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Mech 326 Midterm
November 2, 2012

Instructions: Answer all questions. Indicate units where applicable and draw a box around your answers.
Show all work. Open Book and Notes. Total marks = 50 Points. '
No communication devices allowed.

An electric motor drives a chain sprocket and chain which is used to power a wood cutting saw. The motor
shaft (supported by internal bearings) is actually a tube welded to a solid shaft. The shaft is made by
inserting a solid shaft (D, = 50 mm) into a hollow tube (outside dia., D; = 100 mm and inside dia., D, =50
mm) and welding the two shafts together. A chain pretensioner is used to take the slack out of the chain
which, in turn, applies a load of F5 downward on the chain as shown.

During operation, the motor generates an operating force of Fg (provided by the motor torque T) to drive the
cutting blade mechanism (not shown).

The motor shaft is made from AISI 1018 (HR) steel and has been machined after welding leaving a 5 mm.
radius weld at the shaft reduction.

Note: Shaft J = 21 = 613,592 mm® (at solid D; OD) & J = 9,203,877 mm® (at tube D; OD & D, ID))
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b) (20 pts): A maximum torque of T = 1000 N-m can be supplied by the motor to drive the chain. If the
cutting blade is jammed (no rotation) and the motor is producing its maximum torque, determine the factor
of safety n, to prevent yielding of the shatt based on the Von Mises (max distortion energy) criteria.
Assume the pretension load Fy = 0.

Be sure to complete the following tasks:

a) Determine the critical point where you would expect failure would first occur (be specific) and label this
point as on the diagram above.

b) Determine the principal stresses and sketch on Mohr Circle.

¢) Determine if failure has occurred and calculate factors of safety n, for static loading.
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(25 pts) Fatigue analysis: A fatigue assessment using a Modified Goodman approach is to be performed
for the shaft at the weld toe (i.e. where the weld meets the smaller diameter shaft) not for the weld itself.

During cutting operation, a constant motor torque of T = 500 N-m is required to cut the wood. The design
parameters also required a shaft operating temperature range of 20 °C to 50°C and a reliability level of
95%. Assume that the chain pretension is correctly applied and thus F4 = 0 N for this analysis.

(See original problem statement for more information)

a) Determine the modified endurance limit for the shaft. Be sure to state all assumptions.

, b) Calculate the factor of safety based on the Modified Goodman approach.
c) The fatigue assessment must be adjusted as it has been found that the chain pretensioner was improperly
adjusted and adds a measured force Fs = S00N to the existing design loads. Determine how this will change

the safety factor, ny. Illustrate this analysis on the Modified Goodman diagram and highlight any change in
the load line. Comment on the results.
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