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Warranty
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Copyright
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Support

Customers with valid software licenses will obtain free and unlimited email support for any
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1.Browsing ModalVIEW

When ModalVIEW is launched for the first time, it must be activated before further
operation. For the details about software activation, please refer to Getting Started
with ModalVIEW.

1.1 Project Workbench

With a valid license, ModalVIEW can be normally started. When the ModalVIEW
system is launched, the splash screen will show the information of version, copyright
and license type.

The project workbench window, shown in figure, appears when the splash screen is
closed. A default blank project is opened for you to start with. All work in
ModalVIEW is done in an opened project. A project defines a group of structure file,
measurement file, data file, mode shape file, report file and movie file, etc, which are
generated during measurement and analysis operations.
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Figure 1-1 Project workbench window
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There are four work areas in the project workbench window including file list, status,
quick tour wizard and quick start wizard. The names of all the files that belong to
current project will be shown in the tree list. In quick tour wizard of the project
workbench, you can open help manuals and load demo examples by using wizard
items. In quick start wizard, a series of wizard items guide you to perform modal
testing and analysis step by step.
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The project workbench window is minimized with quick tour and quick start work
area being retracted, when other operating windows are opened, such as structure



view window, data view window, etc. The project workbench window is restored
when you close all of other operating windows. When the project workbench window
IS restored, it is always floating above other operating windows.
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Figure 1-2 Floating project window

Project and file types

ModalVIEW uses a project to mange all kind of files used in modal testing and
analysis process. File types contained in ModalVIEW project includes: structure file
(*.str), measure config file(*.acq), data file(*.dat), mode shape file (*.mod), report file
(*.doc) and movie file (*.avi), etc. For example, the following ModalVIEW project
include a structure file (plate.str), a data file (freq response.dat) and a mode shape file
(mode.mod).
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I Setups (*.acq)
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A ModalVIEW project consists of a project file, a group of files and directories on
hard disk. As following figure shows, a project named ‘plate’ consists of a plate.prj
file and a group of directories. All kinds of files in project are stored in corresponding
directories.
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A
NOTE: Do not manually delete or rename files in each directory. Please
perform file operation in ModalVIEW.

Each ModalVIEW project should be stored in separate directory in order to avoid file
confliction. For example, two projects (abc.prj and plate.prj) are stored in ‘abc’ and
‘plate’ directories, respectively.
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The status column in project tree displays the file status in project, as Figure 1-3
shows. NA represents the file don’t exist on disk. x represents the file is marked as
‘deleted’. * represents the file is newly added to current project.
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Figure 1-3 File status in project

When selecting a file in project and clicking remove button & , the selected file will
be marked as “‘deleted’. The file will still be kept on hard disk and can be restored by

clicking button ﬂ before the project is saved.

After clicking project save buttonm, all the files with NA or x status will be
permanently removed from current project and deleted from the hard disk, and newly
added files will be copied to corresponding project directory on hard disk.

Create a new project
To create a new (empty) project

*  Execute menu item File | Project | New in project workbench window.

e Orclick New Project button ﬂ on the toolbar.

An empty project is shown in project workbench window as following figure.
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When the new project is initialized, ModalVIEW create a project file and a group of
folders on the disk. The default project name is “untitled.prj”. The folders are used to
storing different data file such as structure file, measure config file, data file, mode
shape file, report file and movie file.



Open a project
To open a previously saved project from disk

e Execute menu item File | Projil Load... in project workbench.
o

* Orclick Load Project button on the toolbar.

A file open dialog is displayed to prompt you to select a project file. When the project
is opened, all data files belonging to current project are shown in the tree list, as
Figure 1-4 shows.
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Figure 1-4 Files in project

Open recently accessed projects

You can quickly load most recently opened ModalVVIEW projects from menu items
from File | Recent Projects, as Figure 1-5 shows.
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Figure 1-5 Recently opened projects

The records of five recently accessed projects are kept by default. The default number
of accessed projects can be changed in the system settings of ModalVIEW.



Save current project
To save current project to its file to disk

*  Execute menu item File | Project | Save in project workbench.
e Orclick Save Project button ﬂ on the toolbar.
Save project operation only save dependencies for contained data files to project file.

This operation does not save each data file to its disk file. If the project is newly
created, ModalVIEW prompt you to save it as a new project file first.

To save current project to disk with a new project file name

» Execute menu item File | Project | Save As... in project workbench.

A file open dialog is displayed to prompt you to select file path and desired new file
name. Type the file name in File name box and click Save As button. ModalVIEW

create a new project file and a group of subfolders on the disk. All the data files
contained in project are duplicated and saved in the corresponding folders.

A
NOTE: To avoid conflict of created subfolders for each project, create a
separate folder for each project file on the hard disk.

Add data file to project

Besides creating new data files using ModalVIEW, previously saved data files can be
added to current project. Execute menu items as Figure 1-6 shows to add different
data file to current project.
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Figure 1-6 Add file to project menu

After data file is added to current project, the file name is displayed in tree list with an
asterisk mark as Figure 1-7 shows. The newly added data file is not copied to
corresponding subfolder associated with current project until current project file is
saved and asterisk mark disappears.
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Figure 1-7 Status of newly added file

Rename data file in project

To rename data file in current project,

*  Select corresponding file name in tree list, execute menu item File | Rename...

project workbench.

e Orclick Rename File in Project button @ on the toolbar.

A dialog box is shown to prompt you to input a new file name. Type the new file
name in New File Name box and click OK button, the data file name is changed
accordingly.

Mesw File Mame

[ [ 4 ] [ Cancel ]

in

@ NOTE: The newly added files can not be renamed.

Remove data file from project
To remove selected data file from project

e Select the file to be removed in the file tree list.
e Execute menu item File | Remove in project workbench.

¢ Or click Remove button ﬂ on the toolbar.

After the file is moved from current project, the file name is displayed in tree list with

an x mark as Figure 1-8 shows. The newly removed data file is not deleted from




corresponding subfolder associated with current project until current project file is
saved and x mark disappears.
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Figure 1-8 Status of deleted file

Before the project is saved, the removed data file can be recovered back to the current
project.

To recover removed data file back into current project

*  Select the removed file in the file tree list.
e Execute menu item File | Unremove in project workbench.

¢ Or click Unremove button ﬂ on the toolbar.

Open measurement window
To open the measurement window
*  Execute menu item Operate | Measurement... in project workbench.

For operations in measurement window, please refer to section Measurement
Window.

Open structure view window
To open the structure window
*  Execute menu item Operate | Structure View... in project workbench.

You can also double click the structure file in the Structures folder in the tree list.
The structure window will be opened with the selected structure file being loaded.

For operations about structure view window, please refer to section Structure View
Window.

Open data block window

To open the data block window



*  Execute menu item Operate | Data View... in project workbench.

You can also double click the data file in the Measures folder in the tree list. The data
block window will be opened with the selected data file being loaded.

For operations about data view window, please refer to section Data Block Window.
Open mode view window

To open the mode view window

e Execute menu item Operate | Mode View... in project workbench.

You can also double click the mode file in the Modes folder in the tree list. The mode
view window will be opened with the selected mode file being loaded.

For operations about mode view window, please refer to section Mode View
Window.

Open modification view window

To open the structure modification view window

*  Execute menu item Operate | Modification View... in project workbench.

You can also double click the structure modification file in the Modification folder in
the tree list. The modification view window will be opened with the selected structure

modification file being loaded.

For operations about modification view window, please refer to section Modification
View Window.

Open image view window
To open the image view window
*  Execute menu item Operate | Image View... in project workbench.

You can also double click the image file in the Images folder in the tree list. The
image view window will be opened with the selected image file being loaded.

For operations about image view window, please refer to section Image View
Window.

Open report generation window
To open the report generation window

e Execute menu item Operate | Report Generation... in project workbench.



For operations about report generation window, please refer to section Report
generation.

Open report file

If Microsoft Word is installed, when double clicking the report file in the Reports
folder of tree list, it will be opened in Microsoft Word.
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Open movie file

When double clicking the AVI file in the Movies folder of tree list, the AVI file will
be opened in an associated media player.

Change system settings

To change system settings

e Execute menu item Operate | Options... in project workbench.

A dialog window is opened for you to change settings. Some settings do not take

effect until you close ModalVIEW and start it again. For operations about system
settings, please refer to section System Configuration.

Window arrangement
To change viewing of opened windows

*  Execute menu items under Window menu in project workbench
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There are four different viewing arrangements: for animation (tile left and right), tile
windows, cascade windows, and center windows.

Use quick wizards
Project workbench provides some quick wizards to guide you through a series of

operations, and finish modal testing experiment, analysis and report quickly and
easily.

Quick Taur
WM Gething Starked
‘ Operation Tutorid
Ck Diema Examples

Quisck Start

8 Drawing 20 Structure Model

W Performing Measuremant

=0 Thme o Spedira-Dasad 005 Animation

B orderbased O0S snimation

B Expedmental o Operstiona Modal Analysts
A Modal Shape Animation

% Gererating Anayss Report

To execute each wizard operation, move cursor to wizard item and click it.

e Getting Started opens Getting started with ModalVIEW Manual in PDF
reader.

e Operational Tutorial opens ModalVIEW Operational Tutorial Manual in
PDF reader.

e Demo Examples opens example finder dialog window for you to select
examples for demonstration, as Figure 1-9 shows.

= Example Finder
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Figure 1-9 Example finder
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Quick start wizard items provide user guidance for each step of modal testing and
analysis process, as following flow chart shows.

1.2 Measurement Window

Measurement window is used to perform data acquisition from the hardware front end
in modal testing experiment, as Figure 1-10 shows.
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[
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¥ Hergrituds Ireciers Tp= el Engresring Unt -~
Measure
Selection
Spreadsheet
List

Frequsncy (Hz) e [acdrmsnrenert | | Seectal | [ pewe |

Figure 1-10 Measurement window
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Measurement window contains displays of channel monitoring, measure monitoring,
measure parameter, measure status and spreadsheet list. Channel monitoring is to
display the data waveform acquired from selected channel. Measure monitoring is to
display the time record or FRF data newly measured or selected from measure list.
Double-hit detection displays the hammer impact status. Measure status displays the
status of data measuring process in modal testing experiment. Spreadsheet list
displays the measured time record or FRF data during testing experiment.

Connect acquisition front end
To refresh the available acquisition front ends in the Front End list

e Execute menu item Operate | Refresh Front End

*  Click button ~ on the toolbar.

To connect measurement window with acquisition front end

e Click Front End list box on the toolbar.

The available data acquisition hardware will be displayed in the list box and are ready

to use. The digit in the square brackets indicates the number of installed hardware
boards with same type.

Front End |[Mot Selected w
—— ./ Mot Selected -
PCI-4472[1]

N
NOTE: ModalVIEW only support National Instruments DSA hardware.

e Select an acquisition front end in the list.

After the front end being connected, the menu item Operate | DAQ Setup... and
M| Mt
Operate | Test Setup... and the button ﬂ =l | on toolbar are enabled.

To disconnect measurement window from acquisition front ends

¢ Click Front End list box on the toolbar.
e Select Not Selected item in the front end list box.

Load configuration file

To load previously saved configuration file for measurement

» Execute menu item File | Load Config...

13




A file open dialog is displayed to prompt you to select a configuration file in the
project.

B! Data Acquistion Setup

Fil ko Select

[ Select ] [ Cancel

@ NOTE: If selected configuration file mismatch available front ends, a

warning dialog will popup.

Loaded configuration doesn’® makch current front end, cankinue to load?

I ok | | canest |

Save configuration file
To save current data acquisition and test settings to configuration file
* Execute menu item File | Save Config

If current configuration is newly created, ModalVIEW prompt you to save it as a new
configuration file first.

To save current configuration to disk with a new configuration file name
* Execute menu item File | Save Config As...
A dialog box is displayed to prompt you to input desired new file name. Type the new

file name in File Name to Save box and click Save button, the configuration file is
saved accordingly.
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P Data Acquistion Setup

File Mame to Save

File Loczbon

[ Save ][Cannd ]

@ NOTE: If a duplicated file name exists in the project, a warning dialog is

popup to prompt you to select another file name.

Duplicated file exists in the project!

Copy channel settings to clipboard
To copy channel settings to Windows clipboard in spreadsheet format
e Execute menu item File | Copy to Clipboard | Channel spreadsheet...

The information of channel settings can be pasted from clipboard to other spreadsheet
program, such as Microsoft Excel.

Copy settings to report generator

To copy channel settings to report generator

e Execute menu item File | Copy to Report | Channel settings...

A dialog box is displayed to prompt you to input desired report item name. Type the

name in Report item name box and click Ok button, the channel settings is added to
report item list accordingly.
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Report Ttem Name

When report generator window being opened, the added report items are shown in
Available Report Items list. Please refer to section Report generation for more
details.

Available Report Ikems

D54 4472 - channel setkings

>

|

To copy test settings to report generator
e Execute menu item File | Copy to Report | Test settings...
Save measured data

To save measured time record or FRF data listed in the spreadsheet list to its file on
disk

e Execute menu item File | Save Measurement...

A dialog box is displayed to prompt you to input desired new file name.

B Data Block

File Mame to Save

File Location

[ Save ][Cannd ]
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Type the new file name in File Name to Save box and click Save button, the
measured data is saved accordingly.

Export measured data
To export measured time record listed in the spreadsheet list into TDMS file
* Execute menu item File | Export | TDMS...

A file open dialog box will open for you to create a TDMS file.

A
NOTE: Only measured time record can be exported into TDMS file.

Add measured data to spreadsheet
To save newly measured data into data spreadsheet list

e Execute menu item Edit | Add Measurement

«  Orclick button [AddMeasurement | ¢y hottom of spreadsheet list.

When newly measured data is added to data spreadsheet list, the symbol “ & ”for each
row of data disappears, as following figure shows.

Index Tvpe DiF Engineering Unik
o 0 FRF 12:12 WY
o 1 FRF 22112 WY

<

Index Twpe DOF Engineering Lnit
1 FRF 1212 WY
1 FRF 2212 WY

N
NOTE: If the newly measured data are not added to spreadsheet list, they

will be overwritten by next measurement.
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Edit spreadsheet list of measured data
To select all measured data in spreadsheet list

* Execute menu item Edit | Select All
e Orclick button at the bottom of spreadsheet list.

To unselect all measured data in spreadsheet
*  Execute menu item Edit | Select None
To delete measured data from spreadsheet list

* Select one or more items in spreadsheet list.
*  Execute menu item Edit | Delete

e Orclick button at the bottom of spreadsheet list.

Properties of measured data

To view or edit properties of measured data
* Select one item in spreadsheet list

* Execute menu item Edit | Properties...

e Or double click one item in data spreadsheet

Data block properties window is opened as Figure 1-11 shows.

B Data Block Proparties

Bhoeck Size (ines) | 512 -
Starting Freq (Hel| 0.00 s
Increment CH21 | 1,00 b=
Engingering Uni | VY v
Reenvirey DOF | 1

TR
-
£

Refierante DOF 0
Diascripkian

e ]

Figure 1-11 Data properties window

Configure data acquisition

After front end being connected, data acquisition parameters need to be properly
configured. To setup data acquisition parameters

18



*  Execute menu item Operate | DAQ setup...

AL
e Or click button ﬂ on toolbar.

DAQ Setup window is opened, as Figure 1-12 shows. The window has three tab pages,
Channel, Acquisition and Calibration.

Charnel | Aequistion | Calirstion Anphy ta Al

Denvicg CH Stahe  Coupling IEFE  Input Rerga  Sendithity  Engineerng Lok~
clrAG2Mad] o On aC 2 md +j-5Y 1000 =i fEL W
elAczMad1 1 an AC 2 ma, +i- 54 1000 i fEL W
DRGERG] 2 an AC Z ma e 5 1000 i fELL L
chadEHadl 3 on ac 2 m +H-5Y 1000 mifEL W

W

(T | = | = |

Figure 1-12 Data acquisition setup window

Channel tab contains channel spreadsheet. Each row contains all properties for a
single channel. Each channel is defined by device name and channel index. The
device name for front end is assigned by NI Measurement & Automation Explorer
(MAX).

To change the channel properties

* Select a row in spreadsheet, double click corresponding property item to change.

To change the channel properties in batch

e Select a row in spreadsheet, click button.

The properties of all the channels below the selected channel in the spreadsheet list
will be automatically changed as the same as the properties of selected channel.

Acquisition tab contains acquisition settings for sampling rate, block size, trigger etc,

as Figure 1-13 shows. Please refer to the chapter Performing Measurement for
details about configuring these parameters.
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Sampling Rate (Hz) 1024 -
Block Size (Peints) 1024 - ScopeMode ] Monitor Type | Time Record v
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Figure 1-13 Acquisition tab page

Calibration tab contains the spreadsheet of enabled channels. Each row contains a
single channel for calibration. The calibrated sensitivity can be set into channel
properties. Please refer to the section Perform channel calibration for details about
the process of calibrating an input channel.

Device Criginal Sersitivity Calibrated Sensitivity A
O I I
] d}HQEFD:I] 1000 ' EL Calibrate
] oaQeModl 2 1000 mY)EL .
O oagamdi 3 {020 ke : [ peccest
. <
Reference Sekkings
Frequency (Hz) Lewed {EL rms) Duration {sec)
1000 = 1 = -1 -

Figure 1-14 Calibration tab page

Setup testing experiment

Before starting modal testing experiment, measurement information such as testing
type, node number, DOF range etc, data processing such as windowing, averaging etc,
must be specified. According to specified testing information, ModalVIEW will
automatically create measurement sets, which define connections between acquisition
channels, sensors and measure points (DOFs) on the structure under test, to guide you
to finish measurement in batches.

To setup testing parameters

»  Execute menu item Operate | Test setup...
0k

e Orclick button = on toolbar.

Test Setup window is opened as Figure 1-15 shows. The window has three tab pages,
Measurement, Post-process and Measurement Sets.
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Figure 1-15 Test setup window

Measurement tab contains measurement settings for test type, node number, test
mode, DOF range etc. Please refer to the chapter Test setup for details about
configuring these parameters.

Post-process tab contains settings for windowing, data averaging etc, as Figure 1-16
shows. Please refer to the chapter FRF Measurement for details about configuring
these parameters.

Applying MAndow

Type ForcelExponential

1€

Dby Cycle (%) 1 -
Final Wak= 0 e
Averaging
Mode  Linear w | Count O -
Caleulste
Coherence [

Figure 1-16 Post process tab page

Measurement Sets tab contains the spreadsheet list for generated measurement sets,
as Figure 1-17 shows.
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Figure 1-17 Measurement sets tab page

To generate measurement sets

¢  Click button in measurement set tab, and click button SS2 to

view different set.
By default, starting from first acquisition channel, ModalVIEW firstly assigns

acquisition channels for measuring reference signals (from fixed excitation DOF or
response DOF), then for measuring signals from roving points.

When [13witch channeljs checked, ModalVIEW will assigns acquisition channels from
last channel.

To manually change the setting of each channel in measurement set
* Select a row in spreadsheet list, double click a property item and change it.
Start & stop acquisition

To start data acquisition

e Click button ﬂ on toolbar or select menu item Operate | Start

To stop data acquisition

« click button | ™" on toolbar or select menu item Operate | Stop

N
NOTE: When data acquisition is started and in trigger-waiting state, you

still can stop acquisition.
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Data logging
Data logging is enabled when data acquisition is in scope mode and measurement

type is Time Record. To continuously log measured data to disk after data acquisition
Is started

¢ Click button % on toolbar

The logged data length in second is displayed in measurement status window.

View measurement set

To view previous measurement set

e Click button ﬂ on toolbar or select menu item Operate | Previous Set.

To view next measurement set

»

e Click button on toolbar or select menu item Operate | Next Set.

Measurement Sek 1]

The current measurement set index is displayed in on the toolbar.

You can view status of current measurement set from status window, as Figure 1-18
shows.

