/A DEWESoft

www.dewesoft.com - Copyright © 2000 - 2025 Dewesoft d.o.o0., all rights reserved.

Modal Test and Modal Analysis




What is Frequency Response Function - FRF

Frequency response function H(f) in the frequency domain and impulse response function h(t) in the time domain are used to
describe input-output (force-response) relationships of any system, where signal a(t) and b(t) represent input and output of the
physical system. The system is assumed to be linear and time-invariant. Frequency response function and impulse response
function are so-called system descriptors. They are independent of the signals involved.

excitation a response b(t)

testpiece

nnr IH(]

frequency
A(f) - B(f)

Convolution: Multiplication:

b(t) = [ h(M) - a(t-Md = hit) - a(t) B(f) = H(f) - A(f)

A DEWESoft®

measurement innovation

Image 1: Explanation of frequency response function

In the table below you can see typical frequency response function formulations:

Dynamic stiffness Force / Displacement
Receptance Displacement / Force



Impedance Force / Velocity

Mobility Velocity / Force
Dynamic inertia Force / Acceleration
Accelerance  Acceleration / Force

The estimation of the frequency response function depends upon the transformation of data from time to the frequency domain.
For this computation, we use the Fast Fourier transform (FFT) algorithm which is based on a limited time history. The frequency
response functions satisfy the following single and multiple input relationships:

Single Input Relationship

Xp is a spectrum of the output, Fp is a spectrum of the input, and Hpq is frequency response function.

Multiple Input Relationship
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In the image below we can see an example of two inputs - two outputs case.


https://en.wikipedia.org/wiki/Fast_Fourier_transform
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Image 2: An example of two inputs - two outputs



Modal Test and Modal Analysis in Dewesoftx Software

Modal test and analysis are used to determine structural modal parameters, such as modal frequencies, damping ratios, and
mode shapes. The measured excitation and response (or only response) data are utilized in modal analysis, and then dynamic
signal analysis and modal parameter identification are processed. Modal test and analysis techniques have been developed for
more than three decades, and a lot of progress has been made. It has been widely applied to the engineering field, such as the
dynamic design, manufacture and maintenance, vibration and noise reduction, vibration control, condition monitoring, fault
detection, model updating, and model validation.

Modal test and analysis is needed in every modern construction. The measurement of system parameters, called modal
parameters, are essential to predict the behavior of a structure.

These modal parameters are also needed for mathematical models. Parameters like resonance frequency, structural damping,
and mode shapes are experimentally measured and calculated.

The Dewesoft Modal Test module is what you use when performing structural dynamic test measurements of objects. The
Modal Test provides calculated FRF functions (amplitude and phase) over a certain frequency range.

The Dewesoft Modal Analysis module is used after the modal test data acquisition in order to estimate high quality modal
models.

The Modal Analysis module uses the results from Modal Test, e.g. FRFs, to estimate modal parameters (resonance frequencies,
damping ratios and mode shapes)

The Dewesoft Modal Test module also provides tools to determine modal parameters as well, but these tools only apply for
simple structures, having lightly damped and well separated modes.

Dewesoft Modal Analysis is required to obtain valid modal parameters for complex structures, having multiple resonance
frequencies being closely spaced or with heavy damping.

The Dewesoft Modal test module is included in the Dewesoft X DSA package (along with other modules e.g. Order tracking,
Torsional vibration, etc.).
The Dewesoft Modal Analysis module comes as a separate license and is not included in the DSA package.

With the small, handy form factor of Dewesoft data acquisition instruments (DEWE-43, SIRIUSI), it is also a smart portable
solution for technical consultants coping with failure detection.

Let's assume there is a mechanical structure to be analyzed. Where are the resonances? Which frequencies can be problematic
and should be avoided? How to measure that and what about the quality of the measurement? Probably the easiest way is
exciting the structure using a modal hammer (force input) and acceleration sensors for the measurement of the response
(acceleration output). At first, the structure is graphically defined in the geometry editor.

Then the points for excitation and response are selected and linked to the defined geometry. The test person knocks on the test
points while the software collects the data. Next to extracting phase and amplitude, it is possible to animate the structure for the
frequencies of interest. The coherence acts as a measure for the quality. The modal circle display widget provides higher
frequency precision and damping factors for modes on simple structures. For additional analysis and for handling complex
structures you continue using the modal analysis module.

If desired the data can be exported to several file formats like the widely used UNV format.


https://en.wikipedia.org/wiki/Modal_testing
https://en.wikipedia.org/wiki/Modal_analysis
https://dewesoft.com/applications/structural-dynamics/modal-analysis?_ga=2.212817108.1572793533.1641553162-1711060752.1634306504
https://dewesoft.com/products/daq-software/dewesoft-x
https://dewesoft.com/applications/vibration-analysis/order-analysis
https://dewesoft.com/applications/vibration-analysis/rotational-and-torsional-vibration
https://dewesoft.com/products/daq-systems/dewe-43
https://dewesoft.com/products/daq-systems/sirius

A used example of modal test and modal analysis are shown below:
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LTI - Linear, Time-invariant Systems

At first, we have to assume that the methods described here apply to LTI (linear, time-invariant) systems or systems that come
close to that. LTI systems, from applied mathematics which appear in a lot of technical areas, have the following characteristics:

o Linearity: the relationship between input and output is a linear map (scaled and summed functions at the input will also

exist at the output but with different scaling factors)
¢ Time-invariant: whether an input is applied to the system now or any time later, it will be identical

Furthermore, the fundamental result in the LTI system theory is that any LTI system can be characterized entirely by a single
function called the system's impulse response. The output of the system is a convolution of the input to the system with the

system's impulse response.

— y(t)

output signal

X (t

input signal
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Image 4: Linear and time-invariant system



What is Transfer Function

Transfer functions are widely used in the analysis of systems and the main types are:

¢ mechanical - excite the structure with a modal hammer or modal shaker and measure the input force excitation together
with the output responses from e.g. accelerometer sensors.
o electrical - apply a voltage to the circuit on the input, measure the voltage on the output

For example, in mechanical structures, the transfer characteristics will be able to show dangerous resonances. The frequency
range, where the stress of the material is too high, has to be avoided, e.g. by specifying a limited operating range. A simplified
process works like this: an input signal x(t) is applied to the system and measured together with the output signal y(t). The
division of response to excitation in the frequency domain basically gives the transfer function:

H(f) =+

In time-domain, this is described in the following way:

» y(t) = h(t) - x(t)
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Image 5: Transfer function in the time domain

Laplace transformation leads to the result in the frequency domain:

X(f)

» Y(f) = H(f) - X(f)
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Image &: Transfer function in the frequency domain


https://en.wikipedia.org/wiki/Transfer_function

On the picture below we can see a diagram of Laplace transform, which is often interpreted as a transformation from the time-
domain (inputs and outputs are functions of time) to the frequency-domain (inputs and outputs are functions of complex angular
frequency), in radians per unit time. Given a simple mathematical or functional description of an input or output to a system, the
Laplace transform provides an alternative functional description that often simplifies the process of analyzing the behavior of
the system, or in synthesizing a new system based on a set of specifications.
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Image 7: Laplace transform from the time domain to the frequency domain

How to obtain the transfer function

1. Mechanical structure

2.
¢ Excite the structure with modal hammer or shaker (measure force)
¢ Measure the response with accelerometers (acceleration)

3. Electrical circuit

4.
e Apply a voltage to the circuit on the input and measure it.
¢ Measure the voltage on the output of the circuit

Calculate the transfer function between the measured input and output of the system



Calculate the coherence function. A coherence value of 1 indicates that the measured response is caused totally by the
measured input. If the coherence is less than one at any frequency it indicates that the measured response is not only caused be
the measured input, but also be additional factors like noise sources.
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Enabling and Adding Modal Test in Dewesoft X

In order to get started with modal test and analysis, you add the Modal test and (optionally) the Modal analysis modules like

indicated in the picture below:

ore... Remove

Modal analysis

fuctural ® ! ) New setup defaults

“Ny, Modal test ¥

l Sine processing
-Iﬂ'\-\.

[~ sas

{3 Time ODS

Adding Modal test and Modal Analysis modules in Dewesoft.

This training material will start with focusing on the Modal Test part, and then we will get back to the Modal Analysis part later

on.

When you add the Modal test module the following setup screen appears:

MT | + Used ~ | Setup - Rename

| Excitation | Response | Transfer functions | Geometry editor
Test method Pretrigger Trigger level |:| Second hit level Window Window length
Impact Hammer w |1 ~ | B |1 |- 1 = Force ~ _ i3
[ roving hammer jresponse 20 samples

Resolution @ Autofil... Search Q [ show message if excitation exceeds -
Spectral lines v | [1024 Mode ID | Direction Sign Input Physical quantity Units

lines: 1024, df: 2,44 Hz, duration: 0,41 s

Averaging type
Linear w

[ stop after
4 avg.

Output Used
H1 transfer functions Used R
H2 transfer functions * Unused Input
Ordinary coherence Used locosica
Multiple coherence * Unused
Power spectral density Unused

Ordinary mode indicator function  Unused

Intermediate Fourier transforms Unused

T E— ' — v = v v P ]

Modal test setup user interface.
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Test methods

Depending on the application, Dewesoft offers three different Test methods:

¢ Impact Hammer - the structure is excited by impacts from e.g. a modal hammer.

e Shaker - the structure is excited by one or multiple modal shakers. The shaker signals can be provided be either Dewesoft
AO channels or by other external sources.

e ODS - operational deflection shapes, do not use external excitations, but instead the excitations coming from the structure
in operation. Hereby, only output response channels are measured. ODS is used for animations of structural deflection
shapes, but does not provide a modal model like obtained when using the Impact Hammer or Shaker test methods.

12
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Impact Hammer Test, Triggered FRF

A modal test method that is relatively easy to configure is when using a modal hammer. The hammer is used for exciting the
structure with a short impulse (giving a broadband frequency excitation) and one or multiple acceleration sensors are measuring
the response. The hammer has a force sensor integrated and an interchangeable hammer tip that can have different stiffness.
Depending of the tip used the frequency bandwidth will be between about 0.5 kHz to 3 kHz. For bigger structures, there are big
hammers available with more mass to generate a distinct amplitude.

Exciting the structure with a modal hammer and

measuring the response with an accelerometer

10-32 COAXI
CONNECTOR

FORCE SENSOR

RUBBERIZED

INTERCHANGEABLE GRIP
IMPACT TIPS

Sketch of a modal hammer

A harder tip generates a wider excitation spectrum and therefore we will get a better result (higher coherence) at higher
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frequencies. On the other hand, with a hard tip double-hits appear more frequently.

The two pictures below show the comparison. The scopes on the top show time-domain, FFTs below show frequency domain

(same scaling).
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Hard tip (low damping)
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Image 13: Soft tip of a modal hammer

Soft tip (high damping)

When you have set the calculation type to Impact hammer, the setup looks like the one shown below.

2495117

On the Excitation tab, specify the Node IDs where the hammer will hit and on the Response tab the response(s) being
acceleration sensor(s) for all Node IDs where they will be located. In the pictures below, we have named the two analog channels

Modal Hammer and Acc 1.

X

Used ~ | | Setup w Rename
| Excitation | Response | Transfer functions | Geometry editor
Test method Pretrigger Trigger level |:| Second hit level Window Window length
Impact Hammer ~ |2 ~ | % |4U| |N 1 M Force - 100 %
Roving hammer response 41 samples
Resolution @ Autofil... |Ee:‘-':-' qQ [ show message if excitation exceeds lZI N
Spectral lines | |1024 MNode ID | Direction Sign Input Physical quantity Units Group
lines: 1024, df: 5,38 Hz, duration: 0,186 s
1 z + Modal Hammer Force M 17+
Averaging type
. 2 Z + Modal Hammer Force M 27+
Linear ~
[ stop after 3 z + Modal Hammer Force M 37+
4 avg.
Qutput Used
H1 transfer functions Used Window
H2 transfer functions = Unused Input
Ordinary coherence Used Trigger level
Multiple coherence * Unused
Power spectral density Unused
Ordinary mode indicator function  Unused
Intermediate Fourier transforms Unused

Defining the excitation signals.
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Used w || Setup Rename N
| Excitation | Response | Transfer functions | Geometry editor |

Test method @ Autofill . Q

Impact Hammer ~

Foir ter e i as Mode ID | Direction Sign Input Physical quantity Units Group

1 z + Acc 1 Acceleration mfs2 1Z+

Resolution

Spectral lines w1024

lines: 1024, df: 5,38 Hz, duration: 0,186 s
Averaging type

Linear W5

[ 5top after

4 ava.

Output Used

H1 transfer functions Used Window

H2 transfer functions = Unused Input

Ordinary coherence Used

Multiple coherence = Unused

Power spectral density Unused

Ordinary mede indicator function Unused

Intermediate Fourier transforms Unused

Defining the response signals.

FRF Channel Setup inside Dewesoft Data Acquisition Software

[Video available in the online version]

15



Trigger parameters

Let's do a short measurement to explain all the parameters. The structure is hit once and the signals are measured.

o

3000

Excitation) |

exc; - [4]
1 4.50

2-100

resp; - [g]

Image 16: Excitation and response signal in the time domain

The hammer signal (upper, blue line) shows a clean shock impact and high damping while the response (lower, red line) starts
ringing and smoothly fades out.

Trigger level

The Modal test module needs a start criteria in triggered mode like when using the Impact Hammer method. Therefore we
specify a trigger level of e.g. 100 N. Each time the input signal overshoots the trigger level, the FRF calculation (FFT window) will
start.

| Excitation | Response | Transfer functions | Geometry editor
Pretrigger Trigger level []second hit level Window Window length
[1 v|o% |10 N1 N Force v 100

Trigger parameters used for e.g. Impact hammer test and burst shaker test.

