
Course Description
One fundamental paradigm in engineering is to break a structure 
into simpler components in order to simplify test, analysis and even 
conceptualizing the system. In the numerical world this concept is the 
basis for Finite Element discretization and is also used in model reduc-
tion through substructuring. In experimental dynamics, substructuring 
approaches such as Transfer Path Analysis (TPA) are commonly used, 
although perhaps the subtleties involved are not always adequate-
ly appreciated. Recently there has been renewed interest in using 
measurements to create a dynamic model for certain components and 
then assembling that with numerical models to predict the behavior 
of an assembly. One advantage to testing a complex system in parts is 
that the model can be validated more easily and problems can be de-
tected more precisely. Substructured models are also highly versatile; 
when one component is modified it can be readily assembled with the 
unchanged parts to predict the global dynamical behavior. 

Although the idea is not new, experimental substructuring has 
become applicable to difficult engineering problems only recently.  
Much of the success recently has come about thanks to advances in 
measurement hardware and software, and to novel methods which 
overcome the problem of incomplete information and measurement 
errors that have hindered past efforts.

In this short course we will review a general framework which can be 
used to describe a multitude of methods including frequency based 
substructuring and modal substructuring and the fundamental con-
cepts underlying substructuring will be outlined.  Particular attention 
will be given to issues related to experimental testing. Substructure 
decoupling methods and the transmission simulator technique will 
also be discussed, and cutting edge developments such as nonlinear 
substructuring will be highlighted.  This one-day course is intended 
both for practicing engineers and academics. It is aimed at explaining 
the main concepts as well as specific techniques needed to success-
fully apply experimental substructuring. Therefore some hands-on 
exercises will be included, concepts will be illustrated using routines 
written in Matlab® and real-life applications will be presented.

Course Fee
The regular course fee is $500 and the student fee is $250. Course fee 
includes lunches, course handout material, and refreshment breaks. 
Lodging and additional food or materials are not included.

Cancellation Liability
If the course is cancelled for any reason, the Society for Experimental 
Mechanics’ liability is limited to the return of the course fees.

Course: Experimental Dynamic Substructuring
Saturday, February 8, 2020 | 9:00 a.m. - 5:00 p.m.

Instructors
Randy Mayes – Sandia National Laboratories
Randy Mayes has worked in the area of structural dynamics at 
Sandia National Laboratories for 29 years.  In the last several 
years he has collaborated with others in the SEM substruc-
tures focus group to advance the state of the art in deriving 
experimental substructures to combine with analytical 
substructures.  He obtained is M.S and B.S. in Mechanical Engi-
neering from Texas Tech University.

Matt Allen – University of Wisconsin-Madison
Dr. Matt Allen is a Professor in the Engineering Mechanics pro-
gram in the department of Engineering Physics at the Univer-
sity of Wisconsin-Madison, where he has worked since 2007.  
He was previously employed as a post-doctoral researcher at 
Sandia National Laboratories and received Doctoral and M. S. 
degrees from the Georgia Institute of Technology in 2005 and 
2004 and a B.S. from Brigham Young University in 2001, all in 
Mechanical Engineering.

Paolo Tiso – ETH Zurich
Paolo Tiso is a Senior Scientist in the Institute for Mechanical 
Systems (George Haller’s nonlinear dynamics group) at ETH 
Zürich. His research focuses on model order reduction of 
nonlinear systems. He is currently focusing on geometrically 
nonlinear structural dynamics, flexible multibody systems, 
and aeroelastic systems.

Course Outline
9:00 - Mod01: Introduction/Motivation - Matt
9:30 - Mod02: General Theory - Paolo
10:30 (15 min) Break
10:45 - Mod03: Simple Exercises (Matlab/Octave) - Matt
10:45 - Mod04: General Theory II - Paolo
12:30-1:30 PM - Lunch Break
1:30 - Mod05: Measurement Considerations - Randy
2:15 - Mod06: Transmission Simulator - Matt
3:15 (15 min) Break
3:30 - Mod07a: Est. Fixed-Interface Modes - Matt
4:00 - Mod07b: Payload and Component Simulations using 
Craig Bampton Form Modal Models - Randy
4:30 - Mod08: Geometrically Nonlinear Systems - Paolo
5:00 - Mod09: Closing Remarks
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