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1. As shown in Fig. 1, an accessory belt for an engine is shown in which pully A is 

attached to the engine's crankshaft and rotates clockwise. The belt tensioner 

consists of a frictionless idler pulley at B which is mounted to a horizontal bar D 

that cab slide in a frictionless track with the horizontal force P. The pulley C 

operates a hydraulic pump that requires 200 Nm torque. The coefficients of static 

friction for pulleys A and C are 0.4 and 0.6, respectively. The radii of pulleys A and 

C are 110 mm and 80 mm, respectively. Please determine the minimum value of P 

so that the belts does not slip. (25%) 

130° 

Fig. 1 

2. As shown in Fig. 2, the platform scale consists of a combination of third and first 

class levers so that the load on one lever becomes the effort that moves the next 

lever. Through this arrangement, a small weight can balance a massive object. If x 

= 450 mm and, the mass of the counterweight S is 2 kg, determine the mass of the 

load L required to maintain the balance. (25%) 
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Fig. 2 

3. The 4-kg disk shown in the Fig. 3 rests on a smooth horizontal surface and is 

attached to an elastic cord that has a stiffness kc = 14 Nim and is initially 

unstretched. If the disk is given a velocity (vD)I = 2 mis, perpendicular to the cord, 

determine the rate at which the cord is being stretched and the speed of the disk at 

the instant the cord is stretched 0.25 m. (25%) 

z 

Fig. 3 
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4. The 20-kg homogeneous disk shown in Fig. 4 is attached to a uniform 10-kg rod 

AB. If the assembly is released from rest when 0=60°, determine the angular 

velocity of the rod when 0=0°. Assume that the disk rolls without slipping. Neglect 

friction along the guide and the mass of the collar at B. (25%) 

B 

Fig. 4 

5. As shown in Fig. 5, you're given a task to design diameter of the solid circular shaft 

in automobile transmission system as shown in the figure. Due to space constraints, 

R&D team has decided to locate ideal bearings at A and B and length of the shaft to 

transmit forces as shown in the figure through pulleys at C and D. The ideal bearing at 

A supports vertical and axial forces whereas the ideal bearing at B supports only 

vertical forces. You may model pinned boundary conditions at A and B. To find out 

the proper diameter of the shaft, please complete the following items and questions. 

(a) Draw the shear-force and bending moment diagrams along the shaft's axial 

direction. (10%) 

(b) What and where are the absolute maximum shear force and absolute maximum 

moment inside the shaft? (5%) 

(c) You're advised that allowable bending stress is cra11ow= 160 MPa. What is the 

smallest closest allowable diameter of the shaft? (5%) 

( d) With the shaft diameter you obtained in ( c ), what are the axial, torsion and 

bending displacements at D? (5%) 



~ ?Jr J)l #JI. )j1j : f/J ~l ~ iJ;j #JI. 

;;tf-t~ft § ( 1\i.~) : :L.fj_}J * (1301) 
# _ 4_ Jf ' i_4_Jf 

Fig. 5 

Axial load 
SkN 

6. As shown in Fig. 6, if the bearing pads at A and B support only vertical forces, 

determine the greatest magnitude of the uniform distributed loading w that can be 

applied to the beam. The beam is made of a material having an allowable normal 

stress of 15 MPa and an allowable shear stress of 1.5 MPa. (25%) 
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Fig. 6 
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