Double hit detection

However, when the input signal shows multiple impulses after one hit (so-called double hits), Dewesoft X can identify this if you
specify a double hit level. When the signal crosses the double-hit-level shortly after the trigger event, you will get a warning
message and can repeat this measurement.
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Excitaticn | Response | Transfer functions | Geometry editor

Pretrigger Trigger level [~] Second hit level Windaw Window length
1 v|= |00 ' JED In Force v [0 %
Double hit detection settings.

Overload level

You can also enable a warning which will be displayed when the hammer impact has exceeded a certain overload level - when

the hit was too strong.

Excitation | Response | Transfer functions | Geometry editor

Trigger Double hit detection Time windows
Pretrigger Trigger level ] 5econd hit level Window Window length
11 v|= {100 [N |20 [n Force v 0 %

Overload level settings.

The following picture summarizes the different trigger level options.

MNode ID | Direction Sign Input Physical quantity Units Group
1 z + Modal Hammer Force N 17+
2 z + Modal Hammer Force N 2Z+
3 z + Modal Hammer Force N 32+
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Recorder

Overload level

7,00
-

Trigger level

Force (N)

Double hit level

-0,37

13.949 14,005

Trigger level options

Now that we have defined the trigger condition, we should ensure that the FRF calculation covers our whole signal to get a good
result.

Window length

Let's assume the sample rate of our example is 10 000 Hz and we have set 8192 lines in the FRF setup.

According to Nyquist, we can only measure up to half of the sample rate (5000 Hz) or the other way round, we need at least 2
samples per frequency line. So, our spectral line resolution is:

_ Sample Rate/2  5000H z

Af = —
f Number of lines 8192

= 0.61H=

The whole FFT window calculation time (block length T) is:

1 1

T = =
Af  061Hz

= 1.64s
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Test method

Impact Hammer v

[Jroving hammer fresponse

Resolution

Spectral lines | (8192

lines: 8192, df: 0,61 Hz, duration: 1,64s

Averaging type
Linear w

[]5top after
avg.

Spectral line resolution

Below you see the cutout data section of the excitation and response signal, which covers pretty much the whole signal.

Note, that the x-axis is not starting at 0 but is scaled in samples from -819 to 15565 due to Pre-trigger settings. In total it gives
16384 samples for each FFT time block,

16384
T0000H - — 0%

--------------------------------------------------------------------------------------------------------------------------------------------

____________________________________________________________________________________________________________________________________________

exciData History; [-]
-80,2563,1 1205 4 1549 2493

sample

......................................................................................................................................

respiData History; [-]
-4 4ELBE-2 7 6E-3 3,3E-2 0,1

sample

319 3277 7373 11489 15585

Window length for excitation and response channels

Pre-trigger

The Pre-trigger time defines how much time prior to the exceeded trigger level that should be included in the FFT blocks. From
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the screenshot above you can see that 5% of 16 384 samples is 819 samples, which equals t pre = 819 * (1/10 000 Hz) = 81,9
ms. At sample 0 the trigger occurs.

Ewcitation | Response | Transfer functions | Geometry editor

Pretrigger Trigger level [~]5econd hit level Window Window length
n || | |00 n o In Force v [0 EA
0,05
0,1
0,2
U |Sean:h Q, [+] Show message if excitation exceeds N
2
Sign Input Physical quantity Units Group |

1 z + Modal Hammer Force N 17+

2 z + Modal Hammer Farce N Z+

3 z + Modal Hammer Force N 32+

Pre-trigger settings.
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Modal Test Data Acquisition System Overview

In most of the cases acceleration sensors, microphones, modal hammers or other force transducers are used for analog input. If
they are e.g. voltage or ICP/IEPE type, they are connected directly to the ACC amplifier of the SIRIUS data acquisition system, or

DEWE-43/MINITAUR DAQ systems with Dewesoft smart sensor interface DS| adapter (DSI-ACC).

When analog output is needed (for shaker control), the SIRIUS analog out option (8 channels with BNC connector on the rear side

of the SIRIUS DAQ system) provides a full-grown arbitrary function generator.

front view
rear view

FGEN
Analog out

I
i 3

triggered free-run
Response: Excitation:
* acceleration sensor * Arbitrary FGEN (AO8 option)
* |CP microphone * Modal hammer

* Force transducer (shaker signal)

Modal Test DAQ system overview
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Auto-generated Visual Displays

For an easier start, Dewesoft offers auto-generated displays, which already come with the most often used instruments and an
arrangement that makes sense for them according to the type of application.

Dewesoft automatically makes 5 auto-generated displays, one for pre-test, 3 for measurements (one for each Test method) and
one for analysis.

You should select the visual measurement display that relate to the Test method selected under the MT setup.

‘II .

Pretest

Impact hammer

Shaker

0oDs

Analysis

Automatic generated

Modal Test displays

Display template for Impact Hammer testing.
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Information and Control section

At the upper left you find display widgets and control buttons that is used to manage the selected Test method. You have clear
indication about the time data storing state, information about the measurement state at the current selected sensor groups,
option to re-do the measurement at the current sensor groups, select which group of Node IDs that should be measured, and a
progress table for the FRF functions to be determined.

Geometry section
At the lower left you find the Geometry widget that will by default show the geometry that was created or imported under the MT
setup Geometry tab.

Excitation and response signal section
At the upper right you have the current selected excitation and response channels shown in 2D graph widgets both in time and
frequency domain, (time scopes and FFT spectra).

FRF and coherence section
At the lower right you have 2D graphs showing the Frequency Response Functions (FRF) and Coherence Functions (COH).

Depending on the Test method selected the display widgets and controls will be different in order to have the best fit for the
configured test. Hereby, there will be differences between all 5 pre-defined visual displays. Also if later on you make chances to
the setup, then remember to re-build the visual display in order to update it accordingly to the newest setup changes. You can
rebuild the displays by right-clicking on the MT display icon and press Re-build, as shown below:

. Rebuild (Impact hammer) [ |
MT

How to re-build the Measure display

templates.

Modal test info channels

There are additional channels provided by the FRF module, which give status information during the measurement. To display
them, please add a Discrete display in Design mode:
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E'I'I:I'-_l-"n

fline math Auto recalculate Save Design dosts  Displays
|| Q. | Favorites | A Ma
Meters - Campbell plot

. Digital meter 3D graph obsolet
@ Analog meter 3D graph

Horizontal bar E:E 2030 table
E' Vertical bar Controls

. Discrete display \5 Input control
@ Indicator lamp Video

Adding a discrete display

The channels 'Hit status' and 'OVLChannel' can be assigned to it. OVLChannel will only be displayed if the parameter 'Show
message if excitation exceed' has been enabled under MT setup first.

[T

Controls 1 6 (-I:-) @

Al 2
Columns ~ Max 6 @ @ AL3
Transparency OFF @ Awve Count
Unified properties (&) Info

Reject last
@ Values Reset point
Display type | Actual w
Update rate  Fast(0,1s)

@ Drawing options

Show name @
&

Show channel name

Double hit detected!

@ Discrete values

Define @

Show Value v

[Double hit warming.

FRF control channels

e During roving excitation or roving response measurements, after one group of Node IDs is measured, you can continue to
the next group of Node IDs by pressing the Next group buttons.

¢ |f you are unsatisfied with the last measurement, you can cancel it by using Reject last.

o If all measurements in a group must be re-measured, the Reset Group button can delete all the calculated data done for the
current group of Node IDs at once.

All the actions are done using control channels in . If you want to create your own visual display then these controls
can be modified manually by picking the input control display from the instrument toolbar. Set it to Control Channel and Push-
button. Channels Reject last, Next point and Reset point can now be assigned from the channel list on the right.
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Next excitation group [Next response group

Reject |ast

Reset group

Modal test control buttons.
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Trigger Window Functions and Averaging

Force and Force + Exponential windows

When using triggered test methods like Impact hammer or shaker bursts then you can select between Force and Force +
Exponential time windows.

The Window length parameter affects the excitation channels only since the response channels always have a window over the
full FFT block length T.

The Window decay parameter is used for the Force + Exponential window type and defines the remaining relative amplitude at
the end of the FFT block length.

Time windows
Window Window length Window decay
Force + Exponential |20 |% |1 |%

Force |

Window functions and their settings for triggered modal tests.

Force window

A Force Window is a rectangular window with a certain length relative to the FFT block length T.

For Excitation channels the Window length can be adjusted/reduced to only include a part of the duration of FFT block length T,
or 100 % of T. In our example the damping is very high (signal fades out quickly), therefore we can select a smaller portion of the
signal, e.g. 10 % (usually you would define a noise level first to determine it). Having a window length of 100 % means that all of
the acquired data will be taken for calculation (all 16 384 samples of the FFT block in our example from before, the whole block).

The response signals will always use a Window length of 100 % of the FFT block length T.

__________ Bodeplot
2
o
e
=
E
E
L]
z
-1
g
L&)
(3]
(=] —
8 £
@ =
0,000 51,150
-5% 10%

Force window type for excitation signals

Outside the Force window length the excitation signals will be cut out completely, in order to avoid noise.

Force + Exponential window
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A Force + Exponential window will apply an exponential window on the excitation channels which has a length set by the Window
length. After the defined Window length the exponential window drops to zero for the excitation signals.

The response channels will get an exponential window over the full FFT block length, T, no matter the setting for the Window
length.

For both the excitation and response channels the Window decay percentage is relative to T.

a€"Force + Exponentiala€™ is commonly used for impact testing since it both reduces noise on the excitation and response
channels, and keeps equal decay ratios between excitation and response channels inside the defined Window length, which
avoids the need for additional window corrections.

The picture below shows how the response window is decayed when different Window decay percentages are selected in
Dewesoft .

Recorder

100% W

55 000

50%

Acc L (mis2)

-45,000
]

02:55,293 02:55,469

Window decay of response signals.

Averaging of spectra

The result can be improved by averaging the excitation and response spectra over a number of FFT blocks. Therefore, the first
e.g. 5 hits in an Hammer Impact test will be recognized and taken into calculation for resulting averaged spectra. After the
specified number of spectra are averaged then you move on to the next group of Node IDs.
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Averaging of hits
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Settings for averaging hits
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Impact hammer, roving excitation sensor

Roving hammer SISO Modal Test

\

:

Roving excitation with a modal hammer. The reference response DOF is fixed.

In this ogerau )N mode,. there is Rne acceleration sensor
ounted.in a fixed ?OSI’[IOR %nt e structure e modal
ammgr IS moving throu e excitation DO pwolr]ts. e.qg.
oIn hﬁ\s at each point, which are avera e?}i'r his IS

rob%b|¥ e most simple modal test and ?s,only one
amme andéme response sensor. Using a single in at

xcitation and g single output response s referred to as
%I&)testmg— mglglnput%mg% utput testing.
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Roving excitation with an impact hammer setup.

Roving hammer SIMO Modal Test

A ST R Jeaepran be detacted by using 8 sindle,
re onse sens rs can use |muI aneousl at f|><e
rences mer IS TOVIN hrs IS
ore erred to a Itl lm a
en usin Ie nput ex |on an

4.3 SSIE et XN
e P R

J

Roving excitation with a modal hammer. The 2 reference response sensors are fixed,
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Excitation | Response | Transfer functions

Trigger Double hit detection Time windows

[1
ENE R £ (O
Excitation channels

% I

Force 32+

Force 92+

Response channels

The two reference response DOFs are in the same group to be measured at the same time.
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Impact hammer, roving acceleration sensor

Roving response SISO Modal Test

Fixed hammer excitation DOF and roving response DOF.

The hammer is always exciting the structure in the same DOF position (Node ID, Direction and Sign). Now the acceleration
sensor is moved to different DOFs. The disadvantage of this setup is, that the mass of the acceleration sensor changes the
structure differently in every point, therefore, influences the measurement (this effect is called mass loading). Also between each
measurement, the sensor has to be mounted again, which results in a little more work than when using a roving hammer setup.

An advantage of using roving response testing is e.g. if it is difficult to impact the structure at all DOFs.

Using a single input excitation and a single output response is referred to as a SISO test, and if a group of multiple output
responses are used (maybe a roving group) then it is referred to as a SIMO test.

Exdiztion | Response | Transfer functions | Geometry editor

Measurement Trigger Double hit detection Time windows

Test method Pretrigger Trigger level [#] second hit level Window Window length Window decay

[ e N s [N [rorce + xponert ~ | [10 % [s B
[ Roving hammer frespanse 20 samples

e —
Resolution @ | Autofil... | |Search Q @ Show message if exdtation exceeds I:I M

|spectral lines ~ | |1000 | Nedem | Direction | Sign | Input | Physical quantity | Units | Group |

lines: 1000, df: 2,5 Hz, duration: 0,4s

| 1 | z | + | Impact Hammer Force | M | 1Z+

Averaging type

[ stop after

-

Exctation | Response | Transfer functions | Geometry editor

Measurement Response channels

e ® R

[ Raving I MNode ID | Direction Sign Input Physical quantity Units Group |
O i il =

R tion 4 z + Acc 1 Acceleration a 47+

|Spectra| lines ~ | |1000 | 5 z + Accl Acceleration ] 52+

lines: 1000, df: 2,5 Hz, duration: 0,4s

Averaging type
Linear

[ 5top after

I

&

Impact hammer and single roving accelerometer sensor SIS0 setup.



Shaker

Modal shakers are types of vibration shakers used to excite large or complex structures and to achieve high-quality modal data.
In comparison to modal hammers, modal shakers have the ability to excite the structure in a broader frequency range, and with
many different signal types, best suited for different structures and ideal for accurate test results. Shaker tests are often used for
critical structures and when extended analysis is required. Shaker testing often use a large group of response sensors.

