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MODAL SPACE Back to Basics by Pete Avitabile

This is an item that often causes confusion for many
people. There is some preconceived notion that there
must be an accelerometer mounted in each of the
three principal directions in order to acquire data for

a modal test. Well, it turns out that this is not necessary,
but in some tests, it may be strongly advised or even re-
quired. But many times people think that you can’t get three
dimensional mode shapes unless you have accelerometers in
all three directions.

The basic equation we use for estimating parameters can be
written in one form as

j [A ] [A*]k k[H(s)] � lower residuals � �� (s � s ) (s � s*)k�i k k

� upper residuals

The terms in the matrix, [A], are the residues which are
obtained from the curvefitting process; we also get the poles,
or frequency and damping, from the denominator of the
equation. But these residues are directly related to the mode
shapes from

T[A(s)] � q {u }{u }k k k k

This relationship between the residues and the mode shapes
holds the answer to the question posed. Let’s expand that
equation to look at some of the terms that are found in each
term of the matrix.
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The series, Modal Space–Back to Basics, features a variety of topics relating
to modal analysis and its use for both analytical and experimental work. Some of
the material presented here is excerpted from the multimedia format Modal Hand-
book on CD. Reader’s questions regarding some common problems or misconcep-
tions relating to modal analysis are welcome. These questions should be forwarded
to Experimental Techniques, Pat Deuschle, journals@sem1.com.

Dr. P. Avitabile (SEM Member) is Director of the Modal Analysis and Controls
Laboratory and Assistant Professor in the Mechanical Engineering Department at
the University of Massachusetts, Lowell, MA.

And if we were to look at each of the columns we would see
the mode shape is contained in the column with some scalar
multipliers; we would also see that due to reciprocity, the
rows also contain the mode shapes. If we were to look at one
column, such as the first column, then we would see

a u11k 1k

a u21k 2k� q uk 1ka u31k 3k� � � �
� �

So the value of the mode shape that is factored out of the
equation is called the ‘‘reference’’ DOF. In other words, all of
the measurements are affected by the value of this reference
DOF. If this DOF is zero (at the node of the mode) then no
matter how many measurements are made, that particular
mode will not be observed from the measured data.

It is this basic equation that really contains the answer to
the question raised. As long as the reference DOF has a non-
zero value for each of the modes of interest, then the fre-
quency response function will have a residue associated with
that input-output relationship. As long as the mode shape
in the X, Y and Z direction has a value associated relative
to the reference DOF, then the mode shape(s) can be ob-
served from measurements made relative to that reference
DOF. It’s that simple!

Now let’s use a simple structure to illustrate this point. A
simple L-shaped bracket will be used for discussion purposes
and illustration of the reference DOF and its relationship to
all of the measured DOFs for the experimental modal survey.
For the discussion, the reference point where the acceler-
ometer is to be mounted will be shown in black in the fol-
lowing figures and the various impact locations will be
shown in blue, red and green for distinction between the
different points.

For this first mode of this bracket, the reference accelerom-
eter could possibly be located at the upper corner of the
structure in the x-direction. Notice that if the structure is
impacted at the upper corners of the bracket in the x-
direction (red or green) or on the lower corner in the z-
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MODAL SPACE Back to Basics

direction (blue), the structure has significant response at all
these locations. This implies that if the structure is impacted
in the x-direction (red or green) in the upper corner, there is
response in the x-direction at the reference point. And if the
structure is impacted on the lower corner (blue) in the z-
direction, there is response at the reference point in the x-
direction. So this mode can easily be seen from the selected
reference location.
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For the second mode of the structure, the reference acceler-
ometer could possibly be located at the lower corner on the
structure in the z-direction. If the structure is impacted in
the z-direction at the same point (blue), the structure has
significant response at this point for this mode. But also no-
tice that if the structure is impacted at the upper corners
(red and green) in the x-direction, there is response at the
reference accelerometer location in the z-direction. So this
reference is good for this mode.

x y

z

REFERENCE

IMPACT

IMPACT

IMPACT

And if the third mode is considered with the reference ac-
celerometer located at the lower corner in the z-direction, all
three impact locations on the structure have significant re-
sponse at this point for this mode.
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Now the real question is if there is ONE reference location
that can be selected that will adequately capture the dy-
namic characteristics of the structure for all the modes of
interest. For this case, it seems reasonable that the lower
corner of the structure in the z-direction is sufficient to ob-
serve all of the modes for this case.
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Now we can see that the single reference point is sufficient
to adequately observe all the modes of interest—and only
one direction is necessary to accomplish this. Of course, if
more references are used this is totally acceptable and is
definitely a better way to test the structure—but these extra
references are not necessarily needed in order to extract
modes shapes that are three dimensional in nature.

I hope that this helps to clear up the misconception regard-
ing the need to measure in three separate reference direc-
tions for a modal test. Think about it and if you have any
more questions about modal analysis, just ask me. �


