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FINAL EXAMINATION

Open book.
Calculators permitted.
Attempt all questions. Time: 3hrs.

1- 
A disk clutch has inner diameter of 120 mm and outer diameter of 240 mm and coefficient of friction of μ = 0.3. The maximum allowable pressure for the material of the clutch is 2.5 ×106 Pa. Determine the maximum force required to engage the clutch, the maximum clutching torque provided and equivalent radius when

a) The clutch is new (uniform pressure)

b) The clutch is used for a while (uniform wear) 

     
(12 points)
2-
A compression helical spring with squared and ground ends has a solid length of Ls = 35 mm. Total number of turns is Nt = 14 and the spring would buckle with fixed ends if its free length is equal or more than 147.5 mm. For the material of the spring E = 210 GPa and G = 80 GPa. Determine the deflection and maximum shear stress of spring under a load of 20 N. (15 points)
3- 
In a gear set the module is m = 2 mm and the pressure angle is θ = 20˚. The driver gear has N2 = 30 teeth and the driven gear has N3 = 20 teeth. The input power is 4 kw at n2 = 200 rpm. 


a) Determine the force reactions and torque on the shaft of driven gear 3.

b) If the center distance between two gears is increased by 4 mm from its nominal amount, determine the force reactions and torque on the shaft of driven gear 3.  


(18 points)



4-
In the following figure the load applied on a rotating shaft is shown. The load is applied on a pulley. The pulley has a diameter of 800 mm and is fixed on the shaft that rotates 500 rpm. The bearings are fixed on the shaft but can slide on supports until reach the steps.
a) For the most heavily loaded bearing select the proper deep grove bearing from table 11-2 page 561 of text book for a life of at least 50 hours and reliability of 99%. (Find the exact bearing or make at least 3 iterations)
b) Based on the chosen bearing, what would be the minimum shaft diameter? (25 points)











5- 
The end of a pipe is closed using gray cast iron (E = 100 GPa) flange and cover each 20 mm thick as shown. Internal pressure of the pipe is 10.5×106 Pa and internal diameter of pipe is 100 mm. M10 ×1.5 bolts (E = 210 GPa) with property class of 5.8 are used. The threads stops right after the nut (which means except for points very close to the nut, all the length of the grip is unthreaded). No washer is used.
a) If the bolts are preloaded so that they can be re-used, determine the number of bolts to have a load factor of n = 2 against the pressure in the pipe (means if pressure doubled bolts won’t fail). 

b) In part a) determine the load factor against joint separation (loss of preload in flanges).

c) If the preload in the bolt stays the same but the internal pressure of pipe varies between zero and the pressure given (10.5×106 Pa), determine the factor of safety for infinite fatigue life. Use Soderberg fatigue failure theory and neglect stress concentration factor.

d) Determine the required torque applied on the nuts to cause the preload in the bolts. Assume that the average diameter of the nut is 1.5 times major diameter of the bolt and the coefficient of friction is μ = 0.2 everywhere. 
Figure 8-2 in text book shows details of metric threads.

(30 points)
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