SIMO shaker setup

Resp

Exc

Shaker

MModal Shaker SIMO test, with one modal exciter (shaker) and three response sensors.

The channel setup of a SIMO shaker modal test is shown below:

Measurement
Test method

|:| Roving response

Resolution

‘Spectral lines ~ | [1000 |
lines: 1000, df: 2,5Hz, duration: 0,45
Averaging type

Linear ~

[ ]5top after

avg.

Measurement
Test method

1
|

Resolution
Spectral lines ~| | 1000 |
lines: 1000, df: 2,5Hz, duration: 0,45

Averaging type
Linear

[ stop after

Excitation | Response | Transfer functions | Geometry editor

Excditation source Exdtation type

External v Burst v/
Trigger Time windows

Pretrigger Trigger level Window Window length Window decay

1 ME S IN  Force +Exponential ~ |10 lw |1 %
20 samples

@ Autofill... [search Q [«] Show message if excitation exceeds D N
Node]D| Direction | Sign | Input | Physical quantity |Units|
| 1 | z | + | Shaker force 1 | Force N
Exctation | Response | Transfer functions | Geometry editor
Response channels
@ |Search Q
Mode ID | Direction Sign Input Physical quantity | Units |
1 z + Accl Acceleration a
4 z + Acc 2 Acceleration g
5 z + Acc 3 Acceleration a

Modal shaker SIMO setup with one shaker and 3 response sensors.



MIMO Shaker setup

Shaker

Modal Shaker MIMO test, with two input shakers and multiple response sensors.

The channel setup of a MIMO shaker modal test is shown below:
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o | e |t | oty

tion settings

Time windows

R R—

Excitation channels

Response channels

Acc 2

Acc 3

Acc 4

Acc 5

Acc 6

Acc 7

7 Arm ] Arralaratinn

Modal shaker MIMO setup with two input fun:e excitation channels and multiple cutput respense channels
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Shaker externally controlled

If the shaker is externally controlled, Dewesoft offers Burst mode (triggered acquisition) or Continuous mode (free-run
acquisition):

Excitation sattings

Excditation source Excditation type
External ~ | |Burst ~

T Burst

Continuous

External excitation source types.

Continuous shaker excitation type

In Continuous mode spectra are calculated continuously as data are acquired throughout the measurement. A list of time
weighting FFT windows for continuous signals are supported, and the calculated spectra can be set to overlap in time by
specifying the Signal overlap parameter.

Excitation settings
Exditation source Exditation type
|Elrhemal ~ | |Cmt’nuous ~ |

FFI'whdo-w . Sig;'ﬁovedap
|Blad<rnan V”SO Vl%

External Continuous shaker excitation

settings.

The calculation runs to the end of the measurement, but it can also be stopped automatically after a user-defined number of

spectra by Checking on the a€”Stop aftera€™ parameter under FRF settings, and specifying a number of averages.

Burst shaker excitation type

In Burst mode the calculation of each spectrum is triggered by the externally controlled excitation signal. When the excitation

input signal exceeds the Trigger level a new spectrum will be calculated. Depending on the ramp-up burst time, a Pre-trigger can

be adjusted to ensure the FFT block of time samples, used for a spectrum, includes the entire burst.
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Excitation settings

Excitation source Excitation type
[ | ot |
Pretrigger Trigger level Window Window length

£ v]% [0 N [Force v = |

External Burst shaker excitation settings.

Time window functions for burst random signals are supported together with related user-defined window parameters. With
triggered spectrum calculation Signal overlap is disabled since it is controlled by the trigger.
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Shaker controlled by Dewesoft Analog Output

If the shaker is controlled with Dewesoft AO, we support Continuous random, Burst random and Sine sweep generator output
excitation signals. AO is an abbreviation for Analog Output. All the settings for the function generator can be done directly in the

Modal test setup.

Exdtation source Waveform

Continuous random
Burst random
Start time Stop time  [Sine sweep

0,5 s |0,3 5

Dewesoft analog output excitation

waveforms.

For all Waveform types the AO soft start and soft stop times can be set. The soft start/stop times define the duration of half-sine
leading and trailing gain tapers. The measurements will be calculated after the leading taper and before the trailing taper, except
for triggered calculations when using Burst random.

In the Excitation channels table the Dewesoft AO channels to use must be selected, and their output voltage target amplitudes
must be set. The Dewesoft output channels will have the defined voltage target amplitude over all frequencies.

Continuous random waveform

By selecting the Waveform type Continuous random, AO channels will output continuous random noise. The random noise will
have a frequency Bandwidth equal to the Nyquist frequency of the DAQ device's sample rate, where the Nyquist frequency is
given by:

_ fsamp!erate
f = ZemEe

Burst random waveform

With Burst random Waveform type, the AO channels will output bursts of random signals with a user-defined burst length. The
burst length (between the AO soft start and stop times) is set by the Excitation duration parameter. The excitation duration is
specified in percent of the FFT time block length used for each spectrum:
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Transfer functions | Geometry editor

Test method Exdtation source Waveform
|Shaher Vl |DewesoFt.AD Vl |Burst random V|
Roving response
E
Resolution
‘spectral nes v | [2s00 |

lines: 2500, df: 1Hz, duration: 15

FFT block length and relative duration of burst excitations.

Note: For minimum spectral leakage, remember to limit the Excitation duration enough to have room for the AO soft start/stop
times in the FFT time blocks. Also, make sure the Pre-trigger is set such that the FFT time block includes the entire burst - from

the beginning of AO soft start to the end of the AO soft stop:

Transfer functions

Excitation source Waveform Exdtation duration
Dewesaft AO ~ || Burst random w
AD soft start/stop Trigger
Start time Stop time i i
Resolution 0,1 [s o,
|Spech'a| lines ~ | |2500 |
lines: 2500, df: 1Hz|duaﬁon: 1s I

Bursts will (1) start after pre-trigger, () ramp-up over start time, (3) run over the excitation duration, (4)
ramp-down over the stop time. The total duration should not exceed the FFT block duration.

Geometry editor

pe; [M]
1,0

Exc_1Y+/Sco
-1,0 9,0E-3

t(ms)

-21

0,000 249,950 499,900 749 850 999,300

Like for the Continuous random waveform, the bursts of random noise will have a bandwidth equal to Nyquist frequency of the
DAQ device sample rate. For the Burst random waveform the window function is always rectangular/uniform.

Sine sweep waveform

The Sine sweep waveform outputs a sinusoidal signal that sweeps in frequency from Start freq. to Stop freq. over a specified
Sweep time or with a specified Sweep rate. The frequency sweeping will begin after the AO soft start time and end before the AO

soft stop time.
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Swept sine testing will typically provide great coherence between input and output, and the total input force to the structure can
be kept relatively low since only one frequency is excited at the time.

Stop freq.
|z |100

Excitation source Waveform Sweep type

|HZ |Linear | |80 3

Dewesoft AQ e | |Sine sweep

Dewesoft AD Sine sweep excitation settings.

When using Sine sweep with multiple shakers, multiple sinusoidal sweeps have to be measured to be able to un-correlate the
multiple input excitation signals. To be able to distinguish between the multiple excitation signals, the excitation pattern has to
be different between the sweep runs.

In Dewesoft, this is managed by changing the phase pattern between sweep runs for the AO channels. Each sweep will have a
phase profile containing the phase for each AO channel. The profiles can be set randomly by pressing the button Randomize
profiles, or it can be set by the user in the Excitation channels table.

In order to un-correlate the excitation signals, at least the same number of sweep runs as the number of included AO channels
must be used. The multiple phase profiles should be as different as possible to get best results.

For example using two AO channels the optimal phase profiles are 0A° and 0A° for run 1, and 0A° and 180A° for run 2.

The measurements are averaged over all sweep runs, hereby measured data from all phase profiles are used for the spectral

results.

Excitation | Response | Transfer functions | Geometry editor
Excitation settings

Excitation source Waveform Start freq. Stop freq. Sweep type Sweep time
|DewesoFtAD v| |Sinesweep vl |1D |Hz |100 |H2|Unear V| al 5
AD soft start | stop AD phase profiles Continuwous excitation settings

Start time Stop time Mumber of runs FFT window Signal overlap

0,5 s [0,5 ls |2 | Randomize profies  Hanning | |66,7 v %

Ex =

®

channels
Autofill... | Search

Q Dﬂwwmessageifexdbﬁonexceedslilﬂ

‘

Mode ID | Direction Sign Input Physical quantity Units AQ channel AC amplitude | Profile 1 | Profile 2 |
1 z + Shaker Farce 1 Force M Shaker signal 1 1,00V 0,00%° 0,00°
2 z + Shiaker Farce 2 Force M Shaker signal 2 1,00V 0,00® 180,00 =

Shaker Sine sweep modal test setup with two AD channels having different phase patterns for the two Profiles.

No phase profiles need to be configured for the random waveform types, since the excitation patterns between AO channels
already change by the independent noise signals

You should ensure that the sweep is slow enough because the FFT needs some time T for calculation (dependent on the number
of lines, resolution). . The settings for the Dewesoft AO signals are the same as under the Function Generator module.

When you switch to Measure mode or press the Store button, the sweep will start.
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Example of signals when doing a Shaker Sine sweep modal test.

When using a sine sweep, as the sweep moves through the frequencies, the graph data will be updated. Putting the AO/Freq

channel on a separate display is a good way to show the current frequency.
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The picture above shows two 2D graph instruments with transfer functions 2-1 and 3-1 (amplitude on top and the phase below)
during a sweep. The left side is already calculated while the right side is ongoing.
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ODS - Operating Deflection Shapes

Operating Deflection Shapes (ODS) is a simple way to do dynamic analysis and see how a machine or a structure moves within
its operational conditions. ODS tests have no applied artificial forces and only response vibration signals are measured.

Dewesoft supports two ODS types:

¢ Time ODS - used by adding a separate Time ODS module to your DewesoftX setup.
¢ Frequency ODS - included in the Modal Test module as one of the Test methods.

Time ODS calculates deflection shapes over time, over a time axis, opposite to Frequency ODS which calculates deflection
shapes over a frequency axis.

In this way, you can see how the overall structure deflects at a specific time instance with Time ODS, and you can see how the
structure deflect at a specific frequency by using Frequency ODS.

Time ODS

The time ODS module can be added to the setup file like shown in the picture below:

4+ -

Maore... Remove
|h'me ods ® Add module | Mew setup defaults
%) Time ODS

Adding the Time 005 module to the setup.

In the Time ODS setup you can select vibration channels as inputs, being acceleration, velocity or displacement channels, and
you can Integrate or differentiate them to obtain e.g. displacement as the output quantity. A geometry can be created in the
same way as in the MT module.

Time QDS +

Geometry editor
Response channels

Output settings
= ®
| B - | Index | ModeID | Direction Sign Input Physical quantity Units Scaling |
Qutput unit 1 0 z + Acc 1 Acceleration mjs2 | 39,3700
| n hd | 2 1} Z + Acc 2 Acceleration m/fs2 39,3700
Filter low frequencies and DC 3 a Z + Acc 3 Acceleration m/fs2 39,3700
Filter arder Cut off frequency
4 v | [o,1 Hz
Time QDS setup.
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>oW - BB A

Flay is Normal Sound Offline math Autorecalculate  Save Widgets Displays  Registratore T

2810201 - 131

A Time 0DS measurement being replayed in Analyse mode.

For more information about Time ODS please use the following links:

Frequency ODS

When performing Frequency ODS, one of the accelerometers has to be set at a reference channel in order to calculate phase
information. In Dewesoft this is done by selecting the reference response sensor as an excitation channel. The reference channel
should be placed at the DOF revealing the most structural modes.
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https://manual.dewesoft.com/x/setupmodule/modules/machinery/time-ods?_ga=2.163280890.775967059.1642500337-1711060752.1634306504
https://d36j349d8rqm96.cloudfront.net/3/116/Dewesoft-Modal-Test-Analysis-Manual-EN.pdf#page=80&zoom=100,48,140
https://d36j349d8rqm96.cloudfront.net/3/116/Dewesoft-Modal-Test-Analysis-Manual-EN.pdf#page=80&zoom=100,48,140
https://d36j349d8rqm96.cloudfront.net/3/116/Dewesoft-Modal-Test-Analysis-Manual-EN.pdf#page=80&zoom=100,48,140

Measurement
Test method
oD v]
[Iraoving response
.
Resolution
‘Spectral lines | 1000 |
lines: 1000, df: 2,5 Hz, duration: 0,4 s
Averaging type
near v
[]5top after

Ex—

Output Used

H1 transfer functions

H2 transfer functions * Unused
Ordinary coherence

Multiple coherence * Unused
Power spectral density Unused
Ordinary mode indicator function  Unused
Intermediate Fourier transforms Unused

Excitation | Response | Transfer functions | Geometry editor
Continuous excitation settings

FFT window Signal overlap

Blackman v 86,7 v %

Node]D| Direction | Sign | Input | Physical quantity |Urits|
| 1 | z | + Accl Acceleration | mfs2
Exdtation | Response | Transfer functions | Geometry editor
Response channels
® B a
ModeID | Direction Sign Input Physical quantity | Units |
| 1 Z + Acc 1 Acceleration mfs2
2 Z + Acc 2 Acceleration mfs2
3 Z + Acc 3 Acceleration mfs2
4 Z + Acc 4 Acceleration mfs2
5 Z + Acc 5 Acceleration mfs2
3 Z + Acc B Acceleration mfs2
7 Z + Acc 7 Acceleration mfs2
| 8 Z + Acc 8 Acceleration mfs2

003 test setup with one of the output sensors assigned as a reference channel on the excitation tab.

