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How to determine the modal parameters of
simple structures
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| sunple structures can be simply
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Type 2032 or 2034. This appli-
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the aid of the frequency
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The frequency response function of a structure can be separated into a set of
individual modes. By using a Dual-Channel Signal Analyzer Type 2032 or
2034, each mode can be identified in terms of frequency, damping and mode

shape.

Introduction

In practice, nearly all wvibration
problems are related to structural
weaknesses associated with the reso-
nant behaviour excited by operational
forces. However, the compiete dynam-
1c behaviour can be viewed as a set of
individual modes of vibration, each
having a characteristic resonance fre-
quency, damping, and mode shape. By
using these modal parameters to mod-
el the structure, problems at specific
resonances can be examined and then
solved.

The first stage 1n modelling the dy-
namic behaviour of a structure is to
determine the modal parameters as
follows:

® The resonance, or modal, frequen-
cy.
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® 'The damping at resonance — the
modal damping.
® The mode shape.

The modal parameters can be deter-
mined from a set of frequency re-
sponse measurements between a refer-
ence point and a number of measure-
ment points on the structure.
modal frequencies and dampings can
be found from all frequency response
measurements on the structure (ex-
cept those for which the excitation or
response measurement is in a nodal
position, that i1s, where the displace-
ment 1s zero). However, to accurately
modal the mode shape, frequency re-
sponse measurements must be made
over a number of points completely
covering the structure.

The

In practice, these types of frequency
response measurements are made easy

- by using a Dual-Channel Signal Ana-

lyzer such as the Type 2032 or Type
2034. The excitation force (from either
an impact hammer or a vibration ex-
citer provided with a pseudo-random
noise signal) is measured by a force
transducer, and the resulting signal 1s
supplied to the Channel A input. The
response is measured by an accelerom-
eter, and the resulting signal 1s sup-
plied to the Channel B input. Conse-
quently, the frequency response repre-
sents the structure’s accelerance since
it is the complex ratio of the accelera-
tion to force, in the frequency domain.
For impact hammer excitation, the re-
sponse position 1s fixed and 1s used as
the reference position, and the ham-
mer is moved around and used to ex-



cite the structure at every point corre- | | A 45
sponding to a point in the model. For Line-Urive
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vibration exciter excitation, the exci-

tation point is fixed and is used as the
reference position, while the response
accelerometer is moved around the
structure. A typical Instrumentation

set-up 1s llustrated in Figure 1.

Accelerometer —

Dual-Channel Signal
Analyzer 2032 or 2034
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Simple structures

Structures  which exhibit lightly
coupled modes are usually referred to
as sumple structures. The modes are

not closely spaced, and are not heavily Prei’;}‘j’g"“er Ch. A [Ch.B | Generator
damped (see Figure 2). At resonance, Force ;;%B‘c’d“cer vos
a simple structure behaves predomi- - o >
nantly as a single-degree-of-freedom <
system, and the modal parameters can -
be determined relatively easily with a @
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Determination of the & | ‘ _ e
. g 1. An instrumentation set-up, using broadband pseudo-random force excitation provid-
mOdal frequen(:les ed by a vibration exciter.
The resonance frequency is the easi-
est modal parameter to determine. A
resonance 1s identified as a peak in the
magnitude of the frequency response
function, and the frequency f. at HOTA A

which it occurs is found using the ana-
lyzer’s cursor as shown in Figure 3.

The frequency resolution of the
analysis determines the accuracy of

the frequency measurement. Greater E#_ | \_h__ \--....
accuracy can be attained by reducing — :T ?"" —= F—ﬂ-——b
the frequency range of the baseband | 2 3 f
measurement, for resonances at low 5 ) 880209
frequencies, or making a zoom mea- Fig. 2. The frequency response of simple structures can be split up into individual modes.
surement, as shown in Figure 4. each mode behaving as a single-degree-of-freedom system.
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Fig. 3. Magnitude of the frequency response function for the test Fig. 4. Zoom measurement for achieving greater frequency resolution
structure. in the determination of the resonance frequency for the sec-
ond mode.
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tig. 6. The frequency weighting function of the Type 2032 and 2034
atlows a single mode to be isolated from the frequency re-
sponse function.

Fig. 5. Determination of the damping for the second mode by inden-
tiftcation of the half-power points.
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nitude of the frequency response func- O S SN
tion (see Figure 5). For a particular F et e — E— ———— xR
mode, the damping ratio ¢ can be AR

found from the following equation: e, e e
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cursor greatly simplifies the determi-

nation of the bandwidth Af. 6 Gi & "

The accuracy of this method is de-
pendent on the frequency resolution
used for the measurement because
this determines how accurately the
peak magnitude can be measured. For
lightly damped structures, high reso-
lution analysis 1s required to measure
the peak accurately, consequently, a
zoom measurement at each resonance

Fig. 7. The impulse response function of the isolated mode can be represented by its magni-
tude and displayed on a logarthmic scale to enable easy calculation of the decay rate.

frequency is normally required to
achieve sufficient accuracy. This
means that a new measurement must
be made for each resonance.