Enabled Channels: 4
Sampling Rate: 1024 Hz
Block Size: 1024

Start Mode: Free Run
Measure Type: FRF - EMA
Excitation DOFs:

[1F.a

Response DOFs:

0Z 12 22

Average Count: 0/ 5

Figure 1-18 Measure status display

Modify monitor graph display

To change arrangement of channel monitor

e Click Arrange Monitor View button =1 above channel monitor
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The the view of channel monitors will be arranged in vertical or horizontal.

To modify the plot display of channel monitor

* Right click mouse button on the corresponding channel monitor, a floating popup
menu will display as following

4 Buto Scale

Zoam Inx
Zoam In ¥
Zoam Ok

Log Scale

¢ Show Window EFfect

e Select menu item Zoom In X, press mouse down and drag it along X axis. The
data plot will be zoomed in along X axis

e Select menu item Zoom In Y, press mouse down and drag it along Y axis. The
data plot will be zoomed in along Y axis.

e Select menu item Zoom Out, the data plot will be zoomed out into its original
state.

e  Select menu item Log Scale, the mapping of data plot along Y axis will be
changed from linear into logarithmic.

Select menu item Show Window Effect, the data plot of measured signal with
applied window will be displayed.

To modify the plot display of measure monitor

* Right click mouse button on the corresponding measure monitor, a floating popup
menu will display as following

S Buto scale

Zoam In ®
Zoam In ¥
Zoam Ouk

Log Scale - ¥
Log Scale - %

Show Cursaor

e Select menu item Zoom In X, press mouse down and drag it along X axis. The
data plot will be zoomed in along X axis

e Select menu item Zoom In Y, press mouse down and drag it along Y axis. The
data plot will be zoomed in along Y axis.
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e Select menu item Zoom Out, the data plot will be zoomed out into its original
state.

*  Select menu item Log Scale - X, the mapping of data plot along X axis will be
changed from linear into logarithmic.

e Select menu item Log Scale - Y, the mapping of data plot along Y axis will be
changed from linear into logarithmic.

e Select menu item Show Cursor, a vertical line cursor will displayed on the data
plot.

To specify display mode to view measured data

«  Select the listbox "Maanitude above measure monitor. The real part,
imaginary part, magnitude, phase and bode plot of measured FRF data can be
displayed.

Generate stimulus signal

To generate stimulus signal from hardware front end

*  Click button M on toolbar or select menu item Operate | Signal Generator...
For details about signal generator, please refer to section Excitation Window.
Connect to structure model

To display DOFs on 3D structure model matched with acquisition channel during
measurement

e Click button ﬂ on toolbar, structure window is opened for you to load structure
3D model.

When measurement set being selected, the DOFs matched with acquisition channels
will be indicated with measure axes as Figure 1-19 shows.
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Figure 1-19 Structure measurement guide

1.3 Structure View Window

Structure view window is used to draw and display 3D structure model, and perform
structure animation, as Figure 1-20 shows.

B Structure 30 View |1.. ||'E||[5:
Fie Edt Diplay  Annabion  Windos  Hep

Pig|mwmes  mMe o + S0 M| £ L | Fisna =

e ) snpltuts | spead || Mo Link, -

Structure View

xl

Figure 1-20 Structure view window
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Load structure file

To load previously saved structure file

e Execute menu item File | Load...

A file open dialog is displayed to prompt you to select a structure file in the project.

B! Model Structure x|

File ko Select

[ Select ] [ Cancel

Select a file in the list and click Select button, 3D model of the structure will be
loaded and displayed in the structure window.

Save structure model
To save structure model to its file on disk
e  Execute menu item File | Save.

If the structure file is not saved before, ModalVIEW prompt you to save it as a new
structure file first.

To save structure model to disk with a new file name
* Execute menu item File | Save As....

A file open dialog is displayed to prompt you to select desired new file name.
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B Model Structure

File Mame to Save

File Loczbon

[ Save ][Cannd ]

Type the desired file name into the File Name to Save box and click Save button.

@ NOTE: If there is a file with the same file name already in the project, a

warning dialog box will be shown to prompt you to change the input file name.

Duplicated file exists in the project!

Import structure from external files

You can import the 3D structure model from other external files, show it in the
structure view window and save the model data into ModalVVIEW structure file.

To import structure data from ASCII file

e Execute menu item File | Import | ASCII....

A file open dialog box will open for you to select ASCII structure file.
To import structure data from UFF file

* Execute menu item File | Import | UFF....

A file open dialog box will open for you to select UFF structure file.

To import structure data from STL file
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* Execute menu item File | Import | STL... in structure window.
A file open dialog box will open for you to select STL structure file.
To import structure data from SLP file

* Execute menu item File | Import | SLP... in structure window.
A file open dialog box will open for you to select SLP structure file.
To import structure data from Nastran bulk file

* Execute menu item File | Import | BDF... in structure window.

A file open dialog box will open for you to select Nastran structure file.

N
NOTE: Not all the data CARD defined in Nastran bulk file are supported.

For the details about UFF, ASCII, STL and SLP file format, please refer to section
Importing External Files.

Export structure to external files

To export structure data to ASCII file

* Execute menu item File | Export | ASCII....

A file open dialog box will open for you to create a new ASCII structure file.
To export structure data to UFF file

* Execute menu item File | Export | UFF....

A file open dialog box will open for you to create a new UFF structure file.
Copy structure to clipboard

The 3D structure model displayed in the structure view window can be copied into
Windows clipboard in Bitmap or spreadsheet data for other programs to use.

To copy 3D model into clipboard as a Bitmap
*  Execute menu item File | Copy to clipboard | Bitmap.
To copy structure data into clipboard in tab delimited format

e Execute menu item File | Copy to clipboard | spreadsheet.

29




Copy structure to report generator

To copy the image of 3D structure model to report generator

e Execute menu item File | Copy to Report | Structure View...

A dialog box is displayed to prompt you to input desired report item name. Type the

name in Report item name box and click OK button, the 3D model view is added to
report item list accordingly.

(3 x|

Report Ttem Name

[ or | | cance |

When report generator window being opened, the added report items are shown in
Available Report Items list. Please refer to section Report Generation Window for
more details.

Available Report Ikems

Plate - structure view

To select a group of modal shape views and copy it to report generator
*  Execute menu item File | Copy to Report | Shape View Arrangement...

A dialog box is displayed to prompt you to insert current modal shape view in
structure view window, as Figure 1-21 shows.

To add current view image into the group of mode shape images

* Input the name of shape view image, and click button. The shape
view will be added into shape view list.

To delete shape view from the shape view list
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e Select one item from shape view list, and click button. The shape
view will be added into shape view list.

Sh R - - . . .
apes pErRO decides how many shape views are arranged in a single row,
when overall shape view image is generated for testing report.

B Mode Shape Images

& List shape Mame
Freguancy (Hz): 340 A |quum(l—k:l: 340

i

Shapes per Rowe 3 ¢_ Tnserl |[ Delete ] | [0 ][ Help ]

Figure 1-21 Shape view arrangement

To copy arranged mode shape images to report generator
*  Execute menu item File | Copy to Report | Mode View...

A dialog box is displayed to prompt you to input desired report item name. Type the
name in Report item name box and click OK button, the shape view is added to
report item list accordingly.

Feeport Them Name

[ or | | cancel |

When report generator window being opened, the added report items are shown in
Available Report Items list. Please refer to section Report Generation Window for
more details.

Export animation movie

To create digital movie from structure view animation frames

e Execute menu item File | Export Movie...
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A dialog box is displayed to prompt you to input desired file name. Type the name in
New File Name box and click OK button.

e File Mame

After the AVI movie is created, a message box will show to prompt the AVI movie is
generated.

ANT File is generated!

Open structure editor
To open structure editor window for 3D model drawing

e Execute menu item Edit | Structure Editor...

e Orclick button ﬂ on the toolbar
The structure editor window will be displayed at the right of structure view window.

For the details about drawing 3D model structure, please refer to section Structure
Editor Window.

Open measure properties

To open measure properties window to set measure properties for points on 3D
structure model

*  Execute menu item Edit | Measure Properties...
i
e Orclick button ﬁ on the toolbar

The measure properties window will be displayed at the right of structure view
window. For the details about specifying measure properties of points on the 3D
structure model, please refer to section Measure Properties Window.

Open structure group editor
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To open structure group window to specify components and dummy substructures for
3D structure model

e Execute menu item Edit | Structure Group...
The structure group window will be displayed at the right of structure view window.

For the details about grouping substructures in 3D structure model, please refer to
section Structure Group Window.

Number point DOFs
To interactively number the nodes on the 3D structure model

e Execute menu item Edit | Number DOFs...
B
e Or click button _t2f | on the toolbar

A floating dialog box Number DOFs is opened.

B Mumber DOFs

Mexk Poink Murber: | =

( clesrtd || et || nep |

*  Click one node on the 3D model, its DOF number is changed to the Next Point
Number in the dialog box.

The Next Point Number is increased automatically. You can also manually change
Next Point Number at any time.

To clear all the numbers assigned to nodes

* Click Clear All button on the Number DOFs dialog box.

To stop node numbering

e Click Exit button on the Number DOFs dialog box.

The nodes on the 3D structure model can also be automatically assigned DOF number

in structure editor window. Please refer to section Structure Editor Window for
details

Quick assign measurements

To match measurements of the opened animation source (time record, FRF or mode
shape) to the nodes and its measurement direction on the 3D model

e Execute menu item Edit | Quick Assign M#...
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A -
e Or click button ﬁ on the toolbar

A message box will show to display how many measurements are successfully
assigned.

Assigned Measurements: 27

Interpolate unmeasured animation
To generate interpolated animation for the unmeasured nodes on 3D model

*  Execute menu item Edit | Interpolation...

] gt
e Orclick button ¥ on the toolbar

A dialog box will show to prompt you to specify interpolation range. That is how
many nearest nodes are used to calculate interpolated animation.

In Companent? [ ] gecides if interpolated motion of unmeasured nodes are computed
from the measured nodes belonging to the same component.

Partially Interpolation? [ ] 4o cides if interpolated motion of unmeasured nodes are partially
computed only for specified DOFs.

B! Interpolated Equations

Intarpolation Ramge
Tn Campanent? [ Partialy Tnkerpalation? [

Component Mumber af Mearest Painks DOF bo Inkerpalake

T

Murnber of Mearest Poinks |4

| Ok |[ Cancel H Help i

Input number of nearest points in the dialog box and click OK. The interpolated
animation is generated.

To enable display of interpolated animation during 3D model animation

e Execute menu item Animation | Interpolation
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Or click button = on the toolbar

Open color map editor

To edit the color map of the defined color scale in the display of model animation

Execute menu item Edit | Color Map Editor...

The color map editor window is displayed for you to specify color scale.

B Color Map Editor @

-,,ﬂ-
of | [ Do |
"-J|:| [#] interpalake
< (o)
<1

.{_

BT

o) e )b ]

Change structure model display

To change the view mode of 3D model displayed in structure window

e Click button @ on the toolbar.
e Or select menu items in Display | View Panel

To display 3D model in the center of structure window

*  Click button E on the toolbar.
e Or select menu items in Display | Center

To zoom the 3D model in the view

e Click button E on the toolbar, or select menu items in Display | Zoom

*  Mouse left key down and drag cursor from top to bottom, the 3D model will
zoom in.

*  Mouse left key down and drag cursor from bottom to top, the 3D mode will zoom
out.
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e Or scroll down mouse center wheel to zoom in 3D model, and scroll up to zoom
out 3D model.

To pan the 3D model in the view

e Click button Bl on the toolbar.
e Orselect menu items in Display | Pan
* Drag mouse cursor in the view.

To rotate the 3D model in the view

5 |
e Click button * | on the toolbar or select menu items in Display | View
*  Mouse left key down and drag cursor vertically.
e Or mouse down and drag cursor horizontally.

To restore the 3D model to its original view

e Click button g on the toolbar.
e  Or select menu items in Display | Return

To show points on the 3D model

e  Click button = on the toolbar.
e Or select menu items in Display | Points

To show surfaces on the 3D model

e Click button m on the toolbar.
e Or select menu items in Display | Surfaces

To show point label of each node on the 3D model

e Click button ﬂ on the toolbar.
e Or select menu items in Display | Point Labels

To show measurement axes of each node on the 3D model

e Select menu items in Display | Measure Directions

N
NOTE: Point label and measurement axes can not be shown with surfaces

on 3D model.

To change the vertical direction of coordinate axis
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k3 T z
e Click button ﬂi}* on the toolbar.

To display dummy structures defined for the 3D model

Full Skructure |+

*  Select corresponding item from on the toolbar

For the details about dummy structure, please refer to chapter Component &
Dummy structure.

Animate structure model
To start structure animation

¢ Click button % on the toolbar.

e Or execute menu item Animation | Run

To stop structure animation

e  Click button <“a on the toolbar.
*  Or execute menu item Animation | Stop

To change animation type

Sweep w

Select type list on the toolbar.

e Or execute menu item Animation | Mode | Sweep

*  Or execute menu item Animation | Mode | Sine Dwell

e Or execute menu item Animation | Mode | Stationary

For the details about each animation type, please refer to section Animation source.
To change scale mode of structure deformation

e Execute menu item Animation | Scale | Auto

*  Or execute menu item Animation | Scale | Relative

*  Or execute menu item Animation | Scale | Fixed

For the details about each scale mode, please refer to section Deformation Scaling.

To change the amplitude of animation

«  Adjust amplitude value jn “mPitude J on the toolbar.

e Or execute menu item Animation | Amplitude | Increase
e Or execute menu item Animation | Amplitude | Decrease

To change the speed of animation
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«  Adjust speed value in == J on the toolbar.
e Or execute menu item Animation | Speed | Increase
e Or execute menu item Animation | Speed | Decrease

To turn on / off interpolated animation of nodes on 3D model

*  Click button ﬂ on the toolbar.
*  Or execute menu item Animation | Interpolation

To display deformed structure model

L
*  Click button ﬂ on the toolbar.
e Or execute menu item Animation | Deformed

To display color map on structure model

e Click button ﬂ on the toolbar.
e Or execute menu item Animation | Color Map

To display arrow vector on structure model

*  Click button % on the toolbar.
e Or execute menu item Animation | Arrow Vector

To show the deformation ruler in the structure model display
e Execute menu item Animation | Ruler | Deformed
To show the color map of the defined color scale in the structure model display

e Execute menu item Animation | Ruler | Color Map

Change data display format

A few of display formats are provided to rendering scalar data on the structure model
with color map.

To specify dB reference of scalar data

*  Execute menu item Animation | Format | dB Reference...
To change scalar data between linear or dB scale

e Execute menu item Animation | Format | Linear <> dB

To display the magnitude part of scalar data with phase information
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e  Execute menu item Animation | Format | Mag-Phase
To display the magnitude part of scalar data

* Execute menu item Animation | Format | Magnitude
To display the phase part of scalar data

* Execute menu item Animation | Format | Phase

To display the real part of scalar data

* Execute menu item Animation | Format | Real

To display the imaginary part of scalar data

e Execute menu item Animation | Format | Imaginary

Change window arrangement

There are some predefined positions for structure view window: center, for edit, for
animation and for DOF guide. In different state of analysis operation, structure view

window is arranged to cooperate with other operating window.
To change the window arrangement

e Execute Window menu items in structure view window.

1.4 Data Block Window

Data block window is used to display and process time record or FRF measurements.
This window contains data plot and spreadsheet for data properties, as Figure 1-22

shows.
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Figure 1-22 Data view window

Load data block file
To load previously saved data block file
* Execute menu item File | Load...

A file open dialog is displayed to prompt you to select a data block file in the project.

£ Data Block |

File bo Select
e

(¥

| Select ] [ Cancel |

Select a file in the list and click Select button, data plots will be displayed in the data
block window.

Save data block
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To save data block to its file on disk
* Execute menu item File | Save.

If the data block file is not saved before, ModalVIEW prompt you to save it as a new
data block file first.

To save data block file to disk with a new file name
e Execute menu item File | Save As....

A file open dialog is displayed to prompt you to input desired new file name.

B Data Block

Filz Mame to Save

File Locabon

[ Save ] [ Cancel ]

Type the desired file name into the File Name to Save box and click Save button.

@ Note: If there is a file with the same file name already in the project, a

warning dialog box will be shown to prompt you to change the input file name.

Duplicated file exists in the project!

Import data block from external files

You can import data block from other external files, show the data block in the data
block window and save the data block into ModalVIEW data block file.

To import data block from ASCI| file
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* Execute menu item File | Import | ASCII....

A file open dialog box will open for you to select ASCII data file.

To import data block from multiple ASCII files in a file folder.

* Execute menu item File | Import | ASCII File Folder....

A file open dialog box will open for you to select the file folder keeping data files.
To import data block from UFF file

* Execute menu item File | Import | UFF....

A file open dialog box will open for you to select UFF data file.

To import data block from multiple UFF files in a file folder.

* Execute menu item File | Import | UFF File Folder....

A file open dialog box will open for you to select the file folder keeping data files.

For the details about UFF and ASCII file format, please refer to section Importing
External Files.

To import data block from TDMS file
* Execute menu item File | Import | TDMS....

A file open dialog box will open for you to select UFF data file.

A
NOTE: Only measured time record can be imported from TDMS file.

Copy data to clipboard

To copy plot of the data block into clipboard as a Bitmap

e Execute menu item File | Copy to clipboard | Bitmap.

To copy properties of the data block into clipboard in tab delimited format
*  Execute menu item File | Copy to clipboard | Spreadsheet.

To copy trace data of the data block into clipboard in tab delimited format

*  Execute menu item File | Copy to clipboard | Trace data.
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Edit data block

To select all traces in the data block

* Execute menu item Edit | Select All

To unselect all traces in the data block

* Execute menu item Edit | Select None
To select one or more traces in the data block

* Click items in the spreadsheet of data properties.
e Or hold down Shift key for selection of more items

To copy selected traces to data buffer in ModalVIEW

e Execute menu item Edit | Copy

@ NOTE: The traces kept in data buffer are valid even data block window is

closed. You can paste these traces into another newly opened data block file.

To paste traces from data buffer into current data block
* Execute menu item Edit | Paste

To merge data block from other file

e Execute menu item Edit | Merge from File...

A file open dialog is displayed to prompt you to select another data block file in the
project.

k! Data Block X

File b Select
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Select a file in the list and click OK button, the new data block will be merged into
current data block.

@ NOTE: The data type of merged data blocks should be the same.

To delete selected traces from the data block

e Execute menu item Edit | Delete

To clip part of selected trace data from the data block

e Show band cursor on the data plot

* Select the range of trace data to clip using band cursor
e Execute menu item Edit | Clip Selected Data

To sort measures in the data block

e Execute menu item Edit | Sort...

A dialog box will open to prompt you to select sorting method. Choose a sorting
method and click OK button, traces in data block will be rearranged.

B! Sort Data Block

Sark by |Foving COF w

(=) Asending

() Desending

[ oK, H Cancel |

To perform mathematical operations on the data block
* Execute menu item Edit | Math...

A dialog box will open to prompt you to select math operations. Choose a math
operation and click OK button to perform the operation.
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B Math Dperation

Math Cperation

&dd Cffset N
Megate (=)

To automatically assign DOFs for measures in the data block
e Execute menu item Edit | DOFs...

DOF Generation dialog box will open, as Figure 1-23 shows.

B DOF Generation

Rowing DiFs Reference DOF
From | 0 = . Fram 0 =
Increment 1 £ Inerement O =
[ il 1% il
¥ Asiad ¥ Bedal
[#]z asiad 7 fodal
1% Indesxing | 1 - M Indexing 1 -
[ i | | Cancel |

Figure 1-23 DOF generation window

Specify the parameters and click OK button, a series of DOFs are generated
according to following scheme.