In you want to group your sensors and move them during the measurement, select option Roving response.

This will create different groups and you can manually select the sensors in the same group or change group names.

Exdtation | Fesponze | Transfer functions | Geometry editor
Measurement Response channels
Testnetros @ B a
oDs ~
. MNode ID Direction i t Physi 1] Units Gri
I Sign Inpu ysical quantity oup
1 z + Acc 1 Acceleration mys2 Group 1
Resalution 2 z + Acc 2 Acceleration myfs2 Group 1
|Spech-al lines vl |1000 3 Z + Acc 3 Acceleration myfs2 Group 1
lines: 1000, df: 2,5 Hz, duration: 0,45 4 z + Acc 4 Acceleration mfs2 Group 1
Averaging type 5 z + Acc 1 Acceleration myfs2 Group 2
|L'near v |
[3 z + Acc 2 Acceleration myfs2 Group 2
[]stop after
ava 7 z + Acc 3 Acceleration myfs2 Group 2
8 z + Acc 4 Acceleration myfs2 Group 2
o |

Roving ODS test setup with two groups containing the same 4 channels but at different DOF Node 1Ds.

During the measurement, you can switch between the groups:
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0DS test example, showing Group 1 being measured and Group 2 still waiting to be measured

[Video available in the online version]
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EMA - Experimental Modal Analysis

In the experimental modal analysis (EMA), the structures are excited by artificial forces and both the inputs (excitation) and
outputs (response) are measured to get the frequency response functions (FRF) or impulse response functions (IRF) by digital
signal processing. Modal parameters can be identified from FRF or IRF by identification algorithms in the frequency domain or

the time domain. EMA tests are usually carried out in the lab, with the advantage of high signal to noise ration (SNR) and easy to

change test status.

EMA identification methods can be classified into a time domain (TD) methods and frequency domain (FD) methods according
to different identification domain. Also, they can be classified according to a different number of input and output:

¢ SISO (single input single output),
e SIMO (single input multiple outputs),
e MIMO (multiple inputs multiple outputs).

The FRF is generally utilized for the EMA in the frequency domain, which is estimated from the excitation and response signals.

Then the modal parameters are identified by constructing the parametric or nonparametric models of the FRF and curve fitting
them. The IRF is generally utilized for the EMA in the time domain. It can be obtained from the inverse FFT of FRF.

Time domain methods are suitable for the global analysis in a broad frequency band, which have good numeric stability.
However, there are some limitations too:

¢ very difficult to confirm the order of math model,

e always time-consuming,

e many calculation modes got with the structural modes and difficult to delete them,
e many settings needed, complicated-to-use,

¢ not being able to take into account the influence of out-band modes.

On the opposite side, frequency domain methods are always reliable, rapid, easy-to-use, with the capacity to consider the out-
band modes and analysis uneven spaced FRFs, so they are applied widely.
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OMA - Operational Modal Analysis

Operational modal analysis is used for large civil engineering structures, operating machinery or other structures, making use of
their output response only. These structures are always loaded by natural loads that cannot easily be controlled and measured,
for instance, load from waves (offshore structures), the wind loads (buildings) or traffic loads (bridges).

Both OMA and ODS only use output response channels, but where ODS mainly provide deflection shapes for animation, OMA
provides a modal model like EMA (Experimental Modal Analysis) does, which includes resonance frequencies, damping ratios
and mode shapes of simple and complex structures.

When it is possible EMA is typically preferred over OMA as the best modal test type due to the controlled environment, where the
operator can manage the structural excitations. But, in cases where it is difficult to excite the structure by artificial means, OMA
is a great way to go. Moreover, all the measured responses come under operational state of structures, and their real dynamic
characteristics in operation could be revealed, so OMA is very suitable for health monitoring and damage detection of large-scale
structures.
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MIMO - multiple shaker excitation

Multiple-Input Multiple-Output (MIMO) measurement techniques are a well-proven and well-established method for collecting
FRF data sets. MIMO methods offer some distinct advantages for the measurement and extraction of basic modal parameters
especially while testing larger structures.

The main advantage of MIMO is that the input-force energy is distributed over more locations on the structure. This provides a
more uniform vibration response over the structure, especially in cases of large and complex structures and structures with
heavy damping. In order to get sufficient vibration energy into these types of structures, there is a tendency to overdrive the
excitation DOF when only a single shaker is used. This can result in non-linear behavior and deteriorates the estimation of the
FRFs. Excitation in more locations often also provides a better representation of the excitation forces that the structure
experiences during real-life operation.

The response transducers must be roved around unless there are sufficient transducers available to cover all the response DOFs.
With this type of testing, uncorrelated random (continuous, burst, or periodic random) excitation signals are used. Burst random
and periodic random signals have the ability to provide leakage-free estimates of the FRFs, i.e., without resolution-bias errors,
which is an advantage compared to continuous random signals.

A demo measurement was done on a plane model. The structure was excited by two shakers with uncorrelated excitation
signals. The responses were measured with 3-axial accelerometers and the excitation signals were measured with force
transducers. The voltage signal for the shakers was supplied from the Dewesoft Function generator (AO module).

MIMO measurement on a demo airplane

On the left side of the Modal test Ul, you select Shaker as a test method, resolution of the measurement, and additional output
channels.

On the right side of the Ul, define the excitation source and excitation channels. We will use Dewesoft AO to drive the shakers
and we select Burst random noise as the type of excitation.

We will measure the excitation with 2 force transducers in Z+ direction, at points 1 and 2.
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Used ~ | | Setup ~ Rename

Recalculated results are affected by calculation block length and position. Before changing fields like FFT Lines, Stop after X avg., Pretrigger, Trigger level and Overlap make sure, that calculation block
does not include next trigger or spans too much into calculation of next roving group.

Response

Test method Excitation source Waveform Excitation duration
Shaker ~ Dewesoft AO Burst random 50 % of segment
D Raoving respanse
Pretrigger Trigger level
Resolution |1 v ‘ % ‘ 1 N

Spectral lines ~ | 4086 0 samples
lines: 4096, df: 0,61 Hz, duration: 1,64 s

Averaging type @ Autofil... Q [[]5how message if excitation exceeds
Linear k&
Index Direction Sign Input Physical quantity Units AO channel AQ amplitude AD offeet AQ phase
[1stop after
1 Z + Force 1 Force N AO1 1,00V 0,00V 0,00
2 Z + Force 2 Force M AC2 1,00V 0,00 o,00°
Qutput Used
H1 transfer functions Used
H2 transfer functions = Used
Ordinary coherence Unused
Multiple coherence * Used =2
Power spectral density Unused

Ordinary mode indicator function Used

Intermediate Fourier transforms Used ==
Trigger level

Outputs marked with * reguire a lot of
computing power. Consider disabling them
during measurement and enabling them in
analysis mode

Preview graph is not available in analysis mode.

Image 54: MIMO setup - excitation channels

We measured the responses with 4 tri-axial accelerometers in X, Y, and Z direction (points 1, 2, 4, 5) and with 2 uni-axial
accelerometers in Z direction (points 3 and 6). Setup was done accordingly, as shown in the image below.

Used ~ | Setup ~ Rename

Recalculated results are affected by calculation block length and position. Before changing fields like FFT Lines, Stop after X avg., Pretrigger, Trigger level and Overlap make sure, that calculation block
does not include next trigger or spans toe much inte calculation of next roving group.

Test method @ Autofil...
Shaker ~
A
[ Roving respanse Index Direction Sign Input Physical quantity Units
1 X + AccX 1 Acceleration mfs2
Resolution 1 ¥ + AccY 1 Acceleration mfs2
spectral lines - 1 z + AccZ 1 Acceleration mfs2
lines: 4096, df: 0,61 Hz, duration: 1,645 2 % + AccX 2 Acceleration m/s2
Averaging type 2 ¥ + AccY 2 Acceleration mjs2
Linear e
2 z + AccZ2 Acceleration mfs2
[1stop after
3 z + AccZ 3 Acceleration mfs2
4 X + AccX 4 Acceleration mfs2
4 ¥ + AccY 4 Acceleration mfs2
Output Used 4 z + AccZ 4 Acceleration m/s2
H1 transfer functions Used 5 X + AccX 5 Acceleration mjs2
H2 transfer functions = Used 5 ¥ + AccY S Acceleration mfs2
Ordinary coherence Unused [ - . A= A —tn v
Multiple coherence * Used 8
Power spectral density Unused L

Window

Ordinary mede indicator function Used

Intermediate Fourier transforms Used

Outputs marked with * require a lot of
computing power. Consider disabling them
during measurement and enabling them in
analysis mode.

Preview graph is not available in analysis mode,

mage 53 MIMO setup - response channels

On time-domain recorder (top right corner) you can see time domain channels from excitation and responses.
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On the left side, the results are displayed on 2D graphs. You can see transfer functions, coherences, and MIF (mode indicator
functions). The geometry is animated from the selected frequency.

Recorder

10,854

T

Frequency: 70,8 Hz

Image 56: MIMO results
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Transfer functions setup tab

The transfer functions tab gives an overview of which transfer functions that will be calculated. For large test setups involving
many sensor locations and multiple references the full set of transfer functions can be big. If not all transfer functions are
required while performing measurements they can be toggled from a€"Useda€™ to a€"Unuseda€™ to increase the performance.
In Analyze mode, when doing post-analysis, the € Unuseda€™ transfer functions can be toggled back to a€"Useda€™ and
recalculations can be done based on the acquired time data.

Exdtation | Response
Transfer functions

Transfer functions | Geometry editor

Responses | Exdtations

1Z+ (group 1Z+)

1Z+ (group Group 1)

17417+

2Z+ (group Group 1)

47+ (group Group 1)

2Z+1Z+

3Z+1Z+

47412+

Transfer functions setup tab example, with one excitation

channel and 4 response channels, giving 1 x 4 transfer

functions.
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Geometry editor setup tab

Under the Geometry editor tab you can create or import a geometry that relates to the test. The geometry is mapped to the

channels via the Node IDs. After connecting all nodes to channels the geometry can animate mode shapes and defection shapes
depending on the used Test method.

For additional information about how to use the Geometry editor please look at:

o Geometry online help page

e Modal test and analysis manual

Exdtation | Resp Transfer functions | Geometry editor |
® Autofil... carch Q
Mode ID || Direction Sign Input Physical quantity Units Group
1 z + Acc 1 Acceleration mfs2 Group 1
2 z + Acc 2 Acceleration mfs2 Group 1
3 z + Acc 3 Acceleration mfs2 Group 1
4 z + Acc 4 Acceleration mfs2 Group 1
5 z + Acc 1 Acceleration mfs2 Group 2
-1 z + Acc 2 Acceleration m/s2 Group 2
7 z + Acc 3 Acceleration mfs2 Group 2
8 z + Acc 4 Acceleration mfs2 Group 2
| Exditation | Response | Transfer functions | Geometry edito
Fie  Tools
| Objects | lodes | Lines ‘ Surfaces |
@ e Show unused paints Add Cartesian C5 Add Cylindrical C5
ﬁ MNode ID X ¥ z Xangle | Yangle | Zangle | Object... State
Fl Cartesian C5[-... 0,00 0,00 0,00 0 0 0
= 0 1 0,00 0,00 0,00 a a a 1 Measured
1 2 0,00 0,67 0,00 a a a 1 Measured
sl 2 3 0,00 1,33 0,00 a a a 1 Measured
3 4 0,00 2,00 0,00 0 0 0 1 Measured
al 4 5 1,00 0,00 0,00 0 0 0 1 Measured
5 [ 1,00 0,67 0,00 0 0 0 1 Measured
[ 7 1,00 1,33 0,00 0 0 0 1 Measured
7 8 1,00 2,00 0,00 0 0 0 1 Measured

Mapping of sensors to the geometry by Node IDs.

The geometry can be managed in the Modal Test setup under the Geometry editor tab, or in Measure we can add the a€ceModal
Geometrya€ widget.

When the Geometry editor tab is used under the Modal Test setup, the geometry are automatically shown on the pre-defined

measure displays for MT.
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Ch. setup  Measure Amplifier

+ B @ =

Widoets  Displays Recorder Custom

——

| geometry @

‘\ Modal Geometry

Geometry widgets can be added to user-

defined measure displays.

Importing geometries

You can Import UNV / UFF (universal file format) geometries from other software (e.g. MEScope or Femap) into Dewesoft X. Of
course, you can also import a geometry that was drawn in Dewesoft X's FRF Editor before. You can also use Load to open

geometries from XML files.

On the Geometry tab on the Modal test setup, or from the properties of the Modal geometry widget on the left, select Load of

Import.

Excitation | Response | Transfer functions | Geometry editor

File § Tools
| ClearStructure rfaces
Save as
Load
Import h To node index
Export 1]

Importing a geometry to the Modal Test setup.

Drawing a structure

To draw a structure go to the Geometry editor tab in the Modal Test setup. In the editor we can add Objects, Nodes, Lines and
Surfaces. All the points and objects can individually be defined in a Cartesian coordinate system or Cylindrical coordinate

system.
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| Exditation | Response ‘ Transfer functions | Geometry editor

File  Tools

| Objects | Modes | Lines | Surfaces |

@ @ [ show unused paints

Add Cartesian CS

Add Cylindrical C5

| E MNode ID
’l Cartesian C5[-1...
a0 1
s 1 2
s 2 3
3 4

Objects

X
0,00
1,00
1,00
2,00
2,00

0,00
0,00
1,00
0,00
1,00

Z
0,00
0,00
0,00
0,00
0,00

¥ angle

0
0
0

¥ angle

0
0
0

Z angle

0
0
0

State

Measured
Measured
Measured

Measured

Hﬂu Left dick: select node. Right dick on node: open context menu.

