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Question:  When measuring Frequency
Response Functions (FRFs) for the pur-
pose of Modal Analysis, does it matter if
a fixed response transducer (impact test-
ing) or a fixed excitation (shaker testing)
is aligned with any particular axis or ar-
bitrarily positioned?

Answer: No! The only exception would
be if, for a particular mode, the mode
shape component for that mode had an
amplitude of zero (0.0) at the point and
direction where the reference transducer
(impact testing) or fixed excitation
(shaker testing) was attached.

To further understand this we need to
refer to the following definition of a Fre-
quency Response Function (FRF). An
FRF measurement of a linear, second or-
der, time invariant system can be repre-
sented by its corresponding modal pa-
rameters using the following equation:

where:
hab(jω) = Frequency Response Function

between response point and di-
rection (a) and excitation point
and direction (b)

ω = frequency
n = number of modes in frequency

range of measurement
= Residue for mode k between re-

sponse point and direction (a)
and excitation point and direc-
tion (b)

pk = Pole location (damping decay
rate and damped natural fre-
quency) for mode k

The modal parameters are the complex
constants  and pk . The Residue can
also be represented as the product of the
mode shape components:

where:
= Mode Shape component for mode

k at response point and direction
(a)

= Mode Shape component for mode
k at excitation point and direction
(b)

The point and direction (a and b) are
generally referred to as degrees-of-free-
dom (DOF). Typically these DOFs are de-
fined with respect to a particular coordi-
nate axis. For example, the DOF of  a =
5z corresponds to motion at point 5 in the
z-direction.

Now let’s look at an example using
three FRF measurements that were made
on a structure using the classical impact
testing technique with a fixed response

reference transducer. The reference
transducer in this case is mounted to the
structure at a point in some arbitrary di-
rection that is not aligned with any glo-
bal or local coordinate system with re-
spect to the structure. The measured
FRFs were:

where:
m = the DOF where the refer-

ence response transducer
was attached

10z,11z,12z = the DOFs of the roving
hammer excitation

Using the above definition for a FRF
measurement the corresponding Resi-
dues for the above measurements for the
kth mode are:

These Residues can be further ex-
pressed in terms of the mode shape com-
ponents at the different DOFs for the
three (3) FRF measurements.

Here we see that the Residues are made
up of the various mode shape compo-
nents u10z,u11z,u12z, etc. multiplied by
the component of the mode shape corre-
sponding to the m-DOF.

Many of the modal analysis systems on
the market today use the estimated Resi-
dues, determined from curve fitting the
FRFs, directly to display the animated
mode shapes of a structure. This is an
acceptable way of displaying a mode
shape, because the Residues are really
the mode shape of interest, multiplied by
some scalar constant. (Note that this is
only true if the same reference response
location is used to measure all of the FRF
measurements.)

In the case of an impact test, the scalar
constant is the mode shape component of
a particular mode at the point and direc-
tion of the reference response transducer,
whether or not the reference response
transducer is aligned to some coordinate
axis. Thus, in the above example this sca-
lar constant would be um. So, you can see
that if you were very unlucky and se-
lected a point and direction to place your
reference response transducer exactly at
a node for a mode (a node is where the
mode shape component is 0 for a particu-
lar direction), the mode would not appear
in any of the FRF measurements. This is
because um = 0 for that mode and hence
the corresponding Residues would be

zero and the mode would then be absent
from all measured FRFs.

This same reasoning can be applied to
shaker testing. When measuring FRFs
using a shaker to excite a structure we
many times attach the shaker to be
aligned with a global coordinate system.
However, this is not a requirement of the
testing technique. One can use the same
reasoning as in the above example to
show that as long as the point and direc-
tion of the excitation force do not change
during the modal test and are not at a
mode’s node, the shaker can be mounted
to the structure in any arbitrary direction.

Next Month’s Question: What is an Leq
measurement when using an Integrating
Sound Level Meter to measure sound
level?

Send your questions or comments to:
Dave Formenti
Sage Technologies
16675 Buckskin Court
Morgan Hill, CA 95037
Phone: (408) 776-1106
Fax: (408) 776-1107
Email: dformenti@thesagesite.com

Excitation Direction in Modal Testing – Is It Important?

Dave Formenti , Sage Technologies, Morgan Hill, California
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