DOF inrement

Axial selection

| | |
0X, .., GO0V, 0,02, .., 0, 1K, ..., DG 1Y, L 1Y 1, L 1, L
L 1

Mz indexing

DOF information has two styles according to data type of the data block. DOF
information for the data type of time record only requires roving DOF. DOF
information for the data type of FRF requires roving DOF and reference DOF.

Data Type DOF Form
Time record Roving DOF (1X)
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| FRF | Roving DOF : Reference DOF (2X:0X) |

For details about DOF information, please refer to section Degree of Freedom
(DOF).

To edit properties of selected measures in data block

e Execute menu item Edit | Properties...
*  Ordouble click selected measures in spreadsheet of data properties.

The properties dialog box will open for you to edit measurement properties, as Figure
1-24 shows.

B Data Block Propertics |z|
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Figure 1-24 Data properties window

Configure data block display

Data view window can plot the trace of both real and complex data. The real part,
imaginary part, magnitude, phase and bode plot of data can be displayed by selecting

. - |
corresponding type in list box Fea “I on the toolbar.

To display trace plot of real data or real part of complex data

¢ Select Real in list box Real ¥ on the toolbar

e  Or execute menu item Display | Real
To display trace plot of the imaginary part of complex data

Imaginaty

e Select Imaginary in list box | on the toolbar
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*  Or execute menu item Display | Imaginary
To display trace plot of the magnitude of complex data

Magnitude W

e Select Magnitude in list box on the toolbar

*  Or execute menu item Display | Magnitude
To display trace plot of the phase of complex data

Phase w

¢ Select Phase in list box on the toolbar

e Or execute menu item Display | Phase
To display the plot of the real part and imaginary part of complex data

Re-Im w

¢ Select Re-Im in list box on the toolbar,

e  Or execute menu item Display | Re-Im
To display Bode plot of complex data

Bode

e Select Bode in list box * on the toolbar,

*  Or execute menu item Display | Bode
To display magnitude and coherence plot of FRF data

. . Mag-Caoh
e Select Coherence in list box -2 ="""M 1 51 the toolbar

*  Or execute menu item Display | Mag-Coherence

Select data block range

To show line cursor on the trace plot to select one point of data.

*  Click button ﬂ on the toolbar
e Or execute menu item Display | Cursor | Line

To show band cursor on the trace plot to select one segment of data

*  Click button M on the toolbar
e Or execute menu item Display | Cursor | Band

To show cursor value on the trace plot

*  Click button bo.s on the toolbar
*  Or execute menu item Display | Cursor | Position

To change line cursor position
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*  Place mouse pointer on cursor line.

*  Mouse left key down and drag cursor line to the desired position on the trace
graph.

To move band cursor position

*  Place mouse pointer in the middle of band cursor.

*  Mouse left key down and drag cursor line to the desired position on the trace
graph.

To change the position of line cursor step by step

¢ Click button ﬂ or M on the toolbar

To zoom in the data plot

*  Click button E on the toolbar
*  Mouse left key down on the data plot and drag the mouse along abscissa of data
plot

To zoom out the data plot

e Click button E on the toolbar

Data block preprocess

To perform preprocessing on time record

*  Execute menu item Process | Preprocess...

Data preprocess window will open as Figure 1-25 shows.

B Preprocess

Fiterra | Rasampling '@\|9.| Maasina # | DOF# - 07 “
Typa
Lowpass i
Cutaff Frequsncy (Hz)
100 = o |I|
High Cubalf Fraguency (Hz) -\E
a0 E
Filter S
=l
Euktervarth -
I I
510121415183322
CProcess Froquency (Hz)
| Prisiew ] | [ 4 ]l Cancel |

Figure 1-25 Data preprocess window
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The power spectrum of time record is displayed on the right side. The spectrum can
be zoom in or zoom out by selecting M button.

The spectrum of time record from different channel can be viewed by selecting

measure list Measure ¥ |DOF# - 02 W .

*  Specify parameters in filter and resample tab page.
*  Check corresponding process selection [process

. Press button to watch the spectrum of processed data.

* Repeat above steps until expected result is obtained.

. Press button, the time record will be processed as specified

parameters. The plot of newly processed time record will be displayed in data
view window.

Data block analysis
To check the integrity of FRF data
*  Execute menu item Process | Check FRF data...

A dialog window will open to indicate if the FRF data of given reference DOF and
response DOF exist or duplicated FRF data exist, as Figure 1-26 shows.

*  Move mouse cursor to bar plot, the reference DOF and response DOF for each
FRF data will be displayed.

B Check FRF Data - B

Raving DOFs
Ticenal

I Cupicated
I issing

Reference DOF
iR

Rederence DOFs

Reing LOF
i

Lo ]

Figure 1-26 Check FRF data window

To change the unit of data block

*  Execute menu item Process | Unit Conversion...
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A dialog window is displayed to prompt you to select data unit. Select corresponding
unit and press OK, the data unit will be converted into expected unit.

B Data Unit

Data Lnit b Cormert
Displacement b

@ NOTE: ModalVIEW decides data unit according to unit string. If unit

string contains invalid format, a warning dialog will display.

Undefined units are found! Acceleration unit will be used, conkinue?

| ()4 i [ Cancel

To scale ODS FRF data

*  Execute menu item Process | Scale ODS FRFs...

A dialog window will show to select DOF of reference measure in ODS FRF data
from different batches (the digit behind @ is the batch number). Press OK button, the
magnitude of reference ODS FRF data will be scaled to unit power, other ODS FRF
data in the same batch will be scaled in proportion.

B Reference Measuremsant

Referance DOF
# #
aZ:1L2@)
A 110Ea
107 ¢ L1Z@0
g v
Lo J| comcel || e |

To estimate spectrum data from measured time record

e Execute menu item Process | Spectra...
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Spectrum Estimation window will open. Specify parameters such as window, average
etc., as Figure 1-27 shows

B Spectrum Estimation

Hessure Averaging
Spectra TP FET Spactrum L Type Vedior fverage W
Bipphireg Wirekow Weighting | Exponential »
Type Rectangle w

Edock. Size (Pairks) 1024

Lt

ity Cydle (%) 0 cverlap (91| 50

L1

Firesl Vahue ':‘}.'-:-:l i}

Reesohition {He) | 5.76563

o [t ][ ]

Figure 1-27 Spectrum estimation window

* Press OK button, the spectrum data is estimated. A dialog shows to prompt you
to input the name of spectrum data file. The saved data file will be displayed in
project tree.

To estimate FRF data from measured time record
* Execute menu item Process | MIMO FRF Estimation...
MIMO FRF Estimation window will open. Select time records for stimulus/reference

and time records for response, and specify parameters such as window, average etc.,
as Figure 1-28 shows

B MIMO FRF Estimation

Time Record StrulusReference
e = -
1z
4z
7 Flesponse
62." -
CE
- -
Applving Window Axaraging
Type Rectangs bl Type Vedior Average W
Cuty Cyde (%) 50 = Weighting | Exponantial L
Final Value (%) | 10 = Edodk Size (Poirks) | 1024 -
Orverlap (%) 50 -
Measure
Mode | At Deted: - Resolution (Hz) | 9. 76563
Claps? [ o [ cews [ hew |

Figure 1-28 MIMO FRF estimation window

e Select 1P 10 decide if using response as a reference to estimate ODS FRF.
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. Use add and remove button L_>> ] <= Jto select time records for
stimulus/reference and response.

* Press OK button, the FRF data is estimated. A dialog shows to prompt you to
input the name of FRF data file. The saved data file will be displayed in project
tree.

For the details about FRF estimation from measured time records, please refer to the
section FRF Calculation.

To estimate modal parameters from FRF data block

e Click button % on the toolbar
*  Or execute menu item Process | Mode Estimation...

Mode Estimation window will open for you to estimate modes from current data

block. Please refer to section Mode Estimation Window for the details about its
operation.

Change window arrangement

There are some predefined positions for data view window: center, for animation and
for modal analysis. In different state of analysis operation, data view window is
arranged to cooperate with other operating window.

To change the window arrangement

e Execute Window menu items in data view window.

1.5 Operational Order Window

Operational order window is used to display order spectral map of measured data, and
extract time waveform or ODS FRF data from the specified order. This window
contains order spectral map and spreadsheet for data properties, as Figure 1-29 shows.
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Figure 1-29 Operational order window

Load data block file
To load previously saved data block file
* Execute menu item File | Load...

A file open dialog is displayed to prompt you to select a data block file in the project.

k- Data Block

Fie bo Selact Tacha Channel bo Sslect
~ Index Diescriphion ~

L b

[ ok | [ canca |

Select a file in the list and click OK button, order spectral map in Time-Frequency
type will be displayed in the operational order window.

If data block contains tacho signal for order tracking, tacho channel can be specified
by clicking corresponding row in Tach Channel to Select list.
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B Data Block

File bo Select Tacha Channel bo Select
resp] Index Descriphion Fy
g0 Tacho - Mic
1
2
3
» W
[ ok | | Cancel |

After data block being loaded, ModalVIEW automatically extracts tacho signal from
data block according to the specified tacho channel. If tacho signal being loaded,
order spectral map in RPM-Frequency type can be displayed in the operational order
window.

Load tacho signal

Tacho signal can also be seperately loaded. To load previously saved tacho signal
from data block file

*  Execute menu item File | Import tacho...

A file open dialog is displayed to prompt you to select a data block file in the project.

k= Data Block
File bo Select Tacho Channel bo Select
respl A Indasx Descriphion A
o
w W
[ ok | | Cancel |

Select a file in the list and specify the channel containing tacho signal, click OK
button. After tacho signal being loaded, order spectral map in RPM-Frequency type
can be displayed in the operational order window.

Copy spectral map to clipboard

To copy order spectral map into clipboard as a Bitmap
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*  Execute menu item File | Copy to clipboard | Bitmap.
Specify spectral map type

Order spectral map can be displayed in Time-Frequency or RPM-Frequency, to
specify display type

«  Select corresponding item from M= TEMEY M 51 the toolbar.
e Or select menu item Display | Time-Frequency

*  Or select menu item Display | RPM-Frequency

N
NOTE: To display RPM-Frequency spectral map, the tacho signal must be
loaded.

Select position in spectral map

To show line cursor on the order spectral map for specifying a single position

e Click button ﬂ on the toolbar
e  Or execute menu item Display | Cursor | Line

To show band cursor on the order spectral map for specifying a range

*  Click button M on the toolbar
*  Or execute menu item Display | Cursor | Band

To show cursor value on the order spectral map

*  Click button tes on the toolbar

To move line cursor position

*  Place mouse pointer on cursor line.

*  Mouse left key down and drag mouse pointer to the desired position on the
spectral map.

To move band cursor position

*  Place mouse pointer in the middle of band cursor.

*  Mouse left key down and drag mouse pointer to the desired position on the
spectral map.
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Select order in spectral map

To specify the order to extract in order spectral map

*  Specify order index 23" on the toolbar.
«  Specify order bandwidth Ban9#ith on the toolbar.

To display the mask range of selected order in order spectral map

e  Click button % on the toolbar
e Or execute menu item Display | Order Mask

Specify speed profile settings
To specify the settings for speed profile generation from tacho signal
e  Execute menu item Analysis | Speed Profile...

Speed profile window will open as Figure 1-30 shows.

B Speed Profile @
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Figure 1-30 Speed profile generation from tacho signal

When specifying the parameters of threshold, pulse per revolution, the speed profile
will be generated from measured tacho signal accordingly. When Auto Threshold is
checked, ModalVIEW will automatically select proper threshold for tacho signal to
generate speed profile.
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Specify spectral map settings
To specify the settings of spectral map
*  Execute menu item Analysis | Order Settings...

The order settings window will be displayed. When the display type of spectral map
is Time-Frequency, the order setting window is displayed.

B Order Settings @

SHindow .Rl:l:t-:nl;l-: e |

Window Length (512 3|

Time Start 0 8|
Ti‘neEnd_-!I :l
Tume-Stap:-l ¢|

[ i ] [ Cancel ” Help ]

When the display type of spectral map is RPM-Frequency, the order setting window is
displayed as

B Order Settings E]

window |Rectande o |

Window Length 512 =

REM Skart [0 8|
REMEnd -1 :|
RPI Shap:-! ¢|

[ [ ” Cancel ” Help ]

Order Analysis
To generate ODS FRF data from selected order

*  Specify order index and order bandwidth.
e Execute menu item Analysis | ODS FRF...

A parameter settings window will be displayed.
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B Settings

Reference Resonse 12 b
window | Rectangle w
[ ok | [ nHeo |

Specify the DOF of reference response and window type, click OK button. The
generated ODS FRF data from selected order will be displayed in data viewer window.

To generate time waveform from selected order

»  Specify order index and order bandwidth.
* Execute menu item Analysis | Order Waveform...

The generated time waveform from selected order will be displayed in data viewer
window.

1.6 Mode View Window

Mode view window is used to display, edit and analyze mode shape table, as Figure
1-31 shows.

F Mode View 4] [=1];:3]

*x @E®|| s LIE L

Index  PrequanceiHzl  Dasoeg (%) Shape Type A (ee il Unt Magnbms -0 Fhees (Deg)-0 &

Mode List Shape Table

-+ i
€ ¥ L »

Figure 1-31 Mode view window
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Load mode shape file
To load previously saved mode shape file
e Execute menu item File | Load...

A file open dialog is displayed to prompt you to select a mode shape file in the project.

¥ Mode Table

File bo Select

b s

| Select ][ Cancel |

Select a file in the list and click Select button, mode shape table will be displayed in
the mode view window.

Save mode shape
To save mode list and shape table to its file on disk
e  Execute menu item File | Save.

If the mode shape file is not saved before, ModalVVIEW prompt you to save it as a
new mode shape file first.

To save mode shape file to disk with a new file name
* Execute menu item File | Save As... in mode view window.

A file open dialog is displayed to prompt you to select desired new file name.
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B Mode Table

File Mame to Save

File Loczbon

[ Save ][Cannd ]

Type the desired file name into the File Name to Save box and click Save button.

@ Note: If there is a file with the same file name already in the project, a
warning dialog box will be shown to prompt you to change the input file name

Duplicated file exists in the project!

Import mode shape from external files

You can import mode shape from other external files, show the shape table in the
mode view window and save the shape table into ModalVIEW mode shape file.

To import mode shape data from UFF file

e Execute menu item File | Import | UFF file....

A windows file open dialog box will open for you to select UFF mode shape file.
For the details about UFF format, please refer to section Importing External Files.
Copy mode shape to clipboard

To copy mode list into clipboard in tab delimited format

e Execute menu item File | Copy to clipboard | Mode List

To copy mode shape data into clipboard in tab delimited format
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*  Execute menu item File | Copy to clipboard | Spreadsheet

Copy mode shape to report generator
To copy mode list displayed in mode view window to report generator
e Execute menu item File | Copy to Report | Mode List...
A dialog box is displayed to prompt you to input desired report item name. Type the
name in Report item name box and click OK button, the mode list is added to report
item list accordingly.

2 (X

Report lbem Name
mode

[ Ok ] [ Cancel ]

When report generator window being opened, the added report items are shown in
Available Report Items list. Please refer to section Report Generation Window for
more details.

Awailable Report Ikems

miode - analysis results L

Edit mode shape table

To select all modes in the mode list

e Execute menu item Edit | Select All

To unselect all modes in the model list

e Execute menu item Edit | Select None

To copy selected modes to data buffer in ModalVIEW

e Execute menu item Edit | Copy
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@ NOTE: The modes kept in data buffer are valid even mode view window is

closed. You can paste these modes into another newly opened mode shape file.

To paste modes from data buffer into current mode table
e Execute menu item Edit | Paste

To merge modes from other mode shape file

e Execute menu item Edit | Merge from File...

A file open dialog is displayed to prompt you to select another mode shape file in the
project.

¥ Mode Table

File ko Select

b s

| Select ][ Cancel |

Select a file in the list and click Select button, the new modes will be merged into
current mode table.

@ NOTE: The DOF information of merged modes must be the same.

To delete selected modes from the mode table
e Execute menu item Edit | Delete
To sort modes in the mode table according to frequency

e Execute menu item Edit | Sort Modes | Ascending
e Or execute menu item Edit | Sort Modes | Descending

To sort shapes in the shape table according to DOF

e Execute menu item Edit | Sort Shapes...
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A dialog box will open to prompt you to select sorting scheme. Choose a sorting
method and click OK button, mode shapes will be rearranged.

B Sort Mode DOFs

Sowt by | Roving DOF b

%) Asendng

{_)Desending

[ Ok | i Cancel

To automatically assign DOFs to mode shape
e  Execute menu item Edit | DOFs...

DOF Generation dialog box will open, as Figure 1-32 shows.

& DOF Generation

Raowing DiiFs Reference DOF

From | 0 = . From 0 =
Increment 1 b Increment 0 -
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Figure 1-32 DOF generation window

Specify the parameters and click OK button, a series of DOFs are generated
according to following scheme.

DOF inrement

Axial selection

I I I
O, .., 0,0, .., 0, 02, .., 0Z, 1%, ... 1 1Y, 1Y, 1, L1, .
L 1
M= indexing

The DOF for mode shape has following style.

Roving DOF: Reference DOF (2X: 0X)
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For details about DOF information, refer to section Degree of Freedom (DOF).
To edit properties of selected mode in mode table

* Execute menu item Edit | Properties...
e Or double click selected mode in mode list.

The properties dialog box will open for you to edit mode properties, as Figure 1-33
shows.

B Mode Properties [%

Frequercy (Hz} | 15,210

Damping (%) | 2,659

Shape Type | Residus Shaps
Refernce DOF |1 |z

Reowing DOF |1 BB
Engineering Uink | gftl-sec A

[T anpty on all

o | corcel |

Figure 1-33 Mode properties window

Analyze mode parameter

To display complexity plot of the selected mode

e Click button @ on the toolbar
e Or execute menu item Operate | Complexity Plot...

A mode plot window will open and complexity plot is displayed, as Figure 1-34

shows. The blue lines in the plot indicate the vector of mode shape. Select different
mode in mode list, the complexity plot changes accordingly.
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Figure 1-34 Complexity plot

To convert complex mode to normal mode

*  Click button @ on the toolbar in mode plot window
e Or execute menu item Operate | Normalize Mode

The red dashed line is used as a phase reference to convert complex mode into a
normal mode. Phase of mode shape on one side of phase reference line is changed to
0, and on the other side is changed to 180.

C=R
«  Click button = on the toolbar in mode plot window
e Or execute menu item Operate | Complex to Real

For the details about complex mode and normal mode, please refer to section Normal
and Complex.

To compute values of modal assurance criterion (MAC)

*  Click button E on the toolbar
e Or execute menu item Operate | MAC...

A mode plot window will open and MAC plot is displayed, as Figure 1-35 shows.
Select different mode in mode table, the MAC plot changes accordingly.
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Figure 1-35 MAC plot

*  Select corresponding item in control Camat *! to display MAC or
CoMAC plot, or execute menu item Display | MAC or Display | COMAC in
mode plot window.

« Check [130Display the MAC plot is displayed in 3D bar plot.
o« Check [1shewLabel the plot label of mode frequency is displayed.
e Check []shaw Table | the MAC value in spreadsheet is displayed.

To compute values of cross modal assurance criterion (Cross MAC)

e Click button E on the toolbar
*  Or execute menu item Operate | Cross MAC...

A file open dialog is displayed to prompt you to select another mode shape file in the
project. Select a file in the list and click Select button, the modes will be loaded for
comparison.

For the details about MAC, CoMAC and Cross MAC, please refer to section Modal
assurance criteria (MAC).

To copy MAC or Complexity plot to clipboard in a Bitmap
e Execute menu item File | Copy to Clipboard | Bitmap
To copy MAC spreadsheet to clipboard

e Execute menu item File | Copy to Clipboard | Spreadsheet

Modify mode parameter
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To change the unit of mode shape

&
e Click button #*"| on the toolbar
*  Or execute menu item Operate | Acc, Vel, Disp...

A dialog window is displayed to prompt you to select shape unit. Select
corresponding unit and press OK, the shape unit will be converted into expected unit.