Example of a plate Object in the Geometry editor tab, having 4 nodes

The structure can be assembled from pre-defined objects. The object that are available in the Geometry editor are:

e Cuboid
e Plate

e Circle
e Sphere
e Cylinder
e Cone

For each object you can define the position (X, Y and Z coordinate), size (of axis) and number of points in each axis. If the user

selects option Surfaces, the surfaces will automatically be assigned to the structure.
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Exdtation | Response
File  Tools
Obiects Lines

Excitation

File

Response

Tools

Modes

Lines

Mame

Transfer functions

Surfaces

Edit

Plate

L

Cirde
Sphere
Cylinder
Cane

Cuboid I

XY

Size on first axis:

Paints on first axis:

[ 5urfaces

Size on second axis:

Points on second axis:

Transfer functions

Surfaces

@ @ [#]show unused points

Add Cyjindrical Cs

3

4

1=

Node ID
Cartesi...
1
2

% angle

¥~

How to enter the object edito

Example of some obje

Ll

s created by the object editor.
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Nodes

Under the Nodes tab in the Geometry editor you can link the channels, used in the setup, to the geometry. The setup channel
Node ID numbers are linked to the geometry Node ID numbers. Nodes are points where the sensor is positioned on an object.

Nodes are defined with location (X, Y, Z) and rotation around axes (X angle, Y angle, Z angle). In order to create a new structure
from nodes, we have to switch to the Nodes tab. Now we have to create a coordinate system in which we will define our nodes.
This can either be Cartesian or Cylindrical. After the coordinate system is created, we can add nodes with the Plus button.

After nodes are created we can change their rotation (according to how the sensor is rotated on the object) with all three axes.
Nodes can be selected with selection in the node table or with the right mouse click on the structure preview window. When a
node is selected, rotation is shown with a small coordinate system located directly on the node. In the picture below you can see
a selected and rotated node.

i + | L Mode ID X ¥ z ¥Xangle | Yangle Zangle State
’l Cartesian C5[-1] Center Point 0,00 0,00 0,00 1] 1] 1]
LIl 1 0,00 0,00 0,00 0 0 0 Measured
a1 2 0,00 2,00 0,00 0 0 0 Measured
sl 2 3 1,14 0,00 0,00 0 0 0 Measured
1 (=l 3 4 1,14 2,00 0,00 0 0 0 Measured
1 o 4 5 2,25 0,00 0,00 0 0 0 Measured
5| 5 [ 2,25 2,00 0,00 0 0 0 Measured
CIN -] 7 3,43 0,00 0,00 0 0 0 Measured
s 7 8 3,43 2,00 0,00 0 0 0 Measured
F - g 457 | 000 | o00 I 0 45 0 I Measured
= 9 10 4,57 2,00 0,00 a a a Measured
a| 1 11 571 0,00 0,00 a a a Measured

Selected rotated node point

Lines

When nodes are defined we can go ahead and manually add lines to connect them. An easy way to create lines is to right click
with the mouse on the node, select Add -> Lines.

Mode(s) state
Select object nodes

Add Lines

Transform Triangles

Camera

Adding lines between node points.

57



Left click on the first node and move to the second node. This will create a white line and when you hover to the node, the line
will change to green color. Select the second node and the line will be added. You can add multiple lines consecutively. Right

mouse click will stop adding lines.

If we dona€™t want to draw a connected line, we can also manually add lines by pressing on the Plus button in Lines tab of the

Geometry editor.

Surfaces

Surface can be defined with 3 nodes. Triangle surfaces can be added with a right mouse click on a node point, Add -> Triangles.

Mode(s) state

Select object nodes
Add Lines

Transform Triangles

Camera

Adding surfaces between node points.

Triangle surfaces can also be added by clicking the plus button and manually defining corners.

Cartesian coordinates

Cartesian coordinates Usually nodes are presented with a Cartesian coordinate system. This means you have X, Y, Z position
and rotation around all three axes. Coordinate system can be used for grouping nodes, because you can later rotate or translate

them with the Center point.

Cylindrical Coordinates

Cylindrical coordinate system is used for easier creation of round objects. Points are defined with radius, angle and z (height)
around coordinate systems center point. Cartesian and cylindrical CS can be combined in one geometry.
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Importing a CAD file into Dewesoft X's geometry editor

When it comes to importing a more complex geometry into the Dewesoft X's FRF geometry editor, the number of nodes can be
very large. If you are using a CAD software solution that do not support export to UNV and do not support reduction in the
number of node points, then you can find a freeware-converter GMSH from e.g. STL-to-UNV here: http://geuz.org/gmsh/.

After downloading it, open the program. Then you can open any STL file.

- Tools Window Help

New. .. Ctrl+N

Open.. ~ Ct+O
Open Recent »
Merge... Shift+Ctri+0O
Watch Pattern...

Clear

Remote »
Rename... Ctrl+R
Save As Ctrl+5
Save Mesh Shift+Ctrl+5
Save Model Options Ctrl+J

Save Options As Default Shift+Ctrl+J

Quit Ctrl+Q

Opening STL file in the GMSH UMY

converter software

The geometry will be seen in GMSH.


https://dewesoft.com/products/daq-software/dewesoft-x
http://geuz.org/gmsh/

File Tools Window Help

= Modules
Geometry
Mesh
Solver

'\\;\ AN S
\\‘i"y vy i/ \\‘,‘\\\\‘\\\ "/"-p A "i_?"
. NN 4% %
A R
X
t
Image 67: Geometry in the GMSH UNV converter software

The click on Save as and choose *.unv file format and rename the file to .unv.
File name: | apple.unv v| UNWV/UFF Files (*.unv; *.uff) ~

cance'

Saving geometry in UNY file in GM3H UNV converter software.

After that, import the geometry in Dewesoft X in the same way as it is described on the previous page.

All the nodes and triangles are defined in the .unv file format.
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Imported geometry that was converted in the GMSH UNV converter

software

Geometry is now ready to be used for modal animation.

bxt excitation pol 2xt response poil

i
ity

Unit
Reject last _ e

m's2

Frequency: 0,0 Hz

Geometry during the measurement
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FRF - Frequency Response Function

For the following explanation of parameters, a triggered FRF was done on a snowboard structure. All 39 excitation points were
sequentially hit by a modal hammer and relate to one reference response accelerometer.

Only 1 hammer and 1 sensor were used.

From the channel list on the right side, we see that each point (#1, #2, #3, #4) is related to the reference point (#1). For each
excitation point, a transfer function was calculated, e.g. TF_1Z+/3Z+.

| ¥ 5 MT

¥ 5 TF 1Z+/1Z+
Coherence_1Z+/1Z+
TF_1Z+f1Z+

¥ & TF1Z+/2Z+
Coherence_1Z +/22+
TF_1Z+27+

¥ & TF 1Z+/32+
Coherence_1Z +/3Z+
TF_1Z+/3Z+

> 5 TF 1Z+/4Z+

=L D
arch Q

List of calculated transfer
functions

FRF functions consist of amplitude and phase information, or real and imaginary information, over a defined frequency range.
The 2D graph is the graph widget to use for illustration. you can select what you want to display by using the properties from the
left side.

Magnitude

Phase {deg)

Magnitude and phase of a frequency response function

To make a bode plot, use two 2D graphs below each other. The above one shows the amplitude (y-axis type: LOG), the lower one
the phase (y-axis type: LIN).
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When the amplitude of the transfer function shows a local maximum, and the phase has turned around 90 degrees at this point, it
usually indicates a resonance. But to avoid an erroneous statement, other parameters have to be checked as well.

+ [Deg]

¥4

TF_20Z4/18

Bode plot

Frequency [Hz]

e R . . L e L T rer
i
: |
H P
. b0
' 1
: el e e e e e
' 4 s
= i -l
g ! F -
2 ; i
0,000 7 B25.000
: i
i Bode plot i
- R | . . S —— sl B o nnno oo nonooenoesceioeiioiooas
=] H i
H i
i

Frequency Hz]

0,000

75,000 150,000

Determining modes from amplitude and phase information of an FRF.

225,000

300,000
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Coherence

The coherence is used to check the correlation between output spectrum and input spectrum. Thereby, you can get indications
of the power transfer between input and output of a linear system. Easily talking, it shows how good the input and output are
related to each other.

The amplitude of the coherence goes from 0 to 1. Low values indicate a weak relation between input and output channels (e.g.
due to noise or when the excitation spectrum has gaps at certain frequencies), and values close to 1 indicate good representative
measurements.

NOTE: Coherence results must be based on averaged measurements. In the case no averaging is used the coherence will always
show an incorrect value equal to 1.

If the transfer function shows a peak, but the coherence is low (orange circles in the picture below), it might not necessarily be a
real resonance. Maybe the measurement has to be repeated (e.g. with a different hammer tip?), or you can additionally look for
the MIF parameter, explained below.

Coherence is calculated over the frequency range and can be illustrated in a 2D graph widget.

Coherence channels are calculated separately for each point (e.g. Coherence_3Z/1Z, Coherence_4Z/1Z, a€}).

524 ]

il

MTMCOH_5Z+

1l

MTMCOH_4v+,

MTMAC OH_5X+,

Frequency (H:

0,000 75,000 150,000 225,000 300,000

Coherence functions with valleys that indicate some frequency ranges where the related FRF functions will have a greater

uncertainty.

The coherence function indicates the degree of a linear relationship between two signals as a function of frequency. It is defined
by two autospectra (GAA, GBB) and a cross-spectrum (GAB) as:

o Gl
=5 ) 6n®

For more information about autospectra and cross-spectra please look up:

e FFT Analysis Pro-training, Auto- and Cross-spectra
e FFT Analysis Ultimate guide, FFT Results

At each frequency, coherence can be taken as a correlation coefficient (squared) which expresses the degree of the linear
relationship between two variables, where the magnitudes of autospectra correspond to variances of those two variables and the
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magnitude of cross-spectrum corresponds to covariance.

There are four possible relationships between input A and output B:

Perfectly linear relationship

> A

Image78: Linear

Non-linear relationship No relationship

Image 80: Non-linear

A sufficiently linear relationship with a slight scatters caused by noise

Image 79: Sufficiently linear

> A

Image B1: No relationship
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Measurement screen - video

[Video available in the online version]

68



Mode indicator function (MIF)

If all parts of a structure are moving sinusoidally with the same frequency (fixed phase relations), this motion is called normal
mode. This happens at resonance or natural frequencies. Depending on the structure, material, and bounding conditions there
exist a number of mode shapes (e.qg. twisting, bending, half-period, full-period movement...).

These are usually calculated using finite element simulation software, or/and by experimental modal measurement and analysis.

As mentioned earlier, when the amplitude of the transfer function shows a local maximum, and the phase is turning at this point,
it usually indicates a resonance. To be sure, also the Coherence should be checked as described before. And last, you can look
at the MIF (Mode Indicator Function).

In Dewesoft a MIF value close to 1 indicates a mode shape.

The spikes shown in the picture below are very likely resonance frequencies. Just click on them and check the movement in the
geometry instrument.

The MIF function has values at all spectral lines should be displayed with a 2D graph widget.

The MIF is calculated from all FRF functions (all DOFs are included), and therefore the result is only one channel.

Bode plot

2 F35,2 ; ;

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

MIF; [

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Frequency [Hz]

A

150,000 2257000 300,000

o
0,000

Image 84: MIF - mode indicator function

Note: in other SW applications the MIF is often shown by having valleys at resonances instead of peaks. In Dewesoft we use 1 -
MIF compared to such other SW, in order to get modes indicated with peaks.
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Structure movement animation

The structure movement animation is done by putting sine functions with the amplitudes and phases from the measurement into

the geometry model points. The animation is done in one direction (in our example Z+). For FRF and Frequency ODS results you

can animate the structure for a single frequency, which can be chosen in the 2D graph when setting the Cursor type to Channel
cursor, as shown below.

Note that for Time ODS it is the time cursor in the Recorder widgets that will determine the time instance for the shown
deflection shape.

k‘Q{E}/\IlII-
do s = OB

[ show marker table
Show marker values

Maanitude e

Channel cursor applied to a selected frequency

Other than that, the frequency can also be chosen manually in the modal geometry widget properties on the left.
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Freguency: 18,6 Hz

Excitation: | All ~
Response: 207 e

Show exdtations in directions:

X z

(®Rotate () Scale

3D {perspective) e
Animate ~
Scale: 1,0 =
Speed: 1,0 =

From cursor channel ~

(=]

Hz

,.
oo

Mode: | Complex p

Animating the structure

Different parameters like animation speed and amplitude (scale), as well as the visibility (nodes, point numbers, traces, shapes,
coordinate system axes), can be changed here.

Here are some of the mode shapes of the snowboard calculated by Modal Test, where you can see bending and
twisting/torsional modes.

9,8 Hz 26,4 Hz 35,2 Hz

73,2 Hz 82,0 Hz 106,4 Hz

Mode shapes at different frequencies

[Video available in the online version]
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Modal circle

Finally, when you are certain that the point you are looking at is a resonance, you might want to get its exact frequency and

damping factor.
As the FFT can never be that precise (high line resolution needs long calculation time, which is not given when there is a hammer

impact), there are some mathematical methods to interpolate.

+ & B

Widgets  Displays Displays

|modal 5]

_ o Modal Cirde

Adding a new modal circle

In the Dewesoft Modal Test module, the circle-fit principle method is included. The modal circle method can be used for simple
SDOF structures having few, well separated, and lightly damped modes.

If more complex structures has to be investigated the Dewesoft Modal Analysis module should be used. The Dewesoft Modal
Analysis module includes more advanced modal parameter estimation techniques capable of analyzing complex MDOF
structures having many, closely couple, and heavily damped modes.

