University of California at Berkeley
College of Engineering
Department of Mechanical Engineering
ME102B, Fall 2014 Liwei Lin

Exam (November 12, 2014)
Close book, Open one formula sheet

Problem 1 (40%)
The cover of a pressure vessel is held in place by ten 1/2” UNC bolts (proof stress = 85 kpsi). The
pressure is 200 Psi and effective area of the cover exposed to the pressure is 314 in. The ratio of
stiffness of the bolt to the connected member is 1/3. Each bolt is tightened to 7500 Ib initially,
before the pressure is applied.

(a) Draw a diagram to illustrate safety factors of bolts by showing the important lines in the
figure. Please shade the area that is safe to operate and show the definition of safety factor
against yielding and safety factor against separation. Derive the equations for safety factors
against yielding and against separation, respectively (10%)

(b) Calculate the safety factor against ¢
yielding. (5%) 1 :

(c) Calculate the safety factor against

separation. (5%) bt by R
(d) Under what pressure, “separation” /1%5"7//////////’//97///////////
will start to occur? (5%) \53 """" AN N
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(e) Explain in less than 20 words what is
happening after the separation? (5%)
(f) Please calculate the safety factor
against yielding (proof stress) right
before and right after separation.

(10%) L ) ‘i




Problem 2 (60%)
The 24-tooth, 2mm module, 20° pinion shown as element 2 in the figure below rotates
clockwise at 1000 rpm and is driven at a power of 2000 Watts. Gears 4, 5, and 6 have 24,
36, and 144 teeth, respectively and the gear efficiency is 100 percent.

(a) Illustrate and explain the “‘contact ratio™ and “interference” in a figure when two
gears are meshing together. (5%)

(b) What is the contact ratio for gear 4 and 57 (10%)

(c) Determine if there is interference between
gear 4 and 5? (5%)

(d) What is the rotational speed and
direction of the arm 3? (10%)

(e) What torque can arm 3 deliver?
(10%)

(f) Draw free-body diagrams of the
arm 3 and Gears 2, 4, 5
respectively, and
show/analyze/calculate all forces
which act upon them in both
figures. (20%)
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