B Shape Linit
LIkt b et
Lisplacement it
ok || camesl |

@ NOTE: ModalVIEW decides shape unit according to unit string. If unit

string contains invalid format, a warning dialog will display.

Undefined units are found! Acceleration unit will be used, continue?

| ()4 i [ Cancel ]

For details about shape unit, please refer to section Mode shape unit.

To change shape type from residue shape to scaled shape

iy
e Click button 2| on the toolbar
*  Or execute menu item Operate | Scale Mode Shape

For details about residue shape and scaled shape, please refer to section Mode shape
type.

Utilize mode parameters

To synthesize FRF data from modes

FRF

« Click button "+ on the toolbar
e Or execute menu item Operate | FRF Synthesis...

A dialog window is displayed to prompt you to specify FRF parameters, as Figure
1-36 shows.
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Figure 1-36 FRF parameters window

After specifying parameters, press OK button. The synthesized FRF data plot will be
displayed in opened data view window.

To compute forced response shape from modes

T
Click button ﬂ on the toolbar
*  Or execute menu item Operate | Forced Response...

A dialog window is displayed to prompt you to specify parameters, as Figure 1-37
shows.

B Sine Parameters
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Figure 1-37 Sine parameters window

After specifying parameters, press Save Mode Shape button. A file open dialog is
displayed to prompt you to save the mode shape from sine excitation into mode shape
file.
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B Mode Table

File Mame to Save

File Loczbon

[ Save ][Cannd ]

Type the desired file name into the File Name to Save box and click Save button.
The generated mode shape is saved for structure animation.

For more information about FRF synthesis and forced sine response, please refer to
section Mode .

To compute mass, stiffness, and damping matrix from estimated modes

T
*  Click button =] on the toolbar
e Or execute menu item Operate | M, K, C Matrix...

A dialog window is displayed to display mass, stiffness and damping matrix, as
Figure 1-38 shows.

B M, K, C Matrix
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Figure 1-38 Mass, stiffness and damping window

»  Specify the total mass of the structure in TotalMass |1 3|

| Mass

e Selectitem in

] to display corresponding matrix values.
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Export ko File

*  Press button [ ] to export mass, stiffness and damping matrix into

ASCII text data file.

For more information about mass, stiffness and damping matrix, please refer to
section Mass, stiffness and damping matrix.

To perform structure sensitivity analysis using estimated modes

EES
»  Click button ..l]ﬂJ on the toolbar
* Or execute menu item Operate | Sensitivity...

A sensitivity matrix plot window will open, as Figure 1-39 shows. Select different
mode in mode list, the sensitivity matrix plot is updated accordingly, which indicates
how structure modification influences the natural frequency of selected mode.

B Sensitivily Matrix Plot E"ﬁ]@

Fil: Cperate Cisplay

Madification Tyoe [Mazs w [+#] 30 Cisplay [Ishow Lt

Figure 1-39 Sensitivity matrix plot

o Select items in "Medfication Type [Mass ¥ to specify the type of structure

modification: Mass, Stiffness or Damping.
e«  Check [J30Display | the sensitivity matrix plot is displayed in 3D bar plot.
Check[JshowLabel the plot label of mode DOF is displayed.

To copy sensitivity matrix plot to clipboard in a Bitmap
*  Execute menu item File | Copy to Clipboard | Bitmap
To copy sensitivity matrix data to clipboard in spreadsheet

e Execute menu item File | Copy to Clipboard | Spreadsheet
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For more information about sensitivity analysis, please refer to section Sensitivity
analysis.

1.7 Modification View Window

Modification view window is used to edit changes in the mass, stiffness or damping
properties of a structure, and perform structure modification prediction by evaluating
the effect of mass, spring-damper and tuned absorber modifications, as Figure 1-40
shows.
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Figure 1-40 Modification view window

Load modification file
To load previously saved structure modification file
* Execute menu item File | Load...

A file open dialog is displayed to prompt you to select a structure modification file in
the project.
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B modification Table

Fil ko Select

|
spring-dampsar
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[ Select ] [ Cancel |

Select a file in the list and click Select button, modification table will be displayed in
the modification view window.

Save modification file
To save structure modification table to its file on disk
e Execute menu item File | Save.

If the structure modification file is not saved before, ModalVIEW prompt you to save
it as a new structure modification file first.

To save structure modification file to disk with a new file name
* Execute menu item File | Save As....

A file open dialog is displayed to prompt you to input desired new file name.

B Modification Table

File Mame to Save

File Loczbon

[ Save ][Cannd ]

Type the desired file name into the File Name to Save box and click Save button.
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@ Note: If there is a file with the same file name already in the project, a

warning dialog box will be shown to prompt you to change the input file name.

Duplicated file exists in the project!

Copy to clipboard

To copy structure modification table into clipboard as a spreadsheet

e Execute menu item File | Copy to clipboard | Modification Table.
To estimated FRF plot into clipboard as a Bitmap

e Execute menu item File | Copy to clipboard | FRF Plot.

Save modified mode

To save the modes of modified structure to its file on disk

e Execute menu item File | Save Modified Modes....

A file open dialog is displayed to prompt you to input desired new file name.

B Mode Table

File Mame to Save

File Loczbon

[ Save ][Cannd ]

Type the desired file name into the File Name to Save box and click Save button.

Edit modification table
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To add a mass on the single point of the structure

*  Execute menu item Edit | Add Mass..
e Or click button J on the toolbar

A dialog window is displayed to prompt you to specify point mass to add. After
specifing the parameters, click OK button.

P Add Mass

Attachmenk Point | 0 |

Mass (k) | 0 |

[ OF | | Cancel |

To add a spring-damper between two points of the structure

*  Execute menu item Edit | Add Spring-damper...
+.
e Orclick button ﬁ on the toolbar

A dialog window is displayed to prompt you to specify point mass to add. After
specifing the parameters, click OK button.

B! Add Spring-damper

Attachmenk Poink 1|0 |

Attachment Paink 2 | D |

Stiffness (Nfm) | 0 |
Camping (kafsec) |0
[ [ 4 I I Cancel ]

To add a spring-damper between two points of the structure

e  Execute menu item Edit | Add Tuned Absorber..
e Orclick button J on the toolbar

A dialog window is displayed to prompt you to specify point mass to add. After
specifing the parameters, click OK button.
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B! Add Tuned Absorber X

Artachment Paing |0 X W
Mass (ka) |0

Target Frequency (Hz) |0 Ture
Stiffriess (M) | O

Damping (kgfsec) | O

o ] (o]

For more information about structure modification prediction, please refer to section
Modification Prediction.

To select all items in the modification list

* Execute menu item Edit | Select All

To unselect all items in the modification list

* Execute menu item Edit | Select None

To delete selected items from the modification list

*  Click items in the modification list.
*  Execute menu item Edit | Delete.

To modify selected item in the modification list

* Double click the item in the modification list.
* Or select one item in the list, and execute menu item Edit | Modify.

A dialog window is displayed to prompt you to adjust corresponding parameters.
Connect to structure model

To display modification guide on 3D structure model matched with the structure
modification list.

Structure Mot Selected

e  Select the structure model from the *Ilistbox on the

toolbar.
e Click button ﬂ on toolbar.
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The selected structure 3D model will be displayed in structure window. The
corresponding structrure modification will be displayed on the structure model, as
Figure 1-41 shows.

F= Structure: 30 View - [Heam.str
File Edt Displsy  Animabon  Windos  Help

Pig e Hsa +@ 0 (oW e B EE e -
2 S W ot E S | Amplun | e hos Linie w

Figure 1-41 Structrue Modification Guide

Perform Modification Prediction
To specify the settings for FRF synthesis after structure modification
e Execute menu item Operate | FRF Settings...

A dialog window is displayed to prompt you to specify the parameters for FRF
computation.

B! FRF Paramelers

Frequency Lines Stark Frequancy
1024 a 0 Hz =
Delta F End Frequency
1 Hz - 1024 Hz -
Auto Rangs
[ O, | | Cancel ]

To predict FRF plot and new modes of the structure after modification

e Select the structure model from the Structure |tk Selected ¥ |listbox on the
toolbar.
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«  Select the structure’s original modes from the OrianalModes [Not Selected [

listbox.

e Click button or execute menu item Operate | Compute

Modification

To view FRF plot of the corresponding input and output DOFs

e Select input DOF and output DOF from the IMP4EPOF I8 ™[ |isthox and the

Cukput DoF | oy hd listbox

Change window arrangement
There are some predefined positions for modification view window.
To change the window arrangement

*  Execute corresponding Window menu items in modification view window.

1.8 Image View Window

Image view window is used to display structure’s digital photo, as Figure 1-42 shows.
From the digital photo, the structure’s 2D profile can be extracted and be used to
quickly generate 3D structure model.

B Image Wicw
File Diplyy  Wendow  Helo

Poirks | o W j_.l,h{f,

Image Display

Figure 1-42 Image view window
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Load image file

To load previously saved image file

e Execute menu item File | Load...

A file open dialog is displayed to prompt you to select an image file in the project.

Select a file in the list and click Select button, the image will be displayed in the
image view window.

Copy image to clipboard

The structure image and 2D profile in image view window can be copied into window
clipboard in Bitmap for other programs to use.

To copy the image file into clipboard as a Bitmap

*  Execute menu item File | Copy to Clipboard | Bitmap.

Save 2D structure profile

To save depicted 2D structure profile into a structure file

* Execute menu item File | Save 2D Profile...

A file open dialog is displayed to prompt you to select desired new file name. Type

the desired file name into the New File Name box and click OK button, a new
structure file is saved and added into current project.

Set image display mode

To lock image’s aspect ratio

*  Execute menu item Display | Lock Aspect Ratio
Change window arrangement

There are some predefined positions for image view window.
To change the window arrangement

e Execute Window menu items in image view window.
Edit 2D structure profile

The 2D structure profile is defined by nodes and lines.

To depict node of 2D structure profile on the structure image
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Points W

*  Specify object type in toolbar as Points

. +., .
e Click button " I to enable the add operation.
* Click on the appropriate place using mouse left button to add a new node on the
structure image.

To add line between nodes to form 2D structure profile

Points W

*  Specify object type in toolbar as Lines

«  Click button ™ |to enable the add operation.
*  Click two nodes using mouse cursor sequentially and add a line between two
nodes.

To delete nodes or lines on the 2D profile

Points w

* Specify corresponding object type in toolbar

¢ Click to select the node or line to be deleted.
*  Click button ﬂ to delete the selected object.

To clear depicted 2D profile

. <t
¢  Click button s on the toolbar.

To automatically generate grids in 2D profile

¢ Click button ﬁ on the toolbar.

The depicted 2D structure profile can be saved into a structure file. For more
information about 2D structure profile generation, please refer to the section
Generate 3D model from image.

1.9 Report Generation Window

Report generation window is used to specify modal testing parameters such as
operators, instruments, and report item, as Figure 1-43 shows. According to specified
report information, a test report in Microsoft Word file format is automatically
generated from the predefined report template.
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Figure 1-43 Report generation window

Specify report information
To specify test date, test object, operator and note for the testing experiment

*  Type the desired content into the Test Date, Test Object, Operator /
Department and Note box.

To obtain current test date

e Click button, the current date will be inserted into Test Date box.
To add new device to the Test Instruments list

*  Type the device name and type into Device Name and Device Type box.
« Click button_™=_] tne specified device will be added.

To delete test device from the Test Instruments list

e Select one item in the test instrument list.

e Click button.

Available Report Items list contains the report items which can be exported to test
report.
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Available Report Ikems
Plate Skructure - structure view .
MI 9233 - channel settings
Impact Testing - tesk settings

To select report item and export it to test report

e Select one item in the Available Report Items list.
* Click button, the item will be added into Selected Report Items list.

To remove report item from Selected Report Items list

* Select one item in the Selected Report Items list.
e Click button, the item will be removed.

Clear available report items
To delete the selected report item from the list

e Select one item in the Available Report Items list.
e Execute menu item Operate | Delete Selected Item.

To clear all the available report item in the list

*  Execute menu item Operate | Clear All Report Items.
Generate test report

To generate test report after specifying all the report information,
e Execute menu item File | Generate Report....

A file open dialog is displayed to prompt you to input desired new report file name.
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B! Experiment Repart

File Mame bo Save

File Location

|_ Save J l Cancel J

Type the desired file name into the File Name to Save box and click Save button.

@ NOTE: If there is a file with the same file name already in the project, a

warning dialog box will be shown to prompt you to change the input file name.

Duplicated file exists in the project!

When test report is successfully generated, a dialog box will show as following

Repart has been generated!

@ NOTE: Please close other opened word documents before generating

report.

1.10 Structure Editor Window

Structure editor window is used for 3D model drawing, as Figure 1-44 shows.
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B! Structure Editor
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Figure 1-44 Structure editor window

Edit structure object

Structure editor provides a series of objects, point, line, surface (triangle), surface
(quad) and substructure, to build 3D structure model.

To change object type to edit

*  Choose object list Feints “Ion the toolbar.

The display page of object properties will change accordingly.
To select a object

*  Choose the object type.
*  Select the object in spreadsheet

e Or press button M on the toolbar to enable click select operation, select object
on 3D model by clicking mouse cursor on structure model viewer window

To select all objects

¢ Press button ﬂ on the toolbar

To unselect all objects
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e Press button E on the toolbar
To edit properties of a object

*  Select the object in object list.
*  Specify information in properties page.

To add a object to 3D structure model

*  Choose the object type to add.
*  Press button j on the toolbar to enable add operations

If the object type is substructure, a dialog box will display for you to select a new

substructure.
[Plate |

~
Trianighe
Clrcle
Cybradar
Cube
Cong
Sphere o

| ok || caneat |

Select a corresponding substructure and click OK, a new substructure will be added to
3D model.

If the object type is point or line, add the object to 3D mode by clicking mouse cursor
on structure model view window. For details, please refer to chapter Creating
Geometry Model.

To delete a object from 3D model

*  Select the object.
e Press button ﬂ on the toolbar.

To add a pre-defined model in file to 3D model as a new substructure

e Press button @ on the toolbar.

A file open dialog is displayed to prompt you to select another structure file in the
project.
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b Model Structure
File ko Salect

-

il

N =

* Select a structure file, press OK button.

To extrude a 2D structure profile into a 3D structure model

AEH
e Press button 27| on the toolbar.

A dialog box displays to prompt you to input extrude parameters include extrude
direction and distance.

P Extrude Parameters

Direction # bl
I:llstame:l:l -
Lo | [ concel |

*  Specify appropriate parameters, press OK button.

To restore the 3D model to last editing state

e Press button ﬂ on the toolbar.

To redo the restored editing state

e Press button ﬂ on the toolbar.

@ Note: The restore operation can be executed repeatedly until all the stored

editing state being restored.

To move a object in 3D model by dragging it with the mouse cursor
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e Press button l on the toolbar to enable click select operation.

&

e Press button =" on the toolbar to unlock object move.
* Click to select an object in structure view window and drag it to a new position.

Number point DOF

To automatically assign DOF number to each node on 3D model

1 4
e Press button ﬂ on the toolbar.

To clear assigned DOF number of each node on 3D model

Fi— 4
* Press buttonfmz on the toolbar.

1.11 Measure Properties Window

Measure properties window is used to specify measure axes direction, measure type
and assigned measurement for points on 3D structure model, as Figure 1-45 shows.

B Measure Properties EoE
Vackar v Ma2T0t- | w B
Properties | Messurement Axes | M# Assionment
Page Retate

—'\ X ¥ I
\ Deg. |5 & - “

¥ W ¥

[#] Shoes Azes Raset

Node List .
K Index  Label Typa Hide DoF A

Ev

*

Figure 1-45 Measure properties window
Select data type

To specify the type of measured data associated with on the structure model

o Select the list box LY== *1'in the toolbar.

Select node

To select a node on 3D structure model

86



Select the node in spreadsheet

Or press button M on the toolbar to enable click select operation, select a node
on 3D model by clicking mouse cursor on structure model viewer window

To select all nodes

Press button ﬂ on the toolbar

Specify measurement axes

To change direction of measurement axes of selected node

Select a node in spreadsheet.

Set rotational increment™®® ° ¥ in degree.
Check [Ishaw axes tg display measurement axes on 3D model.

S

Click rotate control ™' to rotate measurement axes along X axial.

Click rotate control ™' to rotate measurement axes along Y axial.

B (e =

Click rotate control ™ to rotate measurement axes along Z axial.

To reset measurement axes to default direction

Press button .

Assign measurement

To change measure type for each measure direction of selected node

Select a node in spreadsheet.
Switch tab page to M# Assignment.

Double click the item in Equation Type column and select measure type of

corresponding measurement direction.

To manually assign measurement index for each node

Select a node in spreadsheet.
Switch tab page to M# Assignment.

Double click the item in Measure # column and set measurement index for

corresponding measurement direction.
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@ NOTE: Measurement index is assigned only when measure type is

‘measured’.

To automatically assign measurement index for each node

M -

e Click button =<7 on the toolbar.

A dialog box will show to prompt you to specify the range of selected nodes, as
Figure 1-46 shows. After specifying point selection, click OK button. Measurement
index will be incrementally assigned to each measurement direction of selected nodes.

B Auto Aszignment

[Pioint Seleckon

[+#] a0 Pairks

DOF: From (10 Ta |90

[t feiad [T tdal [#]2 fual

| ok || cancd || Hew |

Figure 1-46 Auto assignment window
To generate interpolated animation for unmeasured nodes on 3D model
P
Click button 7| on the toolbar.

A dialog box will show to prompt you to specify interpolation range. That is how
many nearest nodes are used to calculate interpolated animation.

B Interpolated Equations

Intarpolation Ramge
Tn Carganent? [ Partialy Interpolation? [

Component Mumber af Mearest Painks DOF ba Inkerpalake

T

Mumber of Mearest Poinks |4

| = |[ Cancel ” Help i

In Comporent? [ ] gecides if interpolated motion of unmeasured nodes are computed
from the measured nodes belonging to the same component.
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Partially Interpolation? L] o cjdes if interpolated motion of unmeasured nodes are partially
computed only for specified DOFs.

Input number of nearest points in the dialog box and click OK. The interpolated
animation is generated.

To clear specified measure type and assigned measurement for selected node

»  Select nodes in object list.
e Click button ﬁ on the toolbar.

For more information about specifying measurement properties for each node, please
refer to chapter Data assignment.

1.12 Structure Group Window

Structure group window is used to define components and dummy structures in 3D
model structure, so that the 3D model structure can be processed or animated at
component level, as Figure 1-47 shows.

Tl J [Ftenarn&] lDelvata ]
ObjECt LlSt e Labed Type DoF AI

™ .

Figure 1-47 Structure group window

Edit Structure Group

To change group type to edit

Camponent

e Choose group type *Ion the toolbar.
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The object list will change accordingly. When the group type is component, the points
of 3D model structure will be listed. When the group type is dummy structure, the
created components will be listed.

To add a new group

*  Press button under group list

A dialog box will display for you to input group name.
13 x

Mew Composnk

Type the desired group name and click OK button. The newly added group will be
displayed in group tree list.

To rename a group

* Click to select a group in group list
e  Press button under group list

To delete a group from group list

* Click to select a group in group list
*  Press button under group list

To add items to a group

* Click to select a group in tree list
* Click to select items in object list

¢ Press button j on the toolbar

The added items will be displayed in tree list as children of the group.
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To delete items from a group

* Click to select children items of the group

¢ Press button ﬂ on the toolbar

To select all items in object list

e Press button ﬂ on the toolbar

To select none item in object list

e Press button E on the toolbar

For more information about component and dummy structure, please refer to chapter
Component & Dummy structure.