The Modal Analysis module features will be described later in this Pro-training material.

Circle fit analysis procedure

The FFT lines to the right and left side of a peak (so-called neighbor lines) are drawn by real and imaginary parts in the complex
coordinate system. A circle is aligned between them with minimum error to each point and the resonance frequency is
approximated.

The geometrical interpretation of the formula for the mobility FRF of damped SDOF system is a plot of Im(Y) vs. Re(Y). The
picture below shows the mobility FRF of the damped SDOF system (Amplitude) and the Modal circle plot on the right side.

It (jm) |
Imag (Y]
=1

=-0.05
-0.1
=-0.15
-0.2
=-0.25

4] 50 100 150 200 4] 0.1 0.z 0.3 0.4 0.5
w, [rad/fa] Real (Y)

Circle fit analysis procedure
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The selected point in the FRF curve should not be influenced by neighboring modes. The circle arc should be around 270
degrees.

The phase of the FRF curve should change for around 270 degrees. This is often not possible and a span of less than 180
degree is more usual.

Freq: 209,33 Hz
Damping: 0,011992

Circle fit analysis in Dewesoft

The damping ratio is calculated using a user-defined number of points in the circle below and above resonance.
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IMm(H)
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Re(H)
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=
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Circle fir parameters

Imagine that we had a sample rate of 2000 Hz, and 1024 FFT lines, resulting in a line resolution of 0.977 Hz. The peak, that we
are looking at, is at 73,2 Hz. But it could be in the range of 73,2 Hz A+ 0,977 / 2 Hz. In the example below, we switched the 2D

graph's Graph Type property to histogram to make the FFT lines visible.

We add the Modal circle from the widget toolbar. The 2D graph is again in cursor mode, the modal circle widget will follow. By

clicking on the peak, at first, no resonance peak is found.

1@ From cursar channel

~ I Manual

732 Hz
Peak search +/-: 10,0 | Hz

| Resonant peak not found

at input frequency 73,242 Hz

Bode pbt

1

+ [mis2in]

Z
01

TF_20Z+18

om

0,00

60,000 62,500 54,453 66 406 68,359 70,313 72,266 74219 76,172

Mo resonance is found

Then we increase the Peak search range from 10 Hz to 20 Hz. The peak is found and by changing the neighbor count you can
select how many FFT lines left and right from the peak are taken into calculation. The points should all be aligned nicely on a
circle. The small red circle point shows the calculation result in the Modal circle widget.

"I From cursor channel

9 Manual

73,2 Hz

Peak search +/+ Hill | Hz

Freq: 72,775 Hz

Bode plot

Damping: U,Uj;ﬁgi/y

TF _20Z+1 82+ [mis2i]
o1 1

0,01

0,001

78,125 80,000

Frequency [Hz]

i
L
g
£
&
=
=
»
w

60,000 62,500 64,453 66,406 68,359 70,313 72,266 74,219 78,172 78,125 80,000

A resonance frequency is found, by increasing the peak search range.
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Our final result shows 72,775 Hz and a damping factor of 0,038. With these parameters, one can proceed further in the Dewesoft
Modal Analysis module or in other simulation software.

[Video available in the online version]
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Modal Analysis of complex structures

As mentioned in the beginning of this training material, the Dewesoft Modal Test module is what you use when acquiring
structural dynamic test data of objects, which provide calculated FRF and other modal related function types.

The Dewesoft Modal Analysis module is used in Analyze mode, after the modal test data acquisition, in order to estimate high
quality modal models.

Where Dewesoft Modal Test mainly provide tools to determine modal parameters of simple structures, having lightly damped
and well separated modes, Dewesoft Modal Analysis provide tools to determine valid modal parameters for complex structures,
having multiple resonance frequencies being closely spaced and with heavy damping.

=]
o
3
=
[=}
=1
Ed

Example of a display configuration for Modal Analysis in Analyze mode.

The Dewesoft Modal test module is included in the Dewesoft X DSA package (along with other modules e.g. Order tracking,
Torsional vibration, etc.).
The Dewesoft Modal Analysis module comes as a separate license and is not included in the DSA package.

Why estimate a modal model?

Why use the Modal Analysis module to estimate modal parameters instead of just using the parameter values found with the
tools from the Modal Test module? This depends on the test structure, if it's structural dynamic behaviors are relatively "simple”
or more "complex".

SDOF (Single Degree Of Freedom) Fitting
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SDOF curve fitting (supported in the Modal Test module) can be used on simple structures with well-separated modes having
only small mode overlaps, or at certain frequency bands where the structure fulfills such requirements. At resonance
frequencies simple structures will behave like a SDOF system. For SDOF systems the Modal Circle widget can be used to
indicate acceptable resonance and damping values.

When structures are lightly damped (<1 % damping) this often causes the present modes to have small overlaps - the modes are
said to be lightly coupled.

MDOF (Multi Degree Of Freedom) Fitting

MDOF curve fitting (supported in the Modal Analysis module) should be used on complex structures with closely spaced modes
and with heavily damped modes which cause overlaps between modes. MDOF curve fitting can be used at certain frequency
ranges where such characteristics occur or over the full frequency range.

MDOF fitting is done by estimating a modal model, which can separate all modes (also overlapping modes) from each other and
hereby determine valid modal parameters even though the modes are closely couple. This is not possible for the SDOF fitting
methods.

Y
H(f)

MDOF Il FRF Curve
B Mode 1 Fit
B Mode 2 Fit
H Mode 3 Fit

SDOF —

__—-_-_"_“—_"—————._

»
Frequency
Sketch of an FRF curve and three-mode fittings. The first mode fit is well separated from the other modes and an SDOF fit can be used

in this frequency band. Mode fit 2 and 3 are closely spaced and an MDOF fit should be used in this frequency band.
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Modal parameter estimation

Modal parameter estimation becomes relevant when measured FRFs contain overlapping modes. If modal parameters for
complex structures are estimated as being SDOF systems (by using e.g. the Modal Circle fit method and quadrature picking),
then other modes close by will affect the mode estimation and results will be inaccurate.

In order to estimate modes of complex structures without getting affected by other closely coupled modes, MDOF curve fitting is
used where a series of SDOF systems are optimized to fit/mimic the CMIF best possible. The number of SDOF systems in the
final estimated model is based on the number of poles (and hereby modes) selected on the Stabilization diagram.

By being able to describe measured FRFs (that have a mix of overlapping modes) with a series of SDOF systems, it becomes
possible to accurately estimate each mode without they are being affected by other nearby modes.

One of the main parameters used in curve fitting is the Order, also referred to as Iterations or Modal Size, which defines the
polynomial order of the fitted mathematical function. Order needs to be set high enough to be able to fit the function to all modes
included in the selected frequency range/band, and also high enough to compensate for the residual effects of modes that lie
outside of the selected curve fitting band.

But if the fitting order is set too high, the fitting function will begin to fit noise in addition to the modes and will represent non-
physical Computational Modes as well.
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DewesoftX Modal Analysis setup

In order to get started with DewesoftX Modal Analysis, add the Modal analysis module like shown below:

M

-

e

Remove

_ [modal

Q Modal analysis

{0} Time ODS

wdd module | Apalysis defaults

Adding Modal Analysis to the current setup

Note that modal analysis output channels will only be calculated after measurements has been acquired, using the related

datafiles in Analyze mode.

The modal analysis setup has a table containing added FRF functions to the left and General settings on the right side.

Offiine Setup ~ Rename

Add all TFs
Add Remove a Q,

Channel Excitation node | Response ... | Estimator Type Used | Preview
TF_H1_IX+/1Z+ 142 14X H1 Accelerance True Enable
TF_H1_IX+/2Z+ 2+Z 14X H1 Accelerance True Enable
TF_H1_1Y+/17+ 1427 14 H1 Accelerance | True
TF_H1_I¥+/22+ 247 147 H1 Accelerance | True Enable
TF_H1_12+/17+ 142 142 H1 Accelersnce | True Enable
TF_H1_1Z+/2Z+ 242 142 H1 Accelerance True Enable
TF_H1_2X+/1Z+ 1+Z 24X H1 Accelerance True Enable
TF_H1_2X+/27+ 217 24X H1 Accelerance | True Enable
TF_H1_2¥+/1Z7+ 147 24 H1 Accelerance | True Enable
TF_H1_2Y+/27+ 247 24 H1 Accelersnce | True Enable
TF_H1_2Z+/1Z+ 142 242 H1 Accelerance True Enable
TF_H1_2Z+/2Z+ 247 247 H1 Accelerance True Enable
TF_H1_37+/17+ 1427 3427 H1 Accelerance | True Enable
TF_H1_37+/27+ 247 3 4% H1 Accelerance | True Enable
TF_H1_+/17+ 142 4.4 H1 Accelersnce | True Enable
TF_H1_4+/2Z+ 242 EESY H1 Accelerance True _
TF_H1_4Y+/1Z+ 1+Z 447 H1 Accelerance True Enable
TF_H1_ 4 +/27+ 217 44y H1 Accelerance | True Enable
TF_H1_47+/17+ 147 447 H1 Accelerance | True Enable
TF_H1_4Z+/2Z+ 242 442 H1 Accelerance True Enable

TE M1 Svaii7a

1a7

5 av

H1

Arralarana

Frzhla

Transfer functions table

Entire range [[pamping correction

Lowest Frequency [o00  |He
B —— e

Transfer function matrix | Calculations

Modal Analysis setup

In the Transfer functions table you must add the measured FRFs you want to use from Modal Test. This can be done either by

pressing Add all TFs, which will import all measured FRFs in the datafile, or by pressing Add, which will add one row to the table

for you to assign an FRF to.
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The measured FRFs you want to include in the modal model estimation process should be set to Used -> True.

The Transfer function preview tab will show the FRFs that are set to Preview - > Enabled (>>) which can help with determining the
relevant frequency range to include for the estimation proces. The Preview will also illustrate which modes are present between
all FRFs (global modes) and which are only found at one or few FRFs (local modes).

When performing global mode curve fitting all FRFs should contain the global modes. Otherwise, the global estimation might be
inaccurate.

General settings

Under General settings you start with selecting the frequency range for the analysis. Maybe the full range must be analyzed or
maybe only a certain frequency region is of interest.

The Damping correction parameter should be enabled if you have used the Force + Exponential FFT window for the measured
FRFs.

General settings

| Entrerange | [ Damping carrection
Lowest frequency (0,00 Hz
Highest frequency |250,00 Hz

Transfer function preview | Transfer function matrix | Calculations

Stabilization
Max order Frequency tolerance  Damping tolerance

|70 | [o,010 |Hz |o,100 |

I

Type Used |
CMIF Offline
FRF synthesis Offline
Mode shapes Offline
AutoMAC Offline

General settings for Modal Analysis setup.

Calculations tab

Under the Calculation tab you can adjust settings for the Stabilization Diagram, and which output functions you want to include.
We will get back to the Stabilization diagram in the next section.

¢ Max order - Increasing the order of the curve fit will also increase the number of calculated poles to select between in the
Stabilization diagram. When the calculated poles begin to only change a little between individual neighbor orders, then the
poles are said to be stable.

¢ Frequency tolerance - Defines the limit for how much neighboring poles must deviate in frequency in order to be Frequency
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stable poles.

e Damping tolerance - Defines the limit for how much neighboring poles must deviate in damping to be stable poles with
respect to damping.

The Outputs section determines which output functions that will be calculated. Offline means that the function is calculated in
Analyze mode - like we do when using the Modal Analysis module. The function type will not be calculated if it is set to Unused.

e CMIF - Complex Mode Indicator Functions (CMIF), have one function for each reference DOF included (poly reference) and
can help identifying closely coupled modes and repeated roots. CMIF is based on Singular Value Decomposition (SVD) of
all the Used FRF functions, to identify all modes included in the model test measurements. The CMIF functions have peaks
at resonances - indicating poles of the DUT.

¢ FRF synthesis - FRF Synthesis is used as a validation tool by comparing the FRFs from the estimated modal model (the
synthesized FRFs) with the real measured FRF data.

¢ Mode shapes - Outputs the mode shapes for the modes selected on the stabilization diagram - based on the estimated
modal parameters.

e AutoMAC - The Modal Assurance Criterion (MAC) is used to determine the similarity of two mode shapes. "Auto" in
AutoMAC means that the two mode shapes comes from the same test.
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Stability Diagram

You use the Stabilization Diagram (or SD) to determine what the modal parameter identification should be based on. It helps with

identifying stable poles and thereby consistent modes which can be used for the modal parameter estimation process.
The poles consist of the modal frequency and damping. When the poles are green circles it fulfills the tolerance settings for
stable frequency and damping, as specified under General settings in the Modal Analysis setup.

abilization diagram

Stability diagram widget, with poles (green and gray) for modal curve fits and CMIF data (red and orange)

You must select a stable pole from each mode you want to estimate, by left-mouse-clicking on the poles. When the set of poles
are selected press the Recalculate button and estimation process will be done, as shown below:
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On the stabilization diagram you can also display the CMIF curve(s) which help with overviewing the detected structural modes
when you are selecting poles for the estimation process. CMIF is based on Singular Value Decomposition (SVD) of all the Used
FRF functions to identify all modes included in the model test measurements. The CMIF functions have peaks at resonances -
indicating poles of the DUT.

CMIF outputs one function for each reference DOF included.

