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Before we get started…

n Last Time:
n Flow Induced Vibration

n Examples

n Today:

n HW Assigned (due March 24): 4.2 and 4.6

n Material Covered: 

n Starting Chapter 4

n Response to an arbitrary excitation
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Chapter 4: 30,000 Feet Perspective

n Chapter 4 focuses on the expression of the excitation F(t)

n Scenarios looked into

n Case A:  F(T) is periodic

n Case B:  F(T) is such that a particular solution xp(t) can be found

n Case C:  F(T) is none of the above (some arbitrary excitation)
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[New Topic (Case A, see previous slide)]

Periodic Excitation
n Interested in the response of a 1 DOF system under some periodic excitation F(t)

n Picture above: Top view of motion (motion takes place in horizontal plane)
n Equivalently, can be in vertical plane, displacement x(t) measured then wrt the equilibrium 

configuration
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n Relevant Question: How is steady state response obtained?
n Specifically,  steady state response of 1 DOF system subject to an excitation F(t) 

containing multiple frequency components 

n Answer: Steady-state response is simply the sum of the particular solutions 
obtained considering *individually* each frequency component present in the 
excitation F(t)



Periodic Excitation [Examples]

5
(fundamental frequency)



Fourier Expansion (from Chapter 1)
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Periodic Excitation: EOM
n Dealing with m-c-k 1DOF systems
n EOM assumes form
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n System is linear, use the principle of superposition
n Steady state solution is the sum of the following ODEs:



Periodic Excitation: Solution
n Recall steady-state solution is simply the particular solution

n The homogeneous solution is wiped out after a while…
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n These particular solutions will look like:



Periodic Excitation: Solution  [Cntd.]

n Solution then assumes expression:
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n You can massage it further to make it look less scary
n Work on each term in the square brackets 

n Recall identity



[Text]

Example
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• In the study of vibrations of valves used in hydraulic 
control systems, the valve and its elastic stem are 
modeled as a damped spring-mass system, as shown in 
figure. In addition to the spring force and damping force, 
there is a fluid pressure on the valve that changes with 
the amount of opening or closing of the valve. Find the 
steady-state response of the valve when the pressure in 
the chamber varies as indicated below. Assume k=2.5 
[kN/m], c=10 [N-s/m], and m=0.25 [kg]. 



Example [AO1]

n Solve for the steady state solution of the 
motion.  See system in the figure.
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Example [AO2]

n Solve for the steady state solution of the 
motion.  See system in the figure.
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[New Topic: Case B (see slide from beginning of lecture)]

IVPs: Homogeneous and Particular Solutions

n We search for a solution x(t) of the form:
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n Recall the problem we are trying to solve (it’s an IVP):

n For the particular solution xp(t), we are happy with it satisfying the ODE 
(we can’t hope to nail the IVP, that would be too nice…):

n EOM (the ODE part):
n ICs:

n Things fall into place if we have the homogeneous component xh(t) be 
the solution of the following IVP:



Solving Nonhomogeneous ODEs
n Nonhomogeneous ODE, definition: an ODE whose right hand side is a nonzero 

function 
n Focus discussion on second order ODE:
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n The solution is sought in the form

n The homogeneous part of the solution (xh(t)) easy to find 
n Focus instead on the particular solution (xp(t)).  How are you supposed to come 

up with this component
n Procedure to obtain xp(t) is to assume a solution and substitute this into the entire 

differential equation
n The idea is to come up with of set of unknown coefficients that appear in the 

expression of xp(t)



Examples: Forcing Terms and 
Corresponding Particular Solutions 

n If your RHS is in the left column, try the xp(t) from the right column
n The constants C and w are given to you
n You need to find the constants b0, b1, b2 by enforcing the condition 

that xp(t) satisfies the ODE
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