Midterm Exam Exercise Problems
1. A helical compression spring is to be designed for an application.  The spring’s outer diameter is 1.80 inches and it is made of a 0.20 inch A227 spring wire.  The spring length at a minimum working load of 40 pounds is to be 3 inches.  The spring length at the maximum working load of 120 pounds is to be 2 inches.  The ends are squared and the spring is preset (set-removed). Find:
a) The free length of the spring.

b) The fractional overrun to closure.

c) The shear stress when the spring is closed.
d) Factor of safety guarding against set when the spring is closed.
e) Factor of safety guarding against eventual fatigue failure using Zimmerelli data with Goodman method. Assume the load fluctuates between the minimum and maximum working loads.
2. A pair of identical helical compression springs is selected for a motorcycle suspension application.  The two springs are used in parallel.  The free length of the springs is 6 inches.  The two springs would not react until the total load of 100 lbs is applied – that means riders (and seat weight) up to a 100 lbs would not deflect the springs.   The spring installation length is 5 inches.  The total maximum expected load by the rider is 300 lbs.  The spring wire diameter is 0.25 inch and outer diameter is 2.75 inches.  The spring is made of hard-drawn wire (A227) and it is set-removed.  The ends are specified to be squared and ground.  The ends are rigidly fixed to the end plates.  Determine 

a. The factor of safety guarding against yielding (set) 

b. Fractional overrun to closure  

3. A beam with a 4 inch by 2 inch rectangular cross section is welded to a wall with an E60 electrode.  The weld leg is 0.25 inches.  Only the top and bottom sides of the beam are welded (top and bottom correspond to the 4 inch sides).  The walls are made of AISI 1020 low-carbon plain steel.  The length of the beam is 10 inches.  The beam supports two bending loads: a load of 1000 lbs acting vertically on the top surface of the beam downward and a load of 500 lbs acting sideways (horizontally) on the 2 inch side of the beam. Ignore direct shear components of stress.  Determine:
a. Factor of safety guarding against static failure of the weld metal 

b. Factor of safety guarding against eventual fatigue failure if the cyclic loads are fully reversed.  Consider the surface finish to be similar to “as-forged” condition

Hint:  Use superposition principle by adding the stresses resulting for each load
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4. A load of 500 lbs is hanging from an L shaped horizontal bar with rectangular cross-section.  The shape of the cross-section is shown in the figure.  The 2-ft section is perpendicular to the 4-ft section and goes in normal to the plane of paper and is parallel to the wall.  The bar is also subject to a 2000 lbs tensile load as shown.  The bar is welded to a post on the top and bottom using a 3/8 weld leg and E70 electrode.  Determine the factor of safety guarding against weld material yielding.  You can ignore the direct shear stress resulting from the 500-lb load.
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