The stabilization diagram can be added to the Analyze - Review display by adding the widget as shown below:

Print Export

FE B & e

Auto recalculate Save Design Displays

|sta|:| 3] | Favorites | | Manage favorites

\_l Stabilization diagram

Adding a Stabilization diagram to the RHeview display.
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Modal model validation

When stable poles have been selected on the stabilization diagram and modal parameters have been calculated, you should
validate that the quality of the results by using Modal Assurance Criteria (MAC) and by comparing the synthesized FRFs with the
measured FRFs. If both MAC results and the synthesized FRFs looks good, then you have obtained representative resonance
frequencies, damping ratios and mode shapes for the individual modes of the structure - even though some modes are closely
coupled.

AutoMAC

AutoMAC is used to verify that the selected and estimated modes can be distinguishable with the amount of FRFs used. If too
few DOFs are measured two different modes might behave in the same way at the DOF nodes being measured. In such cases
multiple modes are not distinguishable and the modal estimation might mix mode information together.

To ensure an acceptable spatial resolution, enough DOFs must be used to detect unique mode characteristics for all modes.
Also, the DOF node positions have to be chosen in ways that detects all those modes and their differences between each other.

The AutoMAC results has a value between 0 and 1 for all mode pairs. A value of 1 means that the pair of modes are 100 %
correlated, and a value of 0 means that the mode pair do not have anything in common. In the picture below you see an
AutoMAC of a modal model with 9 modes. The diagonal mode pairs (mode 1:1 , 2:2 , ... 9:9) will always have a value of 1 since
the modes will always be 100 % correlated with itself. On the other hand, off-diagonal values (e.g. mode 1:2 and 3:5) should be
as low as possible to indicate that the estimated modal is based on data with distinguishable modes.

AutoMAC displayed with a 30 graph widget.
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Synthesized FRFs

FRF synthesis is a validation tool used by comparing the FRFs from the estimated modal model (the synthesized FRFs) with the
real measured FRF data. It is therefore possible to see how well the estimated model mimics the dynamics of the physical
structure. If the synthesized FRFs looks similar to the measured FRFs it verifies that the modes of the measured structure can be
described by the estimated model - This means that it has been possible to describe the structure successfully with a series of

SDOF systems, which have well defined modal parameters.

Measured (red) and synthesized (blue) FRF comparison. In this example the modal model is very nicely describing the

measured structural dynamics

Mode shapes

The mode shapes are estimated by an LSFD (Least-Squares Frequency Domain) method. The LSFD performs local estimates
based on individual FRF measurements together with the Global modal parameters (frequency and damping), which were

estimated by the MDOF global curve fitter.

The mode shapes for each mode are vectors consisting of complex values for each DOF point. The complex values describe how
the DOFs are moving relative to each other for a certain mode. In the illustration below estimated mode shapes of a complex
structure is animated. For each estimated mode a mode shape vector is determined and used for animation.
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Animation of estimated mode shapes.

Mode shape animation can help you with verifying the how the estimated modal describe the measured FRF data and FEM
models by comparing the animations of measured or analytical FRFs with the estimated mode shapes.
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Export of complex data

After the measurement is done the data can be exported to a lot of different file formats, e.g. UNV/UFF, Diadem, Matlab, Excel,
Text... The modal data results can be separately exported by Real, Imag, Ampl or Phase parts, whatever you prefer.

[Video available in the online version]

Dat ™

Export type Channels
i 3 - . ® 00
S —— Exportorder  Export order ‘ Ex... E|| Ch. no Mame Sampling [[5] Rate
Full speed data « N Absciut= time > 1 1 No MT (Modal test) Coherence_20Z+/1Z+ | Single value | unknown | Vet
2 2 MT {(Modal test) TF_20Z+/12+ Single value | unknown | Vec
Sattings 3 3 No MT (Modal test) Coherence_20Z+4/27+ | Single value | unknown | Vec
[JExport setup to xml fie 4 4 MT (Modal test) TF_20Z+/2Z+ Single value | unknown | Vec
Ignore gaps between triggers 5 5 No MT (Modal test) Coherence_20Z+4/3Z+ | Single value | unknown | Vec
L export per channel 3 3 d MT (Modal test) TF_20Z+/32+ Single value | unknown | Vec
Expart async channels to highest rate 7 7 No MT (Modal test) Coherence_20Z+/4Z+ | Singlevalue | unknown | Vec
] append type to channel name 8 8 d MT (Modal test) TF_20Z+/4Z+ Single value | unknown | Vec
g g No MT (Modal test) Coherence_20Z+/5Z+ | Single value | unknown | Vet
| ‘ 10 10 No MT (Modal test) TF_20Z+/52+ Single value | unknown | Vec

Exporting complex channels

In MS Excel, for example, FRF data will appear on a sheet called Single value. For each FRF, Real/Imag/Ampl/Phase is exported.

If you prefer it differently, data rows and columns can simply be exchanged in MS Excel by copying and using the Transpose

function from the submenu when pasting.

H

12,207

0,01226047 -0,04376284
0,03687299 0,00500704
0,0388579 0,04404834

3,0276749

| A | B | c D E L - |
1 \Frequency Hz 0 2,441 4,883 7,324 9,766 12,20
2 ;TF_lZ+f12+_ReaI g/N -2,4849606 -0,58888257 -0,33757547 -0,18308581
3 ITF_12+/1Z+_Imag g/N -0,38368255 0,97344095 -0,10276848 -0,19029871
4 ;TF_lZ+f12+_AmpI g/N 2,5144067 1,1377038 0,35287187 0,26407197
SUTE 174f17+ PhaselRad . .. | . . -2.9884005| . : 21148472 .. 28460755 (23368793 | 1,2437911  3,0276743
6
7 |Frequency TF_1Z+/1Z+ Real TF_1Z+{17+ Imag TF_1Z+/17+ Ampl TF_17Z+/1Z+ Phase
8 | g/N _— W—N —— Rad I
9| 0 -2,4849606 -0,38368255 2,5144067 -2,9884005
10 2,441 -0,58888257 0,97344035 1,1377038 2,1148472
11 4,883 -0,33757547 -0,10276848 0,35287187 -2,8460755
12 R | -0,19029871 0,26407197 -2,3368793
13| o) — 0,036872987 0,038857896 1,2497911
14 b s 0,005007039 0,044048339 3,0276749
15| IS | Pumocosecy -0,000328444 0,015436211 -3,1203136
16| = 12 | A 0,007050768 0,025219958 2,8582454
17 Inhalte einfagen o8 0,009580854 0,034467768 2,8599172
18| L 0,021826826 0,047330756 2,6622963
= Zellen ginfigen.:; ’ * i
28] 46,387  0,014677704 0,21595292 0,21645114 1,5029335
29 48,828 0,12720668 0,23750821 0,26942846 1,0730849
30 51,27 0,21473587 0,17970231 0,28000787 0,69681174
31 53,711 0,23269501 0,12583467 0,26453987 0,49572956
"iT'*"i_b'l'Eﬁﬁf',";“E'{f"é'ﬁﬁ';"ﬁﬁﬁ?wﬂiﬁﬂj_f' """""""""""""""" — M4Tm]

Export of complex data to MS Excel
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Export to UNV / UFF format

The Universal File Format (also known as UFF or UNV format) is very common in modal analysis. Depending on the header, it can
contain either transfer functions, coherence, geometry, ... or various other data.

The following example shows how to export data recorded by
and how to display it there.

into Vibrant Technologies ME Scope analysis software

First, choose the UNV export from the export section and the option Export complex channels if you want to export phase, real
and imaginary part. Then select all your transfer functions (you can use the Filter and type TF for simplification). When clicking

on the Export button you will create a UNV datafile.

e Dewesoft X - Datafile Simulation mode = O *
Measure Data fles  Setup Print Options
# I = (W
Dewesoft Flexpro M5 Excel Clipboard | Export
UMY Export (=.unv) ~ tf ® @ @ @
Export order | Ex... [E] ch. no MName Samplng [E] Rate Data str... [ lal
Full speed data v | [ Absalute tme " 2 ‘fes MT {Modal test) TF_20Z+/12+ | Single value | unknown | Vector (1024) | Co
Real []imag [7]ampl [7]Phase 4 Yes MT (Modal test) TF_20Z+/27+ Single value | unknown | Vector (1024) | Co
[ Yes MT {(Modal test) TF_20Z+/32+ Single value | unknown | Vector (1024) | Co
WEsrss ma T 8 ‘fes MT {Modal test) TF_20Z+/42+ Single value | unknown | Vector (1024) | Co
Ignore gaps between triggers 10 Yes MT {(Modal test) TF_20Z+f52+ Single value | unknown | Vector (1024) | Co
LJExport per channel 12 ‘fes MT {(Modal test) TF_20Z+/62+ Single value | unknown | Vector (1024) | Co
[CJExport header 14 Yes MT {Modal test) TF_20Z+/72+ Single value | unknown | Wector (1024) | Co
[universal file format 585 16 Yes MT (Modal test) TF_20Z+/82+ Single value | unknown | Vector (1024) | Co
Export complex channels [e.g. Modal test] 18 ‘fes MT {Modal test) TF_20Z+92+ Single value | unknown | Vector (1024) | Co
Export "Dataset” Mowhere ~ 20 Yes MT (Modal test) TF_20Z+/10Z+ Single value | unknown | Wector (1024) | Co
Export “Start Time™ 2 Yes MT (Modal test) TF_20Z+/11Z+ single value | unknown | WVector (1029) | Co
Export "ChannelName™ 24 ‘fes MT {Modal test) TF_20Z+/12Z+ Single value | unknown | Vector (1024) | Co
26 Yes MT (Modal test) TF_20Z+/132+ Single value | unknown | Vector (1024) | Co
File extention
28 Yes MT {(Modal test) TF_20Z+/14Z+ Single value | unknown | Vector (1024) | Co
@ O 30 Yes MT (Modal test) TF_20Z+/152+ Single value | unknown | Vector (1024) | Co

Exporting to UNV file format

In the Geometry editor the structure can also be exported separately to the UNV format. This creates the UNV geometry file.

BT UNV Editor
File

Clear structure

Load UMV... | z Xangle @ Yangle | Zangle 2
Save UNV..
| m— b | o | o o] o]
:, [ Points X N z
d 1 1 0,2 1 0,4 16 0 o]
| 2 2 0,2 2 0,1 3 0 o]
3 3 2] 3 0 0 1] o]
4 4 0 4 1] 4] 1] 0
5 5 2] 3 0 0 1] o]
[ 1 0 [ 1] 0 1] o]
7 7 o] 7 0 [v] 0 o]
| 3 3 0 3 0 0 0 o]
| 9 9 a 9 a v} a 4]
10 | 10 0 10 0 0 0 o]
11 | 11 a 11 a [u] a o]
! 12 | 12 -0,2 12 0,1 -8 1] o]
L 13 113 n.z? 13 n.4 -16 i n

Export geometry as an UMV file.
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UNV files can be imported to a software application supporting UNV files (like ME Scope, N-Modal, ...).
In ME Scope click File -> Import -> Data block. Then select the UNV datafile.

Program MechaniCom Help ﬂ |:|= E E]
Mew »

Project Window | File

Structure..,
Data Blo%..
Shape Table...
Add File...

|Prﬂie[:t| |Demus

Import Project...

Import data block in ME Scope.

The transfer functions are now illustrated.

ing_harmm
MH#7 FRF 7Y:1Y

3elect | Visile | DOFs | Units | Mesurement | oq
Ype
mel |lYes] 1Y:1Y Ng x| FRF |x

[ wm |Bves] 2v1v N (=] FrF [~

[ m# |ves] 3v1y N [»| FRF [~
3 [ waa | ves) 4v1y g (=] fRF [~
3 [ w5 | ves) 5vay v x| FRE [
- [ wmas |[Mves] 51y N |»| frF [~
j’ [ wa7 |Dves) 7v1v N x| FRF (<[
i [ wm=s |lves] a1y N [»| FrF [~

0,01

1 1 1 1
1} 200 400 600 800

4] i ]

Imported transfer functions in ME Scope.

2. Then click File -> Import -> Structure and select the UNV geometry file.

Project Window | File | Edit Display Format Tools Transform Modes Acoustics

Dw [ N " R Tu/Ms|Pu L2 Bo Na &
| Pl'ﬂiBD’El | Dermos | Import L4 itm ture |
— |4 SaveDataBlock Data Block...

g7 SaveData Block As... =] ShapeTable..

@‘ Save Graphics in a File... G Add File..

By, ExportDataBlock... =F | Import Project...

B, ExporttoVSIRotate

Impaort the structure to ME Scope.

Now both data and geometry are successfully imported into ME Scope. Let's try to animate it, select Draw -> Animate
Shapes.



Draw Structure

ey 5
Dww (@ ¢ B o

| Pr{:ch:t| | Demos | |App|i{:a1jnn Motes

| STR: metal_beam - 30 View

Yiew: 3D Yiew

An mate Shapes
Compare Shapes

Drawing Assistant...
Points

Resize Selected Objects
Drag Selected Objects
Rotate Selected Objects...
Mesh Objects
SubStructure

Animation Equations

,h”*"i‘aiiﬁ" e & ﬂ,ﬁk}.ﬁ BLK: FRF_r

SubStructure |

TR e T e i P

 Visble '

Select

) Wes) st I

i
Label ;Color ! Bold
| |

Animating the structure in ME Scope.

A pop up appears, and we select to match the structure and transfer data. Equations are created.

Graphical Assignment.

Animation Source

Image 102: Match structure and DOF

Image 103: Measured animation created

Finally, you can select a peak on a transfer function and enjoy the animation.

