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Section 1: Multiple Choice (2 points each, 20 points total) 
1.​ Which of the following characteristics are NOT associated with an ideal spring material? 

Select all that apply. 
○​ High ultimate strength 
○​ High yield strength 
○​ High modulus of elasticity 

2.​ Which of the fatigue failure criteria listed below is the most conservative? 
○​ Goodman 
○​ Gerber 
○​ Morrow 

3.​ Fatigue failure is characterized by: 
○​ A sudden failure after a dynamic shock pulse. 
○​ A gradual degradation in material properties due to high temperatures. 
○​ A failure after a number of load cycles under fluctuating stress. 
○​ A failure due to yielding under a single static load. 

4.​ When analyzing a beam subjected to pure torsion, which of the following stresses must 
be evaluated? 

○​ Normal stress 
○​ Shear stress 
○​ Bending stress 
○​ Hoop stress 

5.​ Fatigue failure typically occurs under: 
○​ Static loading conditions 
○​ Repeated or fluctuating loads 
○​ Uniform loading conditions 
○​ Only when the stress exceeds the yield strength 

6.​ Of the three major types of fatigue analysis discussed, which is most applicable for 
low-stress, high-cycle applications? 

○​ Stress-life method 
○​ Strain-life method 
○​ Linear elastic fracture mechanics 

7.​ What is the endurance limit of a material? 
○​ The maximum stress a material can withstand before permanent deformation 

occurs. 
○​ The magnitude of a completely reversed stress cycle that can be applied to the 

material indefinitely without failure, theoretically. 
○​ The stress at which a material will begin to creep over time. 
○​ The minimum stress required to initiate crack propagation in a material. 
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8.​ Estimate  for an AISI 1018 HR steel. (See table below). 𝑆
𝑒
'

○​ 180 MPa 
○​ 200 MPa 
○​ 220 MPa 
○​ 240 MPa 

 
9.​ Which of the following are failure modes of a typical steel key? Select all that apply. 

○​ The key is sheared across its width 
○​ The key is crushed by the force from the keyseat/keyway. 
○​ The key is elongated by high torque loads leading to high tensile stresses. 
○​ The key melts due to excessive friction during normal operation. 

10.​Which of the following best describes the role of shot peening in spring design? 
○​ It increases the spring stiffness by altering the wire diameter 
○​ It introduces compressive residual stresses to improve fatigue resistance 
○​ It hardens the surface of the spring to resist corrosion 
○​ It roughens the surface to improve the coefficient of friction. 
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Section 2: Problem-Solving (10 points each, 30 points total) 
11.​A rotating shaft is subjected to a fully reversed bending moment of 500 N-m. The shaft is 

made of a material with an ultimate tensile strength of 700 MPa, a yield strength of 350 
MPa, and a fully corrected endurance limit of 300 MPa. The shaft has a diameter of 30 
mm, a minor diameter of 28.5 mm, and a circumferential groove with a radius of 1.5 mm 
(D = 30 mm, d = 28.5 mm, r = 1.5 mm), as pictured in the figure below. Determine the life 
of the component. Show all calculations. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MET 4501 Spring 2025: Practice Exam 2         ​  
 

12.​A solid steel shaft transmits 20 kW of power at 1200 rpm. Torque is transmitted to the 
shaft through a key with dimensions: width = 8 mm, depth = 5 mm, length = 15 mm. The 
key material has a yield strength Sy = 310 MPa and ultimate tensile strength Sut = 400 
MPa. 

a.​ Calculate the minimum shaft diameter to prevent key shearing with a safety 
factor of 1.5. 

b.​ Determine the shaft diameter needed to avoid key crushing with the same safety 
factor. 

(Hint: To convert power (P) in kW to torque (T) in N-m, you can use the formula: 
 𝑇 =  9550·𝑃

𝑁

where N is the speed in rpm.) 
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13.​A compression spring in a mechanical assembly is subjected to cyclic loading, varying 
from 80 N to 400 N. The spring material is chrome-vanadium wire with a diameter of 2.5 
mm and the spring is peened. The outer diameter of the spring coil is 25 mm. FInd: 

a.​ The endurance limit of the spring wire, Sse, using the Goodman criterion with 
Zimmerli data. 

b.​ The midrange ( ) and alternating ( ) components of shear stress for the spring. τ
𝑚

τ
𝑎

c.​ The factor of safety for infinite life using the Goodman failure criterion. 
 
Table 10-4: Constants for Estimating Minimum Tensile Strength of Common Spring Wires 
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