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MECH 401 – Mechanical Design Applications

Homework #2

Load and Stress Analysis

Due:  Thursday, January 24, 2008 (in class)

Start each problem on a new page.  Drawings should be neat – use a straightedge!  Box your final answers.  Neatness counts on homework.  Late homework is not accepted.

1. [10 points]  Problem 3-1, part d and e 

(Free Body Diagrams)

The symbol W is used in the various figure parts to specify the weight of an element.  If not given, assume the parts are weightless.  For the figure, sketch a free-body diagram of each element, including the frame.  Try to get the forces in the proper directions, but do not compute magnitudes.
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2. [10 points]  Problem 3-3, part b OR d

(Shear/Moment Diagrams)

Find the reactions at the supports and plot the shear-force and bending-moment diagrams for each of the beams shown in the figure.  Label the diagrams properly.
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3. [15 points]  Problem 3-9, part a and b

(Mohr’s Circle)

For each of the plane stress states listed, draw a Mohr’s circle diagram properly labeled, find the principal normal and shear stresses, and determine the angle from the x axis to 1.  Draw stress elements as in Fig. 3-11c and d and label all details.

(a) x = -4, y = 12, xy = 7 ccw

(b) x = 6, y = -5, xy = 8 ccw

4.
(Problem not in Shigley)   [10 points]
A 70-mm-diameter solid steel shaft, used as a torque transmitter, is replaced with a 70-mm hollow shaft having a 6-mm wall thickness.  If both materials have the same strength, what is the percentage reduction in torque transmission?  What is the percentage reduction in shaft weight?  Comment on your results.

5.
Problem 3-50  [15 points]
Considering the stress concentration at point A in the figure, determine the maximum normal and shear stresses at A if F = 200 lbf.
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6. [15 points]  
(pressure vessel)

An AISI 1020 cold-drawn steel tube has an ID of 1 3/4 in. and an OD of 2 3/8 in.  What maximum internal pressure can this tube take if the largest principal normal stress is not to exceed 80 percent of the minimum yield strength of the material?

7. [15 points]  Problem 3-73 

(curved beams)

A utility hook was formed from a 1-in diameter round rod into the geometry shown in the figure.  What are the stresses at the inner and outer surfaces at section A-A if the load F is 1000 lbf?
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8. [10 points]  Problem 3-81 

(contact stresses)

Two carbon steel balls, each 25 mm diameter, are pressed together by a force F.  In terms of the force F, find the maximum values of the principal stress, and the maximum shear stress, in MPa.
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