{0 STR: metal_beam - 3D View, - [Dwell] BLK: FRF_roving_hammer

=¥

T
Select | |
SubSnure | VS | lsbel  Cdor

e==sae ol =
) e GRS

ME1 FRF 1Y:1Y

41 Nig
332 Hz

Log Magnitude Ny

Hz

Nl selet ‘\aﬁsb\e | pors | s | Messuroment | ¢
H| Trace. | | | Twe

wet [lves] v g =] e [~

sz |Mles] 2v1y W (=] frr (<[

| S EAAIC I e |

et | [lves] 4vy N -] e [

g5 | les] 5wy o (7] frr [

] S RAAIC e |

a7 ) [lves] 7Y N -] frr o [

[ me | [ves) evay nae (<] fRr [~

b | IEN [

Animation of a structure at a selected peak in ME Scope.
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Example - Imapct hammer measurement

In order to get a better understanding of modal measurement procedures, this section shows how to use the mentioned modal
test controls and tools step-by-step.

As an example, let's say we want to analyze this metal sheet structure in the picture below. At first, we define the direction of
analysis (orientation up/down, Z-axis), then we put it on a soft rubber foam such that it can vibrate freely. Alternatively the plate
could be hanging in rubber bands to achieve more free structural vibrations, but for this example the foam is ok.

Now, mark node points on the structure, in our case from #1 to #24. With increasing number of DOF points, the spatial resolution
becomes better. With insufficient DOFs used there will not be enough information to describe and animate all modes separately.

It is also helpful to write numbers (Node IDs) next to the points. They should be consistent with the structure, channel setup, and
Modal geometry in software.

Impact hammer modal measurement on a metal plate

In this example we use a roving modal hammer and one reference response accelerometer to perform a SISO modal test. The
hammer will make a series of impacts at all nodes while the accelerometer will be mounted at a fixed location.

We define the sampling rate as 5000 Hz. Name the hammer and accelerometer in the channel setup and apply correct sensor
scaling. In our case, both the hammer and accelerometer are IEPE sensor types with TEDS, so the sensor data including scaling
is automatically handled by Dewesoft. The hammer is measuring the force in N and the accelerometer measures the acceleration
ing.
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To manually configure the sensors go to Channel setup and enter the Setup.

5000 ~ ?;g;ﬁ":‘h’ Balance amplifiers = Shorton | Zeroal | Resetzeroal

(Hz)

Q
D Used C | Sample ... Name Ampl. name  [F] Range [[E] Measurement [[5] Min Values Max Physical quantity Units | Zero [[Z] Setup
1 Used 5000 Modal hammer SIRIUS-ACC+ 10000 mv IEPE -904,83 0,00 904,83 Force M Setup
2 Used 5000 Accelerometer SIRIUS-ACC+ 10000 mY IEFE 978,22 0,00 978,22 Acceleration mfs2 Setup

Channel setup for the measurement example.

In Modal Test setup (MT) choose the Impact hammer Test method and check on Roving hammer/response. Make some test
impacts and set the trigger level somewhere below the max value of these impact levels. We will do 4 hits at each point, which
are then averaged. The FFT number of lines is set to 1000 giving a window length of 0.4s, and a line resolution of 2.5 Hz.

‘ Exditation | Response | Transfer functions ‘ Geometry editor |
Test method Pretrigger Trigger level Second hit level Window Window length Window decay
Impact Hammer = |2 ~ | % |ZU |N ‘5 | N Force +Exponential ~ |ZU | % |1 %
[+ Roving hammer fresponse 40 samples
Resolution @ Autofill.... Q Show message if exdtation exceeds N
Spectral lines ~ Mode ID | Direction | Sign Input Physical quantity | Units Group
lines: 1000, df: 2,5Hz, duration: 0,45
1 Z + Modal hammer Force N 1-172+
Averaging type
. 2 z + Modal hammer Force N 227+
Linear ~
[stop after 3 z + Modal hammer Force N 332+
ava. 4 z + Modal hammer Force M 4474
5 z + Modal hammer Force M 5-5Z+
[ z + Modal hammer Force M -6+ B .
Excitation esponse | Transfer functions | Geometry editor
Qutput Used I—‘ - | i |
7 z + Modal hammer Force M -T2+
H1 transfer functions Used
8 z + Modal hammer Force M 8-87+4 @ Autofill,.. Search Q
H2 transfer functions * Unused 5 z Modalh = u P
e w— " , * Mndal hammer :FEE . - m: Mode ID | Direction | Sign Input Physical quantity | Units Group
. * odal hammer orce -+ 1 E + Accelerometer Acceleration mjs2 17+
Multiple coherence * Unused
1 z + Modal hammer Force N 11-117+
Power spectral density Unused
12 z + Modal hammer Force N 12-127+
Ordinary mode indicator function Used
13 Z + Modal hammer Force N 13-132+
Intermediate Fourier transforms Unused
14 Z + Modal hammer Force N 14-142+

Qutputs marked with * reguire a lot of
computing power. Consider disabling them
during measurement and enabling them in
analysis mode,

Window
Input

Window

Input

Trigger level
Double hit level

Now that the excitation and response points are defined, go to the Geometry tab under Modal Test to create the plate geometry.
In this example the plate can easily be created by entering the Object Editor under the Objects tab. Here, a plate object can be
defined with the right size and number of nodes.
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| Excitation | Response | Transfer functions ‘

File  Tools
| Objects | | Lines | Surfaces |
@ @ ] 5how unused points Add Cartesian C5 Add Cylindrical €5
+ | L | Mo... ¥ ¥ Z ¥angle | Yangle | Zangle | Object... State
- Ca... 0,00 0,00 0,00 1] a 0
a0 1 0,00 0,00 0,00 1] a 0 1 Measured
=l 1 2 0,00 1,00 0,00 1] a 0 1 Measured
= 2 3 0,00 2,00 0,00 1] a 0 1 Measured
= 3 4 0,00 3,00 0,00 1] a 0 1 Measured
= 4 5 0,00 4,00 0,00 1] a 0 1 Measured
=| 5 B 0,00 5,00 0,00 o o 0 1 Measured
= 6 7 0,00 6,00 0,00 o o 0 1 Measured
a| 7 8 0,00 7,00 0,00 o o 0 1 Measured
=| 8 9 1,00 0,00 0,00 o o 0 1 Measured
=) 9 10 1,00 1,00 0,00 o o 0 1 Measured
=] 1 11 1,00 2,00 0,00 o o 0 1 Measured
s 1 12 1,00 3,00 0,00 1] o 0 1 Measured
s 1 13 1,00 4,00 0,00 1] o 0 1 Measured
s 1 14 1,00 5,00 0,00 1] o 0 1 Measured
s 1 15 1,00 6,00 0,00 1] o 0 1 Measured
a1 15 1,00 7,00 0,00 o o 0 1 Measured
= 1. 17 2,00 | 0,00 0,00 a a 0 1 Measured
a1 18 2,00 1,00 0,00 a a 0 1 Measured
a1 19 2,00 2,00 0,00 a a 0 1 Measured
a1 20 2,00 3,00 0,00 a a 0 1 Measured
a2 21 2,00 4,00 0,00 1] a 0 1 Measured
s 2. 22 2,00 5,00 0,00 1] a 0 1 Measured
a2 23 2,00 5,00 0,00 1] a 0 1 Measured
Left dick: select node. Right dick on node: open context menu.

a2 24 2,00 7,00 0,00 1] a 0 1 Measured

Now it's time for some test hits to get familiar with the setup. Go to Measure mode, without storing, and select the pre-defined

Creating the geometry of the plate

display template for MT - Impact Hammer. When you do a test hit that exceeds the trigger level then data will be displayed in the

graph widget.

From the time the first DOFs are measured the structure will begin to be animated.
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Calculated

RNV PN e s o soveso e e aremaremareeaee

ext: excitation poir lext response poin

.

REset point

T T . Index & e sample rate Status

Al N 5000 92,1 oK

REjECt Ia St A2 0 is2 5000 -280 > oK

Frequency: 0,0 Hz

mage 110: Pre-defined display for impact hammer measurement

To be sure that the FFT block length covers the entire impact and related output response you can look at the scope displays in
the upper right corner of the displa template. If not the full impact energy is covered the FFT block duration should be increased
(use a higher line resolution or lower sampling rate).

Now we are ready for the measurement. Start storing and do 4 hits on point #1. The scope and FFT graphs will be updated after
each hit, so you can visually check for double-hits or bad hits and reject them. If you hit the wrong point, you can also reset the
whole point. After clicking the Next point button, the point number increases, always showing you the current transfer function.

The procedure can also be described by a flow chart:
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N

— Do a hit

F

No Click ,Reject last” or
»Reset point”

Yes

Yes Click
»~Next point”

Last point
done?

No

Done

Maodal test measurement procedure

When finished, go to Analyse mode. Automatically the last stored file is reloaded. Now you might want to modify the screen for
further investigation. The screen below gives an idea. It shows the first four transfer functions (TF12-1, 12-2, 12-3, 12-4) with
amplitude and phase. Below the MIF is shown for easily finding the modes. Just click on the peaks (with the widget set to
Channel cursor mode), on the lower right side, the modal circle calculates the exact frequency and damping.

Bode plot

+ [gad]oo0

1 TF _12Z+f22+; [gd000
Fi

1 TF_12Z+52

1249 390

Bode plot

+12Z+; [Deglan

2

~1B0F _12Z+/3Z+; [Degh 80

-180F _12.

o ST, R || "ottt e " s s S Y
1249,350 ! 2458779

Frequency [Hz]

Fraquency [Hz]

Bode plot

= i '
0,000 624695 1249,390 1874084 2438779

Frequency [Hz]

Freq: 236,78 Hz g "
Damping: -0,039217 T

Maodal test results in Analyse mode

Here are some of the mode shapes animated.
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237 Hz

814 Hz

[Video available in the online version]

1005 Hz

Animation of different mode shapes

731 Hz

1248 Hz
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Example - Shaker measurement

This is a practical example showing the Shaker Test method. The Analog out of a SIRIUS DAQ instrument (Dewesoft AO) is

connected to an audio amplifier which drives a loudspeaker. On the membrane, a metal structure (metal beam) is mounted on a
force transducer (excitation) and two acceleration sensors (responses).

In the Analog in Setup section tab, we define our force sensor and the three accelerometers. They are all of IEPE type. As we

‘_

SIRIUS DAQ
|
, acc | A4
|
|
I
I acc | Al3
|
|
| acc | Al2
|
|
|

force All
I transducer
|
|
| Dewesoft
: AO AO 1
(I

R — |

structure

Setup of the measurement example, using a loudspeaker as shaker playing the Dewesoft AD

signal.

want to analyze our structure up to 1000 Hz, we select a sampling rate of e.g. 5000 Hz.

Next, we add a Modal test module and select the Shaker Test method. The FFT window size gives 1000 spectral lines which
results in a resolution of 2.5 Hz. We select Dewesoft AO as Excitation source, and choose the Sine sweep Waveform. The

Store Save Save as Storing Analog in Math MT Mare... Remove
?;;gﬁfﬁ’ Balance amplifiers || Shorton | Zeroal | Reset zero all
(kHz) [+]

|Sea|'c|'| Q
D Used Stored C Sample rate MName Ampl. name 5
i Used Store 5000 Force DEMO-SIRIUS-AC...
2 Used Store 5000 Acc 1 DEMO-SIRIUS-AC, ..
= Used Store 5000 Acc 2 DEMO-SIRIUS-CHG
4 Used swre [ 5000 Acc 3 DEMO-SIRIUS-STG. .
T

Analog in section tab for setting up the sensors.

sinusoid is set to sweep logarithmic from 10 Hz to 1000 Hz. The Node IDs are entered according to the structure, the direction is

Z+ for all.
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Response | Transfer functions | Geometry editor

Test method Excitation source Waveform Start freg. Stop freq. Sweep type Sweep time

Shaker b Dewesoft AQ ~ | | Sine sweep w 10 |Hz |IDDD Hz | Logarithmic - S

[Jroving response

Start time Stop time FFT window Signal overlap

Resolution S 5 Hanning ~||66,7 LS
Spectral lines w~ | 1000

lines: 1000, df: 2,5 Hz, duration: 0,4 s

Averaging type @ Autofil... | Q Show message if excitation exceeds M

Linear w~

Mode ID | Direction Signi Input Physical quantity Units AO channel AO amplitude
[ stop after

_ 1 Z + Force Force M AD1 1,00V

Excitation Transfer functions | Geometry editor
Cutput Used
H1 transfer functions Used @ Autofil a
H2 transfer functions * Unused
Mode ID | Direction Signi Input Physical quantity Units
Ordinary coherence Used
1 z + Accl Acceleration m/s2
Multiple coherence * Unused
2 Z + Arc 2 Acceleration m/s2
Power spectral density Unused
3 z + Acc 3 Acceleration m/s2

Ordinary mode indicator function | Used |

Intermediate Fourier transforms Unused

Modal test channel setup for the shaker measurement example

Now lets draw i simple geometry by enterring the Geometry editor tab under the Modal Test setup module.

Excitation | Response | Transfer functions

File  Tools
Objects Lines | Surfaces
@ @ Show unused points Add Cartesian C5 Add Cylindrical C5
+ | L | Mo... X ¥ z ¥Xangle | Yangle | Zangle | Object... State
4 Ca... 0,00 0,00 0,00 a a a
i} 1 1,00 0,00 0,00 0 0 0 -1 Measured
1 2 2,00 0,00 0,00 0 0 0 -1 Measured
3 3,00 0,00 0,00 i} i} i} -1 Measured

Left dick: select node. Right dick on node: open context menu.

Creating the geometry for the shaker test example.

Now we are ready to measure. When you click the store button, the function generator will start, the AO will sweep from 10 to
1000 Hz. The transfer functions will smoothen from left to right side, here you see a snapshot currently at 357 Hz.
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Measurement screen during the shaker measurement

Finally, we can look at the result. The coherence related to the excitation looks very nice. The green line (MIF) indicates mode
shapes, click on the peaks and the structure will be animated.
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