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Directions: 
Work all four problems. 

Note that the problems are EVENLY WEIGHTED. 
You may use two books and two sheets of notes for reference. 
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3.   A motor assembly has a rotating imbalance quantity mre = 0.001 kg m (which is the 
product of the rotating mass mr and its eccentricity e) and a total mass of M = 10 kg.  The 
motor operating speed is ω = 30 rad/sec.  A spring support, with negligible damping, is 
proposed to isolate the vibrations.   
(a) For an undamped isolation support, determine the spring constant needed such that the 
transmitted force is 50% that of the rotating imbalance force. 
(b) With this isolation system, the motor has problems on startup.  That is, as the motor 
slowly increases speed, it passes through resonance.  It is proposed to add damping.  Find 
the required damping coefficient such that, if held at resonance, the vibration amplitude is 
held to 0.4 mm. 
(c) If the damper is added, will the force transmitted be larger, smaller, or the same, as 
that transmitted after the undamped design in part (a), when the motor is run at its 
operating speed?  Support your answer. 

 
 
 



4.   The mass and stiffness matrices and the associated mass-spring system are shown.  
Damping is proportional, such that C = αM+βK, where α = 0.2 s-1 and β = 0.  The mode 
shapes are given (but not normalized), and one of the modal frequencies is ω1 = 0 rad/sec.  
Parameter values are k = 100 N/m, and m = 1 kg.  With forcing applied as shown (equal 
and opposite on the first and third masses), with F(t) = F0 sin (ωt), with ω = 10 rad/sec 
and F0 = 2 N, find the steady-state response of the third mass (i.e. find the steady-state 
response of x3). 
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