However, the Dual-Channel Signal
Analyzers Type 2032 and 2034 can be
used to determine the damping ratio
by an alternative method which re-
quires no new measurements, By using
a frequency weighting function (win-
dow) to 1solate a single mode from the
frequency response function (see Fig-
ure 6), the impulse response function
for that mode alone 1s easily produced.

The magnitude (envelope) of the im-
pulse response function can then be
displayed by virtue of the Hilbert
transtorm facility incorporated in the
analyzers.

Since a simple structure behaves as
a single-degree-of-freedom system at
each resonance, the impulse response
function of the windowed resonance
will show characteristic exponential
decay 7. By displaying the magnitude
on a logarithmic scale the impulse re-
sponse 18 represented by a straight
line (see Figure 7).

The decay rate o for the isolated

mode is related to the time constant 7
by:

The decay corresponding to time con-
stant 7 is given by the factor e !, or in

dB: -201og(e) = -8,7dB.

The damping ratio is related to the
decay rate by:

o= —2L = !
" 27ty Tr - 27 fr



By moving the frequency window
through the frequency response func-
tion, and looking at each impulse re-
sponse function in turn, the modal
damping at each resonance can be de-
termined from a single baseband mea-
surement.

The decay rate, calculated from a
frequency response function found by
using hammer excitation, will be mod-
ified by the effective damping of the
exponential weighting function ap-
plied to the response channel. This
welghting function was added to cur-
tail the structural ringing excited by
the hammer impact. However, this er-
ror can be compensated for, easily, by
using the following correction:

I I

7y 700
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where 7, i1s the time constant of the
exponential weighting function (see
Figure 5 — measurement set-up). No-
tice that correction is unnecessary for
a vibration exciter providing pseudo-
random excitation.

Determination of the

mode shape

The simplest way of determining
the mode shape for a structure is to
use a technique called quadrature
picking. Quadrature picking is based
on the assumption that the coupling
between the modes 1s light. In prac-
tice, mechanical structures are often
very lightly damped (<<1%). This 1m-
plies that the modes are lightly cou-
pled. At any frequency, the magnitude
of the frequency response function 1s
the sum of the contributions (at the
particular frequency) from all modes.
When there is little modal coupling
between the modes, the structural re-
sponse at a modal frequency 1s com-
pletely controlled by that mode, and
so quadrature picking can be used to
unravel the mode shapes.

For single degree-of-freedom sys-
tems, the frequency response function
(accelerance) at resonances 1s purely
imaginary. As a result, the value of the
imaginary part of the frequency re-
sponse function, at resonance {for
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Fig. 8. The first three modes of vibration for the test structure. The modal displacements are
found from the imaginary part of the frequency response function.

structures with lightly coupled modes,
is proportional to the modal displace-
ment. Consequently, by examining the
magnitude of the 1maginary part of
the frequency response function at a
number of points on the structure, the
relative modal displacement at each
point can be found. From these dis-
placements, the mode shapes can be
established. The procedure can then
be repeated to determine all the re-
quired mode shapes. By making an ex-
citation and response measurement at
the same point and in the same direc-
tion, the mode shape can be scaled in
absolute units.

Conclusions

The Dual-Channel Signal Analyzers
Type 2032 and 2034 are ideal instru-
ments for enabling the engineer to de-
termine the modal parameters of sim-
ple structures. The modal frequencies
are determined from the frequency re-
sponse function. The modal dampings

are found from the decay rate, mea-
sured from the magnitude of the 1m-
pulse response function, which 1s pro-
duced by isolating a single mode from
the frequency response function by
using a frequency welghting function.
To obtain the mode shape, a tech-
nique called quadrature picking 1s
used to evaluate the modal displace-
ments at each point of interest. The
modal displacements are found from
the imaginary part of the frequency
response function.,

By adding a computer plus the nec-
essary software to the system, the dy-
namic response due to excitation
forces can be simulated. Furthermore,
if the vibration characteristics of pro-
totypes tested using the system are
unsatisfactory, then the influences of
actual mass, stiffness and damping
modifications can also be simulated.
In this way, a Dual-Channel Signal
Analyzer Type 2032- or 2034-based
system can be expanded into a fully
documented modal analysis system.
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