1.13 Mode Estimation Window

Mode estimation window is used to extract modes from time record or FRF data block,
and save estimated modes into mode shape file, as Figure 1-48 shows.
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B Mode Estimation

[ Fle Edk Operate Help
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Figure 1-48 Mode estimation window

Quick fit modes
To quickly estimate modes from FRF data block

* Select FRF data block range with band cursor in the data block window.
*  Select tab page Quick Fit as Figure 1-49 shows.

QuickFr | Advanced Fit |
IModal Parameters

Modes

a v

Extra Tesrm

4 =

Primary DOF
-

Cstow Foe Fi
Figure 1-49 Quick fit tab page

Modes

*  Specify mode number to fit in control box .
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Exkra Term
«  Specify extra term in control box |* _1}

Prirnary DOF

*  Select primary DOF control box b

e Press button , the estimated modes will be displayed in spreadsheet
To check if the fitted FRF match its original FRF data block

Select check box [Ishaw FREFit tg display the fitted FRF on original FRF data
block in data block window.

To add current estimated modes into mode list

e Press button 'E on the toolbar.

The newly estimated modes will be added into mode list. the symbol “ = before
corresponding items in mode list will disappear, as Figure 1-50 shows.

Index Frequency (Hz) Drarmnpirng {%%:)
) u] 341.403 0.054

~~

Index Frequency (Hz) Drarmnpirng {%%:)
u] 341.403 0.054

Figure 1-50 Add modes to mode list

N
NOTE: If the newly estimated modes are not added to mode list, they will

be overwritten by next estimation.

For more information about quickly mode estimation, please refer to section Quick fit.
Advanced fit modes

To fit modes from time record or FRF data block with advanced process

*  Preprocess time record in the data view window

*  Or specify FRF data block range with band cursor in the data view window.
*  Select tab page Advanced Fit as Figure 1-51 shows.
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Quick Fit | Advanced Fit

Freguency & Damping

Frequency Width Frequency {Hz)
1} = o
Skable Number Dramping (%)
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Ao Selact | [ fdd Mode ]
IMode Shaps

Clshom e

Figure 1-51 Advanced fit tab page

The stabilization chart window will open. For details about stabilization chart, please
refer to section Stabilization chart.

»  Specify stabilization criteria and press button in stabilization chart
window.

There are two methods to select stable modes from stabilization chart: manual select
and auto select.

To manually select modes from stabilization chart

*  Move the mouse pointer to mode character on stabilization chart, and click the
left mouse button.

*  The values of frequency and damping ratio of selected mode will be displayed in
Frequency (Hz) Darnping %)

0
control box and "

e Press button to add selected mode into spreadsheet.
* Repeat above steps to add more stable modes.

To automatically select modes from stabilization chart

Frequency wWidth

*  Specify frequency width in control \° I
Stable Murmber

FS

*  Specify stable number of modes in control 0 —| §

* Press buttonto select stable modes into spreadsheet.

When stable modes are selected into spreadsheet list

*  Press button to estimate mode shape for selected stable modes

To check if fitted FRF match its corresponding FRF data block
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Select check box [shaw FREFi tg display fitted FRF on FRF data block in data
block window.

To add current estimated modes into mode list

e Execute menu item Edit | Add Fit Modes
e Press button 'E on the toolbar.

For more information about advanced mode estimation, please refer to section
Advanced fit.

Change mode representation

To change mode display from Frequency-Damping into Mass-Stiffness-Damping

e Check [JInMass, Stiffness, Damping o4 the hottom of mode list.
* Specify Reference Mass in quick fit tab page.

Edit mode list
To select all modes in spreadsheet list

* Execute menu item Edit | Select All
e Or press button ﬂ on the toolbar.

To delete selected mode in spreadsheet list

*  Select a mode in spreadsheet list
*  Execute menu item Edit | Delete

e Or press button ﬂ on the toolbar.

To sort modes in frequency ascending order

*  Execute menu item Edit | Sort | Ascending
To sort modes in frequency descending order

e Execute menu item Edit | Sort | Descending
Synthesize FRF

To synthesize FRF from selected modes

*  Select modes in spreadsheet
e Execute menu item Operate| Synthesize FRF

FRF

e  Or press button ““+|in the toolbar
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The synthesized FRF plot will be displayed on the FRF data block in data block
window.

To delete synthesized FRF

*  Execute menu item Operate| Delete Synthesized FRF

FRF

e  Or press button "4 in the toolbar

Save Mode List

To save mode list to mode shape file

e Execute menu item File | Save Mode Table...

A file open dialog is displayed to prompt you to input desired new file name.

B Mode Table

Filz Mame to Save

File Locabon

[ Save ] [ Cancel ]

Type the desired file name into the File Name to Save box and click Save button.

@ Note: If there is a file with the same file name already in the project, a

warning dialog box will be shown to prompt you to change the input file name.

Duplicated file exists in the project!

Copy to report generator
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To copy modal analysis settings to report generator

*  Execute menu item File | Copy to Report | Analysis Settings...

A dialog box is displayed to prompt you to input desired report item name. Type the
name in Report item name box and click Ok button, the analysis settings is added to
report item list accordingly.

When report generator window being opened, the added report items are shown in
Available Report Items list. Please refer to section Report generation for more
details.

Available Report Ikems

uick Fit - analysis settings ”
Plate Mode - analysis results

To copy mode list to report generator

e Execute menu item File | Copy to Report | Mode List...

1.14 Stabilization Chart Window

Stabilization chart window is used to generate and display stabilization chart. It helps
for modes selection in advanced mode fit process, as Figure 1-52 shows.
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Figure 1-52 Stabilization chart window

Generate stabilization chart

To generate stabilization chart

*  Specify stabilization criteria in control box: Model order, Frequency (%),

Damping (%), and

Shape (%0).

*  Execute menu item Operate | Generate, or press button.

The generated stabilization chart is represented using a group of symbols, s, v, d,
and o. Each symbol represents an estimated mode. The symbols indicate the estimated

mode is stable or not.

Symbol | Frequency Damping Mode
ratio shape
S yes yes yes
Vv yes no yes
yes yes no
f yes no no
0 no no no

Select measure to display

To select FRF data block to show in stabilization chart

*  Select corresponding items in ring control

Reference Plok |SUM
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The selection of NONE will show no FRF data block in stabilization chart.

The selection of ALL will show all FRF data block in stabilization chart.

The selection of SUM will show the summation of all FRF data block in stabilization
chart.

The selection of MMIF will show the multivariate mode indicator function plot in
stabilization chart.

The selection of CMIF will show the complex mode indicator function plot in
stabilization chart.

Change stabilization plot display

To zoom in the data plot

e Click button % on the toolbar.
*  Mouse left key down on the data plot and drag the mouse along abscissa of
stabilization plot.

To zoom out the data plot

¢  Click button El on the toolbar.

Copy to clipboard
To copy stabilization chart into clipboard as a Bitmap

e Execute menu item File | Copy to Clipboard | Bitmap.

1.15 Excitation Window

Excitation window is used to generate the stimulus signal from hardware front end, as
Figure 1-53 shows.
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B Excitation

Front End |Mot Salected v »
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Figure 1-53 Excitation generation window

To connect to front end for signal generation
* Click Front End list box on the toolbar in Excitation window.

Signal generation hardware will be displayed in the list box and are ready to use. The
digit in the square brackets indicates the number of same hardware boards installed.

Fromt End Mot Selected w
| Mot Selected
PCI-4461 [1]

@ NOTE: ModalVIEW only support signal generation hardware of National

Instruments.

* Select a signal generation front end in the list.

After front end being connected, the start button ﬂ is enabled.
To disconnect acquisition window from front end

. PxI-4461 [1
e Click Front End [1] W

¢ Select Not Selected item in the list box.

list box on the toolbar.

Specify output channel
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After the front end being connected, the available channels for signal output are list in
spreadsheet on Channel tab.

Channel Signal

Device  CH Skatus Source Type A
PrI1Slotz 0 ff Random Moise
PrI1glotz 1 ff Random Moise

L
% >

To change the channel properties

* Select a row in spreadsheet, property items under spreadsheet are enabled to
change.

Enable SOurce | Sweep Sine W

Specify output signal

Signal tab contains the parameters for output signal. Please refer to section
Excitation output for details about configuring output signal.

Channel | Signal

Random | Tweep Sine Burst Mode [
Amplitude |5.00 =
Offset 0,00 =
Start Frequency (0,00 =
End Frequency |S.00 =
Period | 10,00 =

Burst Duration (5,00

Perform generation

To start & stop signal generation

¢  Click button ﬂ on toolbar.
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1.16 System Configuration

System settings window is used to configure running attributes of ModalVIEW, as
Figure 1-54 shows.

. System Settings =
Gererdl | Suchae | Messenent

Bumber of Recant Projects

5 - ] Aty Chack Hem Wersion
vengage [ Auto Load Fie
Enghsh -

| Corspact R0 DAG

WOTE; The operation bo changs languans i vabd when ModaWIEW = mestarbad!

[ | cemet || v |

Figure 1-54 System settings window
Recently opened project
ModalVIEW automatically records the file paths of recently opened project, and list
the file paths on menu File | Recent Projects in project window. By clicking

corresponding menu item, the project file can be opened directly.

To specify the number of recorded projects to keep

Mumber of Recent Projects

FY

e Specify g ! on general tab page in system settings window.

Language interface
ModalVVIEW supports two language interfaces: English and Chinese.

To specify the language interface

Language

*  Specify [En9lsh ¥ on general tab page in system settings window.

@ Note: The operation to change language is valid when ModalVIEW is

restarted.

For more information about settings in structure and measurement tab page, please
refer to corresponding sections, Digital movie and Double hit detection.
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2.Creating Geometry Model

Before actually taking modal testing, a 3D representation for structure under test must
be prepared. The 3D structure model is so called a wire-frame model. It comprises of
points and lines connecting the points. The arrangement information for sensors and
shakers are also included in the 3D model. The points on the wire-frame model define
positions where the measurement will be taken or the artificial stimulus will be
applied. A local coordinate system associated with each point defines measurement or
stimulus directions.

2.1 Coordinate system

There are two coordinate systems used in ModalVVIEW to define geometry model,
global coordinate system and local coordinate system. Both of them are defined as
right handed Cartesian coordinate system.

The Figure 2-lillustrates the coordinate systems used in ModalVIEW.

local coordinate system

global coordinate system

Figure 2-1 Coordinate system

Global coordinate system

The global coordinate system is the overall reference frame in which the geometry
model is defined. The location of each node on the geometry model is defined by a set
of real numbers, the coordinates defined in global coordinates system.

Local coordinate system

Local coordinate system is used to define the measurement directions for each node.
Original point of each local coordinate system is superposed with each node position.
The default axis orientation of local coordinate system is consistent with the global. A
local coordinate system is also used to define separate substructures.
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2.2 Model components

ModalVIEW uses nodes, lines and substructures to describe a wire-frame geometry
model as Figure 2-2 shows.

Figure 2-2 Wire-frame geometry model

Node

Node is the basic element in the wire-frame model. In ModalVIEW, each node is
specified by its label, location, and assigned number to specify structure degree of
freedom (DOF). In structure editor window, you can specify these values in tab page

of point properties.

Paint Coordinate

Pissigned DOF |-1 2
Label
Fiide? Label? Colar
] O ||

Line

Line is connected between different nodes to give more visibility to geometry model.
Each line is specified by its label and indices of connected points. In structure editor
window, you can specify these values in tab page of line properties.
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Surface

Surface is used for visual representation of the structure. There are triangular surface
and quadrangular surface defined. Triangular surface is specified by its label and
indices of connected three points. Quadrangular surface is specified by its label and
indices of connected four points. In structure editor window, you can specify these
values in tab page of surface properties.
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P30

P
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Substructure

Substructure is an assembly of nodes and lines. It is convenient to create and
manipulate a complex structure by using several substructures. Each substructure is
specified by its label, geometry type & dimension parameter, and local coordinate
system. In structure editor window, you can specify these values in tab page of
substructure properties.
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Component & Dummy structure

Component is defined as a group of nodes including connected lines and surfaces.
Each node can belong to only one component. Dummy structure is defined as a group
of components. Each component can be part of multiple dummy structures, as Figure
2-3 shows.

|
Node 1 Dummy Structure
: (1

Component 1
Node 2 |

><:
Node 3 I Component 2

Component n

Dummy Structure
(2)

A 4

Node n

—_—— e —

Figure 2-3 Component and dummy structure

By grouping a complex structure into a series of components and dummy structure
with physical meaning, the motion of unmeasured nodes can be accurately
interpolated at component level. The dummy structures can also be displayed and
animated separately.

2.3 Degree of Freedom (DOF)

From a practical point of view, degree of freedom is defined as the independent
motion of the physical structure at given location and direction. Motion at a node on
the geometry model for a direction is named a degree of freedom, or DOF. The total
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number of DOFs for a given geometry model can be computed as the number of
nodes times the number of movement directions at each nodes. For example, the
accelerations of x, y, z directions are measured at each of 100 nodes on a general
deformable body. The number of DOFs would be equal to 300.

In ModalVIEW, DOF for a node is represented by a node number followed by axial
label of its local coordinates system. For example, DOF “1Z’ represents a DOF with
node number being ‘1’ and direction axial being ‘Z’.

The DOF numbers are used as mapping reference when connecting sensors to
channels of data acquisition hardware in model testing experiment. They are also used
as mapping reference when assigning measurement data to nodes on 3D model in
structure animation. In ModalVIEW, it is required to assign a unique DOF number to
each node which is actually measured with a sensor.

2.4 Measurement properties

Measurement properties for each node define the relationship between node motion
and measurement data during structure animation. The measurement properties for
each node include Measure direction and Measure type.

Each node on 3D model has a local coordination. The X, Y, Z axes of local
coordination defines three measurement directions. The directions of X, Y, Z axes
coincide with global coordination of the 3D model by default. In case the actual
measurement direction of the sensor mounted on physical object does not coincide
with default directions of measurement axes, you can adjust the measurement axes of
each node in measurement properties window.

There are three measure types defined for the measurement directions of each node on
3D model: Measured, Interpolated and Fixed. The default measure type for each
measurement directions is interpolated.

Measured nodes on 3D model correspond to the measurement points on physical
object, where measurements are actually made. Generally, there are much more nodes
used to create 3D model structure than the number of actually measured points on
physical object, where the sensors are fixed on. Interpolated and fixed nodes have no
corresponding measurement data with them. During structure animation, the motion
of measured nodes is determined by assigned measurement data (time data, FRF data,
or mode shape). The motion of interpolated nodes is computed according to the
motion of neighboring measured nodes. The fixed nodes are not animated.

2.5 Building a new model

There are a few methods for you to create a 3D model structure in ModalVIEW.

e Add nodes to the drawing, and edit coordinate of each node. Then, add lines
between the nodes.
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e Add substructures to the drawing, and modify them as required.
e Import 3D model from ASCII or UFF file, which contains information of node
coordinates and line connections.

If the structure’s photo or design drawing is available, ModalVIEW also provides the
3D structure model construction from 2D structure profile, which is depicted from
structure image or design drawing. Please refer to the section Generate 3D model
from image for details.

Before drawing a 3D model, structure viewer window and structure editor window
need to be opened as Figure 2-4 shows.

e Click quick start item Drawing 3D Structure Model in project window.
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Figure 2-4 Interface for 3D model drawing

As an example, how to build a plate structure with different methods are illustrated in
following sections.

Build model with nodes and lines
To add nodes to the model
In structure editor window:

*  Select object type as Points on the toolbar

*  Press button j on the toolbar to enable add operation.

In structure view window:

e Click button @ to change window into Quad view.
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e Click mouse cursor in structure view window to add four nodes, as Figure 2-5
shows.
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Figure 2-5 Quad view display

To add lines to the model
In structure editor window:

* Select object type as Lines on the toolbar

*  Press button j on the toolbar to enable add operation.
In structure view window:

¢ Click a node in structure 3D view.
¢ Move mouse cursor to another node and click it.

A line will be added between two nodes, as Figure 2-6 shows.
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Figure 2-6 Operation to add line between points

* Repeat above steps to add other three lines.

Build model with substructures
To create a plate structure with predefined substructures

In structure editor window:

*  Select object type as Substructures on the toolbar

e Press button j on the toolbar.

A dialog box will display for you to select a new substructure.

P Substructures >

~
Trianigle
Circle
Cylinadler
Cube
Cong
Sphare: o

I ok )| coma |

Select substructure Plate and click OK, a plate structure will be added to 3D model.

e Select the new added plate structure in the spreadsheet
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* In the Position property page, press down arrow of rotation control Y to change
plate structure into a horizontal one.

Import model from files

Model structure in UFF, ASCII and STL file format can be imported into structure
view window. You can edit a model structure by using tools from third party and save
the structure into UFF file or ASCII spreadsheet.

For details about UFF, ASCII and STL file format import for structure model, please
refer to section Importing External Files.

Assign DOF number to node

There are three methods to assign DOF number:

1. Automatically assigning

2. Manually assigning

3. Interactively assigning

Automatically assigning is used when all the nodes are measured points and need to
be assigned DOF numbers. Manually assigning and interactively assigning are used

when only part of nodes need to be assigned DOF number.

To automatically assign DOF number

1 4
¢ Click button ﬂ on the toolbar in model editor window

To manually assign DOF number to node

Open model editor window
Choose the object type as Points.
Select one node in spreadsheet list

Y

Specify fssianed DOF |0 *| in node property page.

To interactively assign DOF number to node

1:§:g2
e Click buttonﬁ on the toolbar in structure view window. A floating dialog box
Number DOFs is opened.

B Mumber DOFs

Nexk Point Mumber: | -

( Cearal |[ Emit || ren |

* Click nodes on plate structure one by one.
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The Next Point Number in dialog box is automatically increased. The node will be
assigned different DOF number as Figure 2-7 shows.
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Figure 2-7 Node DOF assignment

Set measurement properties
To specify measurement properties of nodes

e Open measure properties window

* Select one node in spreadsheet

* Inthe Measurement Axes property page, press rotation control, X, Y, or Z to
change the measurement directions of the selected node.

* Inthe M# Assignment property page, specify measure type for each
measurement direction defined by X, Y, Z axes.

* Repeat above steps to specify measurement properties of other nodes.

At this time, the index of measurement data is not assigned to each measurement
direction. You can assign it later when measurement data is ready.

@ NOTE: It is not necessary to specify measurement properties for the
unmeasured nodes without containing measurement directions of ‘measured’ or

‘fixed’ type.

After DOF number being assigned and measurement properties being specified for
each node on 3D model, the new model structure is finished and is ready for use.
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Generate 3D model from image

For an example, the following introduce the generation of 3D structure model for a

gearbox from its design drawing.

To generate 2D structure profile from gearbox design drawing

* In project window, execute menu item Operate | Image View... to open image

view window.

* Inimage view window, execute menu item File | Load... to load gearbox design
, as Figure 2-8 shows.

drawing

To depict nodes of the 2D structure profile

*  Specify object type

Gells ¥ |'in toolbar as Points

«  Click button ™ |to enable the add operation.

* Click on the appropriate place using mouse left button to add a new node on the

structure image.
* Repeat above step to add other points, as Figure 2-9 shows.

P Image Wicw - pearbox. G

File  Diplay
Foirks

Wandow  Helo

Figure 2-8 Design drawing of gearbox
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Figure 2-9 Points of 2D structure profile
To add line between nodes on 2D structure profile

Specify object type 7™ *|in toolbar as Lines

«  Click button _™ | to enable the add operation.

* Click two nodes using mouse cursor sequentially and add a line between two
nodes.

* Repeat above step to add other lines, as Figure 2-10 shows.
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Figure 2-10 Points and lines of 2D structure profile

To save depicted 2D structure profile of the gearbox into a structure file
* Execute menu item File | Save 2D profile...

A file open dialog is displayed to prompt you to select desired new file name. Type
the desired file name into the New File Name box and click OK button, a new
structure file is saved and added into current project.

To generate 3D structure model from created 2D structure profile

*  Click quick start item Drawing 3D Structure Model in project window.
* Instructure view window, load previously saved 2D structure profile.

AEH
e In structure editor window, click button -1 in the toolbar to extrude 2D
structure profile.

A dialog box displays to prompt you to input extrude parameters include extrude
direction and distance.

B! Extrude Parameters

Direction X bt
Digtance 0 <
[ o | [ cancel
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»  Specify the extrude direction and distance as X axial and 300, respectively, click
OK button. The 3D structure model of the gearbox is automatically generated
from the 2D profile, as Figure 2-11 shows.

B Structure 30 View |1.. |rﬂ|p{
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Figure 2-11 3D structure model of the gearbox
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3.Performing Measurement

After 3D structure model being created, measurement experiment is performed to
obtain vibration data of the structure. The vibration data can be measured as
accelerations, velocities and displacements, which are acquired from corresponding
sensors for each measured DOF. To display spatial deformation of the structure with
time, the vibration data from each measured DOF must be simultaneously acquired,
which needs a multi-channel data acquisition hardware system.

3.1 Measurement type

There are two types of measurement data used to analyze vibration of a structure: time
domain operating data and frequency response function (FRF) data. The measured
data can be directly used as animation source to display time-based or frequency
based operating deflection shape (ODS) of the structure. Mode parameters (natural
frequency, damping ratio and mode shape) of the structure can be further exacted
from time record or FRF measurements. The structure can be animated with extracted
mode shapes.

ModalVIEW supports three measurement selections: Time Record, FRF — EMA, and
FRF -OMA.

Time Record is to simultaneously measure time domain data from sensors fixed on
the structure, which is in operating state. The measured operating data can be used
directly to visualize ODS of the structure.

FRF — EMA is to measure frequency response function (FRF) between vibration
response from the structure and reference excitation force to the structure. A set of
FRF measurements (FRF matrix) is commonly used to extract modal parameters of
the structure in experimental modal analysis (EMA). It can also be used for ODS
animation.

FRF — OMA is to measure FRF data synthesized from auto-spectrum of measured
responses with phase information relative to a reference response. It is used to extract
modal parameters of the structure in operational modal analysis (OMA), where
ambient excitation force is unmeasured.

3.2 FRF Measurement

FRF defines the relationship, as a function of frequency, between excitation signal
and response signal from a pair of DOFs on a structure. A set of FRF measurements
from all pairs of DOFs on the structure creates a FRF matrix defined as Figure 3-1
shows.
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Figure 3-1 FRF matrix

Y; is the spectrum of response signal at DOF i, X, is the spectrum of excitation signal
at DOF j, and H; is the FRF between DOF j and DOF i. The FRF are estimated from

the measured auto- and cross-spectrum of and between input and output (There are
also some other methods to compute FRF). Each row of FRF matrix has the same
DOF for response and different DOFs for excitation. Each column of FRF matrix has
the same excitation DOF and different DOFs for excitation.

Single-reference testing

Theoretically, FRF matrix is symmetric. Each row of FRF matrix has the same FRF
measurements as its corresponding column. And one row or column of FRF
measurements contains sufficient information to estimate modal parameters of the
structure. In practice, a set of FRFs are measured with a fixed excitation (roving
response) or a fixed response (roving excitation), which is called single-reference
modal testing.

In the fixed excitation test, a shaker is used as an excitation source, which is fixed at
one reference DOF (point and direction) on the structure. Multiple responses are
measured at different DOFs by roving sensors (unless there are available sensors for
all response DOFs). The calculated FRFs correspond to one column of the FRF matrix,
as Figure 3-2 shows.

— (1| [Hy |Hag| Hz - Hy|[%]
Roving T Hy |Hp| Hy - Hy -+— Fixed Shaker
Sensors —= [V \+ = H, |H,| Hy - Hy [¥Hsp

— ,_Yn, _Hrul Hnﬁ HrB Hm_ ,_:K:n,

Figure 3-2 FRF measurement with fixed excitation

In the fixed response test, an impact hammer is used as an excitation source, which
applies excitation at different DOFs. Single response is measured at a reference DOF
by a sensor fixed on the structure. The calculated FRFs correspond to one row of the
FRF matrix, as Figure 3-3 shows.
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Figure 3-3 FRF measurement with fixed response

From above, the single reference testing is performed with a roving response (fixed
excitation) or a roving excitation (fixed response). When performing FRF
measurement, ModalVVIEW provides two selections of measurement mode: Roving
Response and Roving Excitation. In roving response mode, one acquisition channel
is reserved for measuring excitation at reference DOF. The left channels are used for
measuring roving responses. In roving excitation mode, one acquisition channel is
reserved for measuring response at reference DOF. The left channels are used for
measuring roving excitations.

Multi-reference testing

There are some situations require FRF measurements with more than one reference
DOF. That is to say FRFs are measured with multiple fixed excitations or multiple
fixed responses, which is called multi-reference modal testing. The calculated FRFs
correspond to more columns or rows of the FRF matrix.

Multiple-reference testing can be used in following cases:

* Asingle reference DOF is not sufficient to find all modes.

* For some symmetrical structure, more mode shapes are corresponding to the
same natural frequency.

* The structure can not obtain adequate excitation from one reference DOF.

The advantage of multiple excitations is that the energy can be uniformly distributed

over the structure. It is especially necessary for the testing of large and complex

structures.

ModalVIEW supports multi-reference testing. You just need to specify two or more

reference DOFs in measurement settings. Acquisition channels will be reserved for
measuring multiple fixed excitations or multiple fixed responses.

FRF Calculation

For single-reference testing, a single FRF measurement can be calculated as following
methods:

H, =S, /Sy Or H, =S, /Sy
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Syxand S, are the auto spectrum of excitation and response signal, respectively.
S,y is the cross spectrum between excitation and response. S, is the cross spectrum
between response and excitation. S, is conjugate with S, .

Windowing

Fast Fourier transform (FFT) is used to compute auto spectrum and cross spectrum.
When the FFT of non-periodic excitation is computed, the resulting spectrum suffers
from ‘leakage’. Leakage is the smearing of computed spectrum. It leads to a distorted
and inaccuracy FRF measurement. To reduce the leakage effect, a special windowing
function is applied on the measured time domain data before FFT operation on it.

For different excitation signal, ModalVVIEW provides several very commonly used
windows. You can select proper window to use according to Table 3-1.

Excitation Type Window Type
Periodic signal Rectangular
Broad band random signal Hanning
Narrow band or sinusoid signal Flat top
Impulse (transient) signal Force / Exponential

Table 3-1 Window type selection

Two extra parameters need to be specified for force / exponential window: Duty cycle
(%) and Final value (%0).

Duty cycle (%0) is to specify the percentage of time the force window has a value of
“1” prior to and during the impulse signal versus “0” following the impulse.

Final value (%) decides how much the exponential window damps the value at the
end of response signal in percentage. The default value is 10%. That imply at the end
of response signal, the exponential window has attenuated the response signal by 90%.

N
NOTE: If the response signal decays to zero before the end of sampling due

to the special excitation of impact or burst random, no window is required.

Averaging
In FRF calculation, spectrum average is used due to following reasons:

* Random noise in the measured signal.
* Non-linearity from the structure dynamics.

To improve measurement accuracy, FRF is obtained by averaging repeated
measurements at the same excitation DOF and response DOF. Commonly used
averaging types include RMS averaging and vector averaging. RMS averaging is
used for random signal excitation. Vector averaging is used for impulse excitation.
Linear weighting and exponential weighting are typically used weighting mode. In
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a linear average, all measurements have the same weight to compute mean value. In
exponential average, the last measurement has the most weight and the first
measurement has the least weight.

By averaging, H, method can reduce the fluctuation due to the influence of random
noise at the response measurement. H, method can reduce the influence of random
noise at the excitation measurement.

In modal testing, the noise disturbance is mostly from response measurement.
ModalVIEW selects the method H, and H, for FRF calculation. Average mode and

average count can also be specified in measurement setting.
Coherence

In FRF measurement, coherence function is to check the correlation between stimulus
signal and measured response signal. It is used as a quality assessment of measured
FRF data. The coherence function is defined as following

V= |SXY|2/(SXXSyy)

Coherence is always less than or equal to one. The low coherence indicates there is
uncorrelated noise measured FRF data.

Synthesized FRF for OMA

Due to its physical size or boundary condition, sometimes it is impossible or difficult
to excite the structure with external forces. Operational modal analysis (OMA) is used
to identify modal parameters of the structure by utilizing only response measurement
of the structure in operational condition. Without measuring excitation signal, FRF is
synthesized from auto spectrum of roving responses combined with the phase of the
cross spectrum between the roving response and a reference response.

ModalVIEW provides measurement type FRF — OMA. Synthesized FRF can be
generated from measured responses and used to exact modal parameters for
operational modal analysis.

3.3 Data acquisition

ModalVIEW uses dynamic signal acquisition (DSA) hardware of National
Instruments as data acquisition front-ends enabling applications from 4 to hundreds of
input channels. ModalVIEW can simultaneously acquire data directly from multi-
channel DSA hardware. The installed DSA hardware can be identified and listed in
front end list control in ModalVIEW measurement window.

The most commonly used NI DSA hardware includes:

NI 923x 4 channel
NI 446x 2 channel
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NI 447x 8 channel
NI 449x 16 channel
NI 443x 5 channel

For more information about NI DSA hardware, please refer to National Instruments
Corp, http://www.ni.com.

Setup measure channels
To setup measure channels involves following steps:

e Open measurement window
e Select DSA hardware from Front End list box

For an example, NI 4472 is selected

Front End |[Mot Selected w
—— ./ Mot Selected -
PCI-4472[1]

The digit in the square brackets indicates the number of same hardware boards
identified. ModalVIEW will connect to all the same type of DSA hardware and
automatically synchronize them.

g |
«  Click button %l on toolbar to configure input channels

In DAQ setup window, eight input channels are displayed in channel spreadsheet, as
Figure 3-4 shows. The properties for each channel include: Status, Coupling, IEPE,
Input Range, Sensitivity and Engineering Unit.

Device ZH  Status  Coupling IEFE Input Range Sensikivity Engineering Unit
PrI1Sl0tZ 0 Zn A 4 b +l-0.5Y 1000 mv/EL W
PrI1Sl0tZ 1 Zn A 4 b +l-0.5Y 1000 mv/EL W
PrI1Sl0tZ 2 Zn A 4 b +l-0.5Y 1000 mv/EL W
PrI1Sl0tZ 3 Zn A 4 b +l-0.5Y 1000 mv/EL W
PrI1Sl0tZ 4 Zn A 4 b +l-0.5Y 1000 mv/EL W
PrI1Sl0tZ 5 Zn A 4 b +l-0.5Y 1000 mv/EL W
PEI1Sl0tZ & o A 4 b +1-0.5Y 1000 miEL W b/
< >

Figure 3-4 Channel spreadsheet

Coupling is for selecting either AC or DC coupling on hardware channel. AC
coupling removes the DC offset from the input signal. DC coupling allow measuring
the entire signal. In vibration measurement, AC coupling is often selected.

IEPE is for specifying channel to generate the required current for IEPE sensors.

Accelerometers for vibration measurement often need IEPE excitation. Please refer to
sensor specification for IEPE selection.
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Input Range is for specifying the minimum and maximum analog signal levels for
input channel. A smaller range can improve the measurement precision. The input
range can not be specified arbitrarily, please refer to hardware specification for details.

Sensitivity is for specifying the sensitivity of the sensor in volts per engineering unit.
Please refer to the sensor documentation or perform channel calibration to determine
this value.

Engineering Unit is for specifying the units to use to return channel measurements.

For vibration measurement using NI 4472 front end and IEPE accelerometers, the
following table shows one of typically used channel settings.

Coupling IEPE Input Range Sensitivity Engineering Unit

AC 4mA +/- 10V 100 mV/EU g

You can select one channel in channel spreadsheet and press button, the
settings of all the following channels will be updated into the same one as selected
channel.

Perform channel calibration

In practice, it is necessary to check if the sensors are working properly as expected
and to calibrate the sensitivity of sensors or the whole measurement chain. The values
of calibration can be set back into channel sensitivity settings.

ModalVIEW uses AC calibration method to compute sensor/channel sensitivity. In
this method, a sinusoidal load (reference signal) with known amplitude and frequency
is applied to the sensor. The data acquisition front end measures the voltage signal
from the sensor/channel to calibrate. The sensitivity of the sensor can be calculated
from the amplitude of measured signal.

Sensitivity (MV/EU) = A are | At

A casure 1S the amplitude of the measured signal in RMS.
A, is the amplitude of the reference signal in RMS and expressed in engineering unit.

To calibrate an input channel involves the following steps:
In Calibration tab page of DAQ Setup window

* Select the channels to be calibrated by checking the checkbox of each channel.
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Device ZH Criginal Sensitiviky Calibrated Sensitiviey A

cOaC2Mad] 1000 my/ELI

cOazModl 1 1000 ' /ELI =
[] cCdQeModl 2 1000 my/EU S
[] cCagzModl 3 1000 iy /ELI S

*  Specify the frequency, amplitude and duration of the reference signal.

Frequency (Hz) Lewel (EU rms) Duration {sec)
1000 - 1 - 5 -

»  Start the reference signal generation.

@ NOTE: The generated reference signal must have a frequency value close

to the specified reference frequency. The amplitude must be reasonably stable.

*  Press button to start the aquistion for calibration, and the indicator

o will flicker unitl the calibration process ends.
Once the calibration process finish, the calibrated sensitivity will be displayed.
Compare the measured sensitivity to the sensor documentation. If the difference of

sensitivity lies within a reasonable limit, the new sensitivity value will be considered
as good value. Or repeat the calibration process again.

*  Press button to newly calibrated sensitivity into channel sensitivity
settings.

Specify acquisition parameters

After measurement channels being configured, the acquisition parameters are to be
specified on Acquisition tab including sampling rate, block size and triggering.

Sampling Rate (Hz) is specified above 2.5 times of interested maximum frequency
component in measurement signal. For an example, if interested maximum frequency
in measurement signal is 400Hz, the sampling rate are generally set about 1000Hz.

For measurement of period signal, Block Size (Points) is specified according to
expected frequency resolution.

Frequency resolution = Sampling Rate / (2 *Block Size)

For measurement of transient signal, Block Size (Points) is specified to insure the
signal decay to zero before the end of the acquisition.
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To verify configuration of measurement channels and acquisition, you can check
Scope Mode. In scope mode, signal are continually acquired from enabled channels
and shown in the upper channel monitor area of measurement window. ModalVIEW
provides two monitoring types: time record and power spectrum. You can select it in
Monitoring Type.

Trigger box need to be checked when perform hammer impact testing. In trigger
mode, the data acquisition will be held until trigger condition is met.

Trigger Source is to specify the measurement channel from which the signal is used
as trigger source. The measurement channel for trigger source is commonly used for
impact force acquisition.

Type specifies on which slope of the signal to start acquiring, positive slope or
negative slope.

Level (%) specifies at what threshold level to start acquiring. The level is defined as
percentage of maximum channel input.

Pre-trigger (%) specifies samples of data to acquire before the trigger occurs. Pre-

trigger insures that entire impact signal is captured. The pre-trigger sample is defined
as percentage of total block size, as Figure 3-5 shows.

Pre-trigger samples

< »
al >

&
«

A 4

Block size

Figure 3-5 Pre-trigger diagram

The trigger level and pre-trigger are highlighted on channel monitor graph with a
cross line, as Figure 3-6 shows. The horizontal line indicates the trigger level, and
vertical line indicates the pre-trigger position.

Time (=)

Figure 3-6 Pre-trigger indication

After above data acquisition related parameters are specified, close DAQ setup
window and return to measurement window.
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3.4 Excitation output

For shaker excitation in testing experiment, a signal generator is used to generate
excitation signal to drive the shaker. The commonly used excitation types include
random, and sweep sin (Chirp). They all can be generated by burst mode. In burst
mode, the excitation signal is continuously generated followed by a short period of no
excitation. This makes windowing being unnecessary before FFT computation.
ModalVVIEW can generate uncorrelated random excitation signals for multi-reference
testing.

ModalVIEW uses dynamic signal generation hardware of National Instruments as
signal generator to drive the shaker. The installed dynamic signal generation hardware
can be identified and listed in front end list control in ModalVIEW excitation window.

The most commonly used NI dynamic signal generation hardware includes:

NI 4461 2 channel
NI 4431 1 channel

For more information about NI dynamic signal generation hardware, please refer to
National Instruments Corp, http://www.ni.com.

To setup excitation output involves following steps:

e Click button M on toolbar in measurement window.
In opened excitation window
* Select dynamic signal generation hardware from Front End list box

For an example, NI 4461 is selected

Fromt End Mot Selected w
| & Mot Selecked
PCI-4461 [1]

Signal generation hardware will be displayed in the list box and are ready to use. The
digit in the square brackets indicates the number of same hardware boards installed in
computer.

Setup output channels
After front end being connected, the available channels for signal output are list in

spreadsheet on Channel tab. Each channel can be respectively specified signal type
for output.
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Channel Signal

Dewvice CH Skaktus Source Type A
D2 0 Cff Fandom Maise
D2 1 Cff Fandom Maise

L
£ *

The properties for each channel include: Status, Source Type.

Status is to enable channel for output excitation.
Source Type is for selecting excitation type including random noise and sweep sine.

Specify excitation signal

After output channels are configured, the parameters for excitation signal are to be
configured on Signal tab.

Amplitude specifies the peak value of excitation profile in voltage. Offset specifies
the DC offset of excitation profile in voltage.

Start Frequency specifies the beginning of the sine sweep range in Hertz. End
Frequency specifies the ending of the sine sweep range in Hertz.

Burst Mode is to select if excitation signal is generated in burst mode.
Period specifies the total time used to generate one single excitation profile in second.

Burst Duration specifies the time of no excitation in burst mode. The duration is
included in the total time for one period, as Figure 3-7 shows.

burst duration

T
M
—

period

excitaton profile

Figure 3-7 Burst mode diagram

Before starting excitation output, check the connection between dynamic signal
generation hardware and the shaker amplifier.

3.5 Testsetup
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In test setup, measurement information such as testing type, number of DOFs to
measure etc, and data post-processing such as windowing, averaging etc, are specified.
According to test information, ModalVVIEW will automatically create measurement
sets, which define connections between acquisition channels, sensors and measure
points on structure under test, to guide you to finish measurement in batches. The
information of roving points or reference points for each measurement set can be
highlighted on 3D model, which indicate where to arrange sensors on the structure

and where to give excitation.

To setup testing experiment involves following steps:

* Click button _=1on toolbar to open Test Setup window.
Specify measurement

To define a measurement, there are three parameters for you to select in measurement
tab page: type, number of node and mode.

For different testing experiments, you can select type and mode according to the
following table.

Selection
Testing Experiment Type Mode

Operational Time-based ODS Time record N/A
excitation FRF-based ODS FRF - OMA Roving response

Modal analysis FRF - OMA Roving response
Roving hammer | FRF-based ODS FRF - EMA Roving excitation
Impact Modal analysis FRF - EMA Roving excitation
Fixed hammer FRF-based ODS FRF - EMA Roving response
Impact Modal analysis FRF - EMA Roving response
Fixed shaker Modal analysis FRF - EMA Roving response
excitation

Operational excitation is used when it is difficult to apply artificial excitation the
structure due to its physical size, boundary conditions or testing environment.

Number of Node is to specify how many nodes on structure model are consecutively
assigned DOFs and to be measured as response points.

Select DOF range

DOF range is to specify which DOFs (nodes and directions) on structure model are to
be measured in testing experiment. The roving DOFs and reference DOFs are
specified respectively. For time record, only the range of roving DOF is required to
specify. For measure type of FRF - EMA and FRF — OMA, the range of reference
DOF is also required.
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To specify the range of Roving DOFs

«  Enter DOF number into "% or check box Al DoFs

. . Z W
¢ Select measurement axial in

The DOF number of Roving DOFs can be entered in number or in ranges separated
by commas. For example: 1, 3, 5-12.

