
 1

MODAL TRANSIENT RESPONSE TO ARBITRARY  
BASE EXCITATION VIA CONVOLUTION     

Revision A 
 
 
By Tom Irvine 
Email:  tomirvine@aol.com 
 
January 22, 2009 
______________________________________________________________________________ 
 
 
The relative displacement substitution method is used for the case of a single-degree-freedom 
system subjected to base excitation.  This substitution does not appear suitable, however, for the 
case of a multi-degree-of-freedom system subject to input from multiple points.  Thus, the 
following approach is needed as an intermediate step.  Assume that the base input may vary 
arbitrarily with time.  Furthermore, assume that the base excitation energy is transmitted via 
spring elements only. 
 
The non-homogeneous equation is 
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Take the Laplace transform 
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The natural response Laplace transform is 
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The natural time history response is   
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The forced response Laplace transform is 
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The forced response time history via a convolution integral is 
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The integrals are changed to series for digital data. 
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The total modal displacement response time history is 
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APPENDIX A 
 
 
Modal Velocity 
 
Again, the total modal displacement response time history is 
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(A-1) 
 
 
 
The total modal velocity response time history is 
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APPENDIX B 

 
 
Modal Acceleration 
 
Again, the total velocity displacement response time history is 
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(B-1) 

 
 
The total modal acceleration response time history is 
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An alternate method is to calculate the modal acceleration via: 
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