1.5m
< >l

Figure 1. A beam structure under different loading.

2. The mechanism in Figure 2 consists of identical meshed gears 4 and B and arms
are fixed to the gears. The spring attached to the ends of the arms has an unstarched
length of D =12 cm and a stiffness & = 280 N/m. A torque M is applied to gear 4 to
yield an angular displacement 8 through each arm (@ = 22 cm) rotates. The gears
can be viewed as circles with radius R = D/2. Each gear is pinned to fixed supports
at their centers.

(1) (5 pts) draw the free body diagram of the gears.
(2) (15 pts) determine the angular displacement 8 in degrees for M =20 N-m.
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Gear A Gear B

Figure 2. A gear mechanism.

3. As shown in Figure 3, member ABCD is supported by a pin and bracket at C and
by an inextensible cord attached at 4 and D and passing over frictionless pulleys at
B and E. Neglecting the size of the pulleys.

(1) (10 pts) draw the free body diagram.
(2) (10 pts) determine the tension in the cord.

(3) (10 pts) determine the reaction at point C.
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Figure 3. A mechanism including pulleys and cords.

4. An open-ended thin-wall cylinder with inner radius 7 = 10 m and thickness t =
0.1 m is subjected to an axial force F and an internal pressure P as shown in
Figure 4. Let the normal stresses of a square element on the outer surface of the
cylinder as shown in Figure 4 (left) be g, = 5000 N/m*and g, = 15000 N/m’.

Answer the following questions (assume the thin-wall is in plane stress condition):
(1) (10 pts) Find the values of P and F
(2) (10 pts) Obtain the shear stress t,,y, and plot the Mohr circle.

(3) (5 pts) Obtain the absolute maximum shear stress

(4) (5 pts) Let Young’s modulus E = 30 X 10® N/m?and Poisson’s ratio v =
0.3, find normal strains in the x and y direction :

Figure 4. An open-ended thin-wall cylinder subject to an internal pressure and an axial
load.
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. As shown in Figure 5, a 20-g bullet is fired at angle of 15° with the horizontal into
a 4-kg wooden block and becomes embedded in it. Knowing that the block and
bullet then move up the smooth incline of angle 15° for 1.5 seconds before they
come to a stop, determine (1) the magnitude of the initial velocity v, of the bullet,
(2) the magnitude of the impulse of the force exerted by the bullet on the block. (22

pts)

Figure 5. The bullet-block problem.

. The motion of a uniform slender 2.4-kg rod 4B is guided at 4 and C by collars of
negligible mass (Figure 6). The system is released from rest in the position 8 =
45°, Ignore the friction between components and determine the angular velocity w
of rod 4B when 8 = 35°. (28 pts)

Figure 6. The guiding mechanism problem.