If All is selected for measurement axial, X, Y and Z axes will all be included.

If All DOFs is checked, Roving DOF numbers will be disabled and be automatically
specified as 0, 1, 2, ..., Number of Nodes.

To specify the range of Reference DOFs

. Ref DiaFs |0
e Enter DOF number into "= o e 2=

. . T W
e Select measurement axial in

The DOF number of Reference DOFs can be entered in number or in ranges
separated by commas. For example: 1, 3, 5-12.

The total number of measurements is decided by the number of Roving DOFs. One
measurement channel is required for each DOF.

For example, the setting as Figure 3-8 will generate 8*3 = 24 DOFs. The total number
of measurements is 24.

Setkings

Type |Time Record w

Murber of Modes | &

i

Mode |Roving Response [ Jwith Tacho or MIC
[OF Range
Rowing DOFs | 1 Z v all DOFs
Reference DOFs | 1 Z | []inBatches

Enter DOF numbers andfor DOF ranges seperated by commas,
For example, 1, 3, 5-12

Figure 3-8 Time record measure (24 DOFs)

The setting as Figure 3-9 will generate 11*3 = 33 DOFs. The total number of
measurements is 33.
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Setkings

Type | Time Record w

Mumber of Modes |12

4

Mode |Roving Response [ Jwith Tacho or MIC
DOF Range
Foving DOFs |1, 2, 3, 514 Z » | []alDoFs
Reference DOFs | 1 Z ~ | []InBatches

Enter DOF numbers andfor DOF ranges seperated by commas,
For example, 1, 3, 5-12

Figure 3-9 Time record measure (33 DOFs)

Acquire speed or sound signal

When performing model testing of the structures such as rotating machine, engines
etc, it usually requires simultaneous acquisition of speed or sound signal besides

vibration signal. In measurement tab page, if [J¥ith Tacha or MIC js enapled, a dedicated
acquisition channel will be reserved for tachometer or microphone when generating
measurement sets.

Specify post-process

When the measure type is selected as FRF — EMA or FRF — OMA, some parameters
for FRF calculation from time domain data are to be specified.

Window type is selected according to excitation type as in Table 3-1.
When impact excitation is used, average count is specified according to noise level in
response measurement. The commonly specified value is 3-5. When random

excitation is used, a large average count is needed.

When coherence is checked, the coherence plot will be displayed in measurement
window during FRF measurement

Generate measurement set

When the total number of measurements is greater than the number of available
channels in DSA hardware, the measurements can be acquired in multiple
measurement sets. ModalVIEW can automatically generate measurement sets
according specified measurement type, DOF range and available measurement
channels.

To generate measurement set
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*  Click button on tab page Measurement Sets.

The measurement set will be listed in spreadsheet

Device _H Usage DoOF Sensitivity
Piel15lakz ] Excitation 0z 1000 mYy ELU
Piel15lakz 1 Response 17 1000 mYy ELU
Piel15lakz z Response 27 1000 mYy ELU
Piel15lakz 3 Response 37 1000 mYy ELU
Piel15lakz 4 Response 57 1000 mYy ELU
Piel15lakz 5 Response 3% 1000 mYy ELU

¢ PrI15lobz G Resoonse 7L 1000 IT|'I.I'J'EL|} L

¢  Click button «|» to view different measurement set.

The usage and DOF assigned to acquisition channel can be manually changed in each
measurement set.

To manually change the assigned measurement for acquisition channel

* Select the acquisition channel in measurement set.

- Tnact
 Change the usage in "398 [na=tve %]

. . . DOF|O &z |
¢ Select DOF number and measurement direction in

After measurement sets for testing experiment are generated, close Test setup window
and return to measurement window.

3.6 Testing process

After measurement sets are generated, it’s time to start testing experiment. The testing
process is shown in the diagram below.
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Select measurement set

v

\ 4

Data Acquisition

A

Data is valid?

Save measurement

All
measurement
sets?

No

End

Measurement guidance

During experiment process, the information of data acquisition, testing setup,
excitation and response DOFs for current measurement set, average count etc. will be
displayed in measurement window.

Enabled Channels: &

Sampling Rate: 1024 Hz

Block Size: 1024

Start Mode: Trigger {PXI15lotZ/CHO)
Measure Type: FRF - EMA

Excitation DOFs:

[1F.2

Response DOFs:

02 12 22 32 42 572 b2

Average Count: 0 /0

According to displayed measurement status, you can arrange sensors to corresponding
DOFs on 3D model. Average count will tell how many measurements are performed
and averaged for current measurement set.
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The DOFs of excitation or responses for current measurement set can be displayed on
3D model structure to guide you to arrange sensors or apply excitation.

To display measurement guidance on 3D model

e Click button ﬂ on toolbar in measurement window.
¢ |Load 3D model structure into structure view window.

When measurement set is selected, the corresponding guidance will display on 3D

model. Label ‘S’ indicates DOFs for excitation. Label ‘R’ indicates DOFs for
response.

L

Double hit detection

In impact testing experiment using impact hammer to hit the structure under test,
double-hits occur when the hammer contacts the rebound structure second time. The
measured excitation signal is shown as in Figure 3-10.

0.8
0.6
0.4-
0.2+

0.2 T
] 1 z2

Figure 3-10 Excitation signal with double hit

The quality of measured FRF data will be deteriorated due to double hit of impact
hammer. The operator should discard current FRF measurement. By default,
ModalVVIEW enables the double hit detection. When double hit is detected in
excitation signal, a warning dialog window will be shown to prompt operator to
discard current measurement.
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Rejeck current measurement?

[ K d [ Cancel

To setup double hit detection
* In project window, execute menu item Operate | Option....

The system settings window is opened, as Figure 3-11 shows.

B Systam Setiings ko

Genersl | Stucture | Maasunement

Diouble-hit Amphtude (2%

u
o -

[ClEnable Double-his Debection

[l Data Rajpecton

[ oc | | conca |

Figure 3-11 System settings window

In Measurement tab page

Double-hit Amplitude (%6

a >

e Change into a new one. The default value is 60%. Double-hit
is detected according to if the amplitude of second pulse exceeds the specified
percentage of the amplitude of main pulse in measured impact signal.

e Check []Enable Double-hit Detection to enable double hit detection.
e Check [ Auto DataRejection to qutomatically discard measured FRF data when

double-hit occurs.
Measurement steps

You can finish testing process as the following steps.

In measurement window

e Click button ﬂ on toolbar

The structure view window is opened for the display of DOF guidance. This step is
not required.
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e Click button im to select a measurement set.

* According to DOFs guidance displayed in measurement status, fix sensors to
corresponding positions on structure and connect them with corresponding
acquisition channels.

e Click button ﬂ on toolbar to start data acquisition for current measurement set.
*  Apply multiple excitations to the structure until average count being reached.

A dialog box will show to prompt you to keep current measurement to measurement
list.

keep current measurement?

[ K i [ Cancel ]

If the measured data is valid, click OK button to keep current measurement. Or click
Cancel button and restart data acquisition again by clicking buttonﬂ .
* Repeat above steps until all measurement sets are finished.

*  Execute menu item File | Save Measurement... to save measured data into data
file for further use.

3.7 Merge multiple test

When the measurement sets for the testing experiment are too many to be finished in
one time, you can finish measurement sets in batches. The measured data for each
time can be saved in a separated data file.

To merge separated data files into a single data file

*  Open one of data files to merge in data view window.
e Execute menu item Edit | Merge from File...

A data block selection window is opened for you to select data file to merge. Select

one data file and click OK, the selected data file will be merged into current opened
data file.
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Repeat above step until all the data files are merged in.
Save the current opened data file as a new one.

The newly saved data file will contain all the measurement data merged from
separated data file.
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4.Modal Estimation

After a set of FRF measurements is obtained in testing experiment, modal parameters
of the structure can be identified by curve fitting FRF data.

4.1 Methods

In modal parameters, frequency and damping are global characteristics of a structure.
Theoretically, they can be found in any FRF measurement taken from different DOFs.
To estimate mode shapes, the entire data set of FRF measurements from separated
DOFs is required. According to how modal estimation is performed from the data set
of FRF measurements, curve fitting methods for modal estimation can be classified as
following:

SDOF vs. MDOF

SDOF method estimates modal parameters of a single mode at a time. MDOF method
IS to simultaneously estimate one or more modes from FRF measurements.

SDOF method is valid when the structure is simple and contains lightly coupled
modes. In another word, the modes of the structure are well separated in frequency,
and the frequency response at one frequency is lightly influenced by neighbouring
modes. It is necessary to use MDOF method when the complex structure contains
heavily coupled modes. That is the frequency response at any frequency is a
combination of many modes.

Modal coupling can be indicated from the peaks in FRF plot, as Figure 4-1, Figure
4-2 shows.

Frequency

Figure 4-1 Lightly coupled modes

Frequency

Figure 4-2 Heavily coupled modes
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Local vs. global

Local method estimates modal parameters of frequency and damping from individual
FRF measurement. Global method is to estimate frequency and damping from a full
set of FRF measurements at a time.

Compared to local method, global method yields better estimates of frequency and
damping, especially when local modes exist in FRF measurements. In another word,
resonance peaks corresponding to local modes wouldn’t appear in some FRF plots, as
Figure 4-3 shows.

Measure ¥ 12
Local mode

Measure # 13

Figure 4-3 Local mode

Single reference vs. poly reference

Single reference method estimates modes from FRF measurements with only one
reference DOF, which correspond to one column or row of the FRF matrix. Poly
reference method estimates modes from FRF data with more than one reference DOF,
which correspond to more columns or rows of the FRF matrix.

Poly reference method is used in cases where a structure has closely coupled modes.
This is often referred as repeated roots, from which modal parameters of frequency
and damping are extracted.

Out-of-band modes
In practice, modal parameters are estimated in an interested frequency band. The FRF

data in the selected frequency band contains effects of modes outside of the band as
Figure 4-4 shows.
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Selected frequency hand

Figure 4-4 Out-of-band modes

To obtain accurate modal parameters, the effects from out-of-band modes must be
compensated in curve fitting method. For the MDOF method of polynomial curving
fitting, the effects can be compensated by specifying extra terms for numerator
polynomial in curve fitting model. The curving fitting model for FRF measurement is
defined as following:

H(a))_N(w)—i—E( )_g(ja)+bi)
P(®) (jo+a)

The polynomial order m for numerator is greater than the order n for denominator.
The order for extra terms is defined asm—n .

Stabilization chart

Stabilization chart is used to find physically meaningful modes from a set of
computed modes by curve fitting. The stabilization chart is created with horizontal
axis being frequency and vertical axis being model order. The computed modes for a
range of model orders (number of modes to estimate) are displayed on the chart.
Theoretically, the physical modes of the structure always appear at a nearly identical
frequency, this is an indication that physical modes are stable, while mathematical or
fake modes scatter at different frequency, as Figure 4-5 shows.
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Frequency (Hz)

Figure 4-5 Mode stabilization chart

The mode stability is decided by the stability of its three modal parameters, frequency,
damping and modal shape. The stability criteria are defined as the changing ratio of
modal parameters from a lower model order to a higher model order as following:

| pn - pn—1|
pn—l

x100%

The typical values for stability criterion:

*  Frequency stability (1%)
*  Damping ratio stability (5%)
*  Modal shape stability (2%).

The computed modes on stabilization chart are represented using a group of symbols,
s, v, d, fand o. Each symbol represents an estimated mode. The symbols indicate the
estimated mode is stable or not.

Symbol | Frequency | Damping ratio | Mode shape
S yes yes yes
v yes no yes
yes yes no
f yes no no
no no no

Select stable modes

ModalVIEW provides two methods, auto select and manual select, to select stable
modes from stabilization chart.

For auto selection, frequency width and stable number are specified. ModalVIEW
picks stable modes from stabilization chart by judging the number of stable modes in
given frequency width. If the number of stable modes is greater than specified stable
number, the mode in corresponding frequency range is regarded as stable mode.
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For manual selection, you can manually pick stable modes from stabilization chart
using mouse cursor according to the indication from stability symbols.

A
NOTE: The stability chart is used for obtaining frequency & damping

estimates in the advanced fit method.

4.2 Quick fit

Quick fit in ModalVIEW is a rational polynomial fit (RPF) method to extract modal
parameters from a set of FRF measurements. It is a global fitting, MDOF methods. It
also supports FRF measurements from multiple-reference testing, which are used to
estimate closely coupled modes or repeated modes of a structure.

N
NOTE: Quick fit method works best to extract sparsely-spaced, light-

damped modes in a narrow frequency band.

Quick fit involves several steps:

Select frequency band for mode estimation.

Specify the number of modes to extract in the frequency band.

Specify polynomial extra term to compensate effects from out-of-band modes.
Select primary reference DOF if multiple-reference FRF measurements are used.
Perform modes estimation for selected frequency band.

Overlap fitted FRF plot with FRF measurements to verify fit quality.

Save the estimated modes into a mode file.

NogakrowhE

A quick fit example

*  Select “plate” demo project in example finder.

The structure file “plate” and data file “freq response” are contained in the project.
* Double click data file “freq response” in project tree.

The data file will be loaded and displayed in data view window, as Figure 4-6 shows.
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Figure 4-6 Measured FRF data view

In data view window

* Press M and b buttons in the data viewer window to show the band cursor
and cursor values in the data graph.

* Use band cursor to specify frequency band you want to estimation modal
parameters. In this example, a frequency range from 215Hz to 835Hz is selected,
as Figure 4-7 shows.

P! Data Block  freq response.dat r.. |rﬂllpl-,
Fla Edt Diphy Process Window Help
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i] 0 400 G0 B0 th, L2k 1, -1 15 o, b3 24K 2.5k
Fraquenty (Hz)

Figure 4-7 Frequency band selection

*  Press button @ in the data viewer window to open mode estimation window.
In mode estimation window

e On the Quick Fit tab, set the number of Modes to fit in the specified frequency
band. Each peak in FRF measurements indicates at least one mode. There are two
peaks in the selected frequency range. The number of Modes is set two.

*  Keep the default value 4 of Extra Term to compensate out of band modes.

* The used FRF data has only one reference DOF. There is one selection for
Primary DOF: 11Z.
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* Click button, the estimated modes will be listed in the modal
parameter spreadsheet.

*  Check Show FRF FIT box, the red synthesized FRFs from estimated modes are
computed and overlaid with original FRFs. The synthesized FRFs should match
original FRFs well if estimated modes are accurate enough, as Figure 4-8 shows.

B Data Black . freq response.dat
Fila Edt Dopliy Prooess Window  Help
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Friquency (H)

Figure 4-8 Comparison of synthesized FRF and original FRF

* Click 'E button, to keep the estimated modes into modes list.

You can repeat above steps and continue to fit modes of interest in other frequency
bands. After finishing estimation for all modes of interest, execute menu command
File | Save Modes... in the mode estimation window, a dialog prompt file name to
save. Input file name “modes” and click OK. The mode table file “modes” will be
saved in estimated modes and displayed in ModalVIEW project tree.

4.3 Advanced fit

Advanced fit in ModalVIEW is a least-square complex frequency (LSCF) method to
extract modal parameters from poly-reference FRF measurements. It is a global fitting,
MDOF method.

@ NOTE: Advanced fit method works best to extract closely-spaced modes in
a wide frequency band.

Advanced fit involves several steps:

*  Select frequency band for mode estimation.

*  Generate mode stabilization plot.

*  Select physical modes from stabilization plot.

*  Select primary reference DOF if multiple-reference FRF measurements are used.
*  Estimate mode shape for selected modes.

* Overlap fitted FRF plot with FRF measurements to verify fit quality.

*  Save the estimated modes into a mode file.
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An advanced fit example

*  Select “plate” demo project in example finder.
* Double click data file “freq response” in project tree.

In data view window

*  Press M and tos buttons in the data viewer window to show the band cursor
and cursor values in the data graph.

* Use band cursor to specify frequency band you want to estimation modal
parameters. In this example, a frequency range from 185Hz to 2185Hz is selected.
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e Press button % in the data viewer window to open mode estimation window.
*  Select the Advanced Fit tab in mode estimation window, the stabilization chart
window is opened.

In stabilization chart window

*  Specify maximum model order to compute modes in control box Model order. In
this example, default value 40 is used.

*  Specify stabilization criteria in Frequency (%), Damping (%), and Shape (%0).
The default value is used as 1%, 5% and 2% respectively.

e Press button to generate stabilization chart.

_kak -
e Select Measure # DOF - ¥ to overlap FRF measurements with

stabilization chart. Item “DOF# - 0Z:11Z” is selected to display the FRF
measurement of 0Z:11Z on stabilization chart.

* Select physical (stable) modes from stabilization chart.

To automatically select stable modes:

In mode estimation window

»  Specify Frequency Width and Stable Number being 1(Hz) and 5 respectively.

e Click button.

The selected stable modes will be added into mode spreadsheet, as Figure 4-9 shows.
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To manually select stable modes:

Inde:x

EO‘\-JD\LH-PI'.AJN'—‘H

Frequency (Hz)
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Damping [%:)
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0,035

0,133
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0.076
0,053
0,065
0,093

Figure 4-9 Auto selected modes

*  Click mode symbol with mouse cursor in stabilization chart, the selected symbol
will be circled with a red ring. The frequency and damping values of selected
mode will also be displayed in control Frequency (Hz) and Damping (%0) in
mode estimation window, as Figure 4-10 shows.

40

35

36

34

3z

30

ik
s}

mmmm@mmm

L T S o .

1

55
55
i
55
i

2

i

O < S S uwowm = on o n S o

[m]

mmmmmmmmmmmmm{!e

Frequency (Hz)
341,41
Dramping [%:)
0.054

Figure 4-10 Manually selected stable modes

e Click button to add selected mode into mode spreadsheet.

* Repeat above steps until all the stable modes to be selected are added into mode
spreadsheet.

To delete selected stable modes from mode spreadsheet:

* Select the mode in the spreadsheet.

«  Click button

After all the physical modes are selected, the mode shapes for selected physical
modes can be estimated.

* The used FRF data has only one reference DOF. There is one selection for
Primary DOF: 11Z.

* Click button, the mode shapes are estimated.
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*  Check Show FRF FIT box, the red synthesized FRFs from estimated modes are
computed and overlaid with original FRFs. The synthesized FRFs should match
original FRFs well if estimated modes are accurate enough, as Figure 4-11 shows.
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Figure 4-11 Comparison of synthesized FRF and original FRF

After finishing estimation for all modes of interest, execute menu command File |
Save Modes... in the mode estimation window, a dialog prompt file name to save.
Input file name “modes” and click OK. The mode table file “modes” will be saved in
estimated modes and displayed in ModalVIEW project tree.

4.4 Operational Modal Analysis

ModalVIEW also provides stochastic subspace identification (SSI) method to extract
modal parameters from a group of time records. It is a global fitting, MDOF method
for operational modal analysis (OMA).

SSI method involves several steps:

*  Preprocess time records using filtering and down sampling.
*  Generate mode stabilization plot.

*  Select physical modes from stabilization plot.

*  Estimate mode shape for selected modes.

*  Save the estimated modes into a mode file.

An OMA example

e Select “bridge” demo project in example finder.
* Double click data file “bridge - 14” in project tree.

The data file will be loaded and displayed in data view window.
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Execute menu item Process | Preprocess..., the data preprocess window is
opened.

In data preprocess window

Specify the Decimation Factor being 10. The sampling rate of time records is
changed from 50 Hz to 5 Hz.

The time records after down sampling are shown as following figure.
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Specify the Decimation Factor being 10. The sampling rate of time records is
changed from 50 Hz to 5 Hz.

Click button % on the toolbar, the mode estimation window and stabilization
window are opened.

In stabilization window

Specify maximum model order to compute modes in control box Model order. In
this example, the value 80 is used.

Specify stabilization criteria in Frequency (%), Damping (%), and Shape (%0).
The default value is used as 1%, 5% and 2% respectively.

Press button to generate stabilization chart.
Measure # |DCIF# SR

Select i to overlap FRF measurements with
stabilization chart. Item “DOF# - 5Z” is selected to display the FRF measurement
of 5Z on stabilization chart.

Select physical (stable) modes from stabilization chart.

To automatically select stable modes:
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In mode estimation window

»  Specify Frequency Width and Stable Number being 0.1(Hz) and 5 respectively.

e Click buttonlAute sekct |

The selected stable modes will be added into mode spreadsheet, as Figure 4-12 shows.

Index Frequency (Hz) Damping [%e) Y

0|
1 0,503 0,747
£ 0.634 0,249
3 0,730 0,630
4 0,999 0,669
= 1.036 0,345
& 1.265 0.615
i 1,358 0,356
g 1.652 3,325
a 1.756 1.1a0
10 1.344 0,565
11 1.955 0,367
12 £,081 1.560
13 Z,130 0,490
14 £,280 0.573
15 Z.413 1.033

Figure 4-12 Auto selected modes

To manually select stable modes:

*  Click mode symbol with mouse cursor in stabilization chart, the selected symbol
will be circled with a red ring. The frequency and damping values of selected
mode will also be displayed in control Frequency (Hz) and Damping (%0) in
mode estimation window.

e Click button to add selected mode into mode spreadsheet.

* Repeat above steps until all the stable modes to be selected are added into mode
spreadsheet.

To delete selected stable modes from mode spreadsheet:

*  Select the mode in the spreadsheet.
e Click button ﬂ

After all the physical modes are selected, the mode shapes for selected physical
modes can be estimated.

* Click button, the mode shapes are estimated.

After finishing estimation for all modes of interest, execute menu command File |
Save Modes... in the mode estimation window, a dialog prompt file name to save.
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Input file name “modes” and click OK. The mode table file “modes” will be saved in
estimated modes and displayed in ModalVIEW project tree.

4.5 Mode Validation

Mode validation is to evaluate the validity of estimated modes. A few of mode
properties can be used for mode validation.

Linearly independent
Theoretically, each row or column vector of modal shape matrix should be linear

independent or orthogonal to all other vectors. Modal shape matrix combined from
estimated modes is defined as following:

Mode shape number

—_—

b b b ]
DOF number Y11 P12 1
P21 Pn P2n

L Iﬂml ';qmﬁ ';qmn ]

Row index m is the DOF number. Column index n is the modal shape number.

Normal and Complex

Modes can be divided into two types, normal modes and complex modes. The mode
shape of normal modes can be described as a sign valued real number. The mode
shape of complex modes is complex valued and cannot be described as a real number.
In other words, with normal mode, all DOF points of the structure are moving in
phase or 180 degree out of phase with each other. With complex mode, the different
DOF points of the structure are moving in some general phase relationship with each
other, as Figure 4-13 shows.
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Figure 4-13 Normal mode and complex mode

The damping property of a structure decides whether the modes will be normal or
complex. For lightly or proportionally damped structures, the estimated modes should
approximate normal. In practice, the normal modes on the structure could be
estimated as complex modes due to the distorted FRF measurements, curve fitting
error or some other inaccuracies.

Modal assurance criteria (MAC)

MAC and CoMAC quantitatively compare column and row vector pairs of modal
shape matrix respectively, and check their orthogonality.

MAC is defined as following:

x)
MAC = i,j=0,.,n
X%
X, is the column vector of modal shape matrix [, @, - @]
CoMAC is defined as following:
XX |
CoMAC = 1,j=0,.,m
|Xi”x1‘
X, is the row vector of modal shape matrix [¢, ¢, - ¢,]

The value range of MAC and CoMAC is from 0, representing linear independent, to 1,
representing linear dependent.

ModalVIEW provide MAC and CoMAC plot to show the value between any two of
shape vectors.

For example, to compute MAC and CoMAC
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* Select “plate” demo project in example finder.
In mode view window

* Execute menu File | Load... to load mode shape file “mode”.

*  Click button E on the toolbar, MAC plot will be displayed.

File Orewsbs Dhply

HAC W ] 30 Ducplay ] Sheowd Labal

1 - Moda

132 265H:
341 403H
H10.5HH:
GED. ABEH:
D54, 605HE
10843z

1350, 35H
1423252 Hr
02 A8
173225H:
194 1.67Hz
2008 45H:
2298.6H2

2280 21H2
225780z

15 - Medes

Check L2 BisPlay 10 change plot view into 3D style. Check [13hew Label g select if
the frequency of each mode is displayed on the plot.

ComAc ¥ to display COMAC plot.

* Select COMAC in control
MAC plot and values can be exported to windows clipboard and pasted into other
software for further process.

e Execute menu item File | Copy to Clipboard | Bitmap
e Or execute menu item File | Copy to Clipboard | Spreadsheet

In a more general way, MAC can be extended to two arbitrary mode shape vectors.
This is useful in comparing the mode shapes from different analysis process, for
example, experimental modal analysis (EMA) and finite element analysis (FEA). The
finite element model for the structure can be verified according to the similarity of
corresponding modal shapes.

ModalVVIEW provides Cross MAC plot to show the value between two arbitrary mode
shape vectors from different mode shape files.

For example, to compute Cross MAC
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*  Select “plate” demo project in example finder.
In mode view window

* Execute menu File | Load... to load mode shape file “mode” into the left
spreadsheet.

¢ Click button E on the toolbar

A dialog box is displayed to prompt you to select another mode table for comparison.

Please select another mode table For a Cross M&C comparison!

Click OK button, a file open dialog is displayed for you to select another mode shape
file in the project. Select a file in the list and click OK button, the modes will be
loaded for comparison. Cross MAC plot will be displayed.

Move cursor on the plot, the value of Cross MAC will be displayed at the bottom of
the window.

Mode complexity

ModalVIEW provides mode complexity plot to display the magnitude and phase of
estimated mode shapes. According to whether shape vector stand along a straight line
on complexity plot or not, normal or complex mode type of the estimated modes can
be decided.

For example, to display complexity plot

e Select “plate” demo project in example finder.

In mode view window

e Execute menu File | Load... to load mode shape file “mode”.

e Click button @ on the toolbar, complexity plot will be displayed.
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File Operate  Display
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* Click to select different mode in spreadsheet to view its complexity plot.
Mode normalization

The resulting complex modes from mode estimation may be due to errors from the
data measurement and mathematical computation, which can be normalized into real
modes. Mode normalization can rectify the errors and simplify the mode shape for
structure animation.

A red dashed line on complexity plot is used as the phase reference line to convert
complex modes into normal ones. A complex mode is normalized with magnitude
being reserved and phase being changed to 0 or 180 degree. The phase of mode shape
vectors mostly near to one side of the phase reference line are changed into 0 degree
and near to the other side into 180 degree.

Mode normalization involves a few steps:

Select the mode for normalization in mode table window.
Display the complexity plot of selected mode.

Specify phase reference line on complexity plot.

Convert complex mode into normal mode.

e S

To change the position of phase reference line
In mode view window

* Drag to rotate the reference line to expected position with mouse cursor.

e Or press button @ on toolbar in mode plot window, the reference line will be
automatically rotated to an optimal position.
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C+R
After the position of phase reference being specified, press button <™ on toolbar to
normalize complex mode. The resulting normal modes can be saved into a new mode
shape file.

4.6 Mode Conversion

In order to make estimated modal parameters from vibration measurement compatible
with structure dynamic model, ModalVVIEW provides some operations used for mode
parameter modification.

Mode shape unit

Vibration measurement can be made using different sensors to measure acceleration,
velocity and displacement. The unit of estimated mode shape depends on the unit of
response measurement (acceleration, velocity and displacement). Unit of
measurement can be converted using integration of the time waveform. In frequency
domain, the equivalent operation can be down according to Laplace transform, as
following equation.

H,(s)=H,(s)xs=H,(s)xs’

H,(s), H,(s) and H,(s) are the transfer functions in acceleration, velocity and
displacement unit respectively.

Since mode shape is obtained from residues in partial fraction expansion of a transfer
function, the residues have following relationship in different unit.

R, (K) =R, (K)x Py =Ry (K)x p,* k =L....n

R,(k), R, (k) and R, (k) are the residues in acceleration, velocity and displacement
unit respectively. p, is the pole decided by frequency and damping ratio of the
Ky, mode.

Correspondingly, the unit of mode shape can be converted according to above residue
relationship. In ModalVVIEW, the unit of mode shape is defined in engineering unit
string. When the unit is converted among acceleration, velocity and displacement, the
engineering unit string is changed correspondingly. ModalVVIEW can identify
engineering unit strings as following:

Unit Engineering Unit String
Acceleration (m/s"2)/N-sec 5% g/N-sec
Velocity (m/s)/N-sec
Displacement m/N-sec
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Mode shape type

ModalVIEW defines three type of mode shape: Residue shape, Scaled shape and
ODS shape. Residue mode shape is obtained by curve fitting measured FRF data. The
mode with residue shape can be used for FRF synthesis or forced response simulation.
ODS shape is obtained from time record or cross spectrum in operational modal
analysis (OMA). The mode with ODS shape can only be used in structure animation

and not for FRF synthesis or forced response simulation. Scaled shape is converted
from residue shape using the relationship as following equation.

[r(k)]1=A,[u,]u,] k=1..,n

[r(k)]is the residue matrix for k, mode. [u,]is the vector of scaled mode shape. A, is
the scaling factor. In ModalVIEW, A, is specified as 1. The modes with scaled shape
can also be used to generate residue shapes for any reference DOF.

For example, to convert mode shape unit
e Select “plate” demo project in example finder.
In mode view window

e Execute menu File | Load... to load mode shape file “mode”.

P
*  Click button ™3| on the toolbar.
e  Or execute menu item Operate | Scale Mode Shape

The mode shape type is converted from residue shape to scaled shape. The DOF form
is changed from “Roving DOF : Reference DOF” to “Roving DOF” correspondingly.

4.7 Mode Analysis

The estimated modes in modal analysis can be used for different structure dynamic
simulation studies. FRF synthesis, forced response simulation, structure dynamic
matrix and sensitivity analysis are provided in ModalVIEW.

FRF synthesis

In FRF synthesis, estimated modes are used to compute FRF at given stimulus and
response DOF for comparison with experimentally measured FRFs.

When mode type is residue mode, FRFs can be synthesized only for DOFs of residue

modes. The reference DOFs can not be specified. The list box for reference DOFs
selection in FRF parameters window is disabled as following shows.
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Roving DOFs Reference DOFs

0z A 112
1Z

2z

3z

4z
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When mode type is scaled mode, FRFs can be synthesized between any two roving
DOFs of the modes. The reference DOFs can be specified. The list box for reference
DOFs selection in FRF parameters window is enabled for selection as following
shows.

Rawing DOFs Reference DOFs
E s 0z s
1z 1z
2z 2z
3z 3z
42 42
L Z 57 Z

=7 =7

For an example, to synthesize FRF data from estimated modes.
e Select “plate” demo project in example finder.
In mode view window

e Execute menu File | Load... to load mode shape file “mode”.

FRF

e Click button 22 on the toolbar
e  Or execute menu item Operate | FRF Synthesis...
* Specify FRF parameters as Figure 4-14 shows.

B FRF Parameters

Frequency Lines Srart Frequency
2043 5 0 Hz =
Deka f End Frequency

1 Hz = 2048 Hz ==
Ruaowing DiOFs Reterence DOFs

B 112

o | [Lcomeal |

Figure 4-14 FRF parameters window
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* Press OK button. The synthesized FRF data plot will be displayed in opened data
view window, as Figure 4-15 shows.
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Figure 4-15 Synthesized FRF data

Forced response simulation

In ModalVIEW, forced response simulation is to compute structure’s frequency
response with sine excitation at given reference DOFs. The sine excitation is defined
by its magnitude, phase and applied DOF on structure. The DOF for sine excitation
decides where to give sine excitation on structure. The frequency response of
structure is represented by forced response shape, a vector of magnitude and phase at
each DOF with the same frequency as the sine excitation. The forced response shape
can be used for structure animation as a mode shape.

When mode type is residue mode, only the reference DOFs in residue shape can be
selected as DOFs of sine excitation. When mode type is scaled mode, sine excitation
can be applied on structure at any roving DOF in scaled shape.

For example, compute forced response shape from estimated modes.

e Select “plate” demo project in example finder.

In mode view window

e Execute menu File | Load... to load mode shape file “mode”.

.
e Click button ﬂ on the toolbar
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*  Or execute menu item Operate | Forced Response...

*  Specify sine excitation parameters as Figure 4-16 shows.

! Sine Parameters

Muriber of Forces  Freguency (Hz)
i = 100 -

Farces

I DoF Magnicude  Phase (Deg)
] 112 1.000 0.000

>

< >

DoFE Magnitude Phase (Deg)
L1Z b o - o

L 1]

[ssve Mode shape | | cancel || reb |

Figure 4-16 Sine parameters window

* Press Save Mode Shape button. The mode shape from sine excitation will be
saved for structure animation.

Mass, stiffness and damping matrix

The estimated mode parameters, natural frequency, damping ratio and mode shape,
from measured vibration data, can be transformed into mass, stiffness and damping
matrix. These matrixes define structure dynamic characteristics, which can be further
used for finite element model validation and structural dynamic modification.

Taking Laplace transforms of structure dynamic equation yields following equation:
®[p’]+M 'C[p]+ M 'Kd =0

@ is mode vector matrix. p are poles, which decide natural frequency and damping.
M, K, C are mass, stiffness and damping matrix, respectively.

ModalVIEW compute mass, stiffness and damping matrix according to following
assumptions:

e  The stiffness matrix is symmetric

* The mass matrix can be approximated by a diagonal matrix
e The total mass of the structure is known and meet following equation:

d>m =M

m; is the discrete mass in mass matrix. M is the total mass.
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N
NOTE: When estimating mass, stiffness and damping matrix from mode

parameters, the mode shape type must be ‘scale mode shape’.

For an example, compute mass, stiffness and damping matrix from estimated mode
parameters.

e Select “plate” demo project in example finder.
In mode view window

* Execute menu File | Load... to load mode shape file “mode”.

T
*  Click button =] on the toolbar
e Or execute menu item Operate | M, K, C Matrix...

M, K, C matrix window is opened. Specify the total mass of the structure in

Total Mass | 1 * | the matrix data will be displayed in the list. Change list box

Mass

¥ to display the different matrix data.
Sensitivity analysis

The estimated mode parameters can be further used to analyze the effect of structure’s
change of mass, stiffness and damping on the structure dynamics, which can be used
as guidance to structural dynamic modification.

The ratio between the change of natural frequency and the changes of structure mass,
stiffness and damping is described as following formula:

M, ' a

o __,12V/_'<2i

Jw, —_ e —wi)’
oCy ' a,

o, __('//ki —yy)°

oK, a,

@, 1s the ith natural frequency of the structure. M, is the local mass of the structure
at DOF k. C, is the damping between DOF k and |. K, is the stiffness between
DOF k and I. a, is the scaling factor of mode vector matrix.
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@ NOTE: When performing sensitivity analysis, the mode shape type must be

‘scaled mode shape’.

For an example, perform sensitivity analysis using estimated mode parameters.
e Select “sdm” demo project in example finder.
In mode view window

* Execute menu File | Load... to load mode shape file “mode”.

«  Click button 4= on the toolbar
*  Or execute menu item Operate | Sensitivity...

Sensitivity matrix plot window is opened. Select different mode in mode table, the
plot is updated accordingly, which indicates how structure modification influences the
natural frequency of selected mode.

o Select items in Medfication Type [Mass ¥ to specify the type of structure

modification: Mass, Stiffness or Damping.
«  Check [J30Display | the sensitivity matrix plot is displayed in 3D bar plot.
Check[JshowLabel  the plot label of mode DOF is displayed.

Modification Prediction

The estimated mode parameters can be further converted into the modal model, which
is defined by mass, stiffness and damping matrix. The physical modification of
structure can be represented by changes in mass, stiffness and damping matrix.
ModalVIEW allows you to evaluate the effect of applied point mass, spring-damper
and tuned absorber on the structure’s dynamic characteristics.

Point mass modificaiton is defined by the amount of mass and node number to add on

the structure.

Atkachment Point | o

Mass (kg) | 0

[ QK J [ Cancel J

Spring-damper modificaiton is defined by the values of stiffness and damping, the
node number between which the spring-damper is to be applied on the structure.
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B Add Spring-damper

Attachment Poink 1 |0

Attachment Poink 2 | 0

Stiffness (Wjm}) | 0
Cramping (kafsec) |0
[ [ 4 I I Cancel ]

Tuned absorber modification is a single degree of freedom system consisting of a
rigid mass connected by a spring and a damper to the structure. It is defined by the
amount of mass, the value of stiffness and damping, and the node number and
direction to which the tuned absorber is coupled. The value of stiffness and damping
can be automatically computed by specifing target frequency to be tuned.

B! Add Tuned Absorber

Attachment Point | 0 x|
Mass (ka) |0

Target Frequency (Hz) |0 Ture
Stiffniess (Mfm) | 0

Damping (kgfsec) | O

o ] (o]

ModalVIEW converts modificatoin elements into changes in mass, stiffness and
damping matrix of the modal model, and compute structure dynamics according to the
following equation.

0 M] [0 AM] [-M 0] [-aM 0O
(p({M C}{AM AC}H({O K}{ 0 AK}»M:'F'

M, K, C are the original mass, stiffness and damping matrix. AM,AK, AC are the
matrix changes due to structure modification. p is the system eigenvalue. |Y|,|F| are
displacement and force vector, respectively.

@ NOTE: When performing modification prediction, the mode shape type

must be “‘scaled mode shape’.
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For an example, to perform structure modification
e Select “sdm” demo project in example finder.
In structure modification window

* Execute menu item File | Load..., open modification file ‘point mass’

e Select ‘truss’ structure file in the Structure ot Selected ¥ |listbox on the toolbar.
Crignal Modes | Mok Selected W | listbox

e Select ‘mode’ mode file in the

* Click button, the original FRF plot and newly synthesized FRF plot
for the modified structure are displayed and overlapped together, as Figure 4-17
shows.

E Structure Modification - point mass.sdm

| Fie Edt Opershe ‘Window Help
Struchurs |Enss | T f"n_ f:,.ﬁ ":ﬂ *

Mass (kg Siffrezss (Mim} Darrping (egysec]

Ty [ Deraction s
| Ponttez | o0 | - | .. | - | - | | | ||

irignal Modes | mode - kot Ingue GOF |07 | Cutput OOF O0Y v
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Fr

Figure 4-17 Modification Prediction

»  Select different input DOF and output DOF from the ImPut Do listbox

and the ©UtPut DO listbox to watch FRF plot of the corresponding input
and output DOFs.

From the newly synthesized FRF plot, the structure’s vibration frequency of the first
mode decreases after point mass being added on the structure.

e Execute menu item File | Save Modifed Modes....
A file open dialog is displayed to prompt you to input desired new file name. Type the

desired file name into the File Name to Save box and click Save button. The mode
parameters of modified structure will be created for the further analysis.
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5.Model Animation

By mapping measured time- or frequency- domain data or estimated mode shape on
the node motion of created 3D model of a structure, vibration behavior and dynamic
properties of the structure under test can be displayed and investigated.

Generally, there are much more nodes used to create 3D model structure than the
number of actually measured points on physical object, where the sensors are fixed on.
During structure animation, the motion of measured nodes is determined by animation
source (time data, FRF data, or mode shape). The motion of unmeasured nodes is
interpolated according to the motion of neighboring measured or fixed nodes. Refer to
section Measurement properties for details.

5.1 Animation source

ModalVVIEW supports three types of animation display: time-based ODS, frequency-
based ODS and mode shape, which requires different animation source.

Time record

Time record is the data source used in time-based ODS animation. ModalVIEW
supports three animation modes for time-based ODS: sweep, sine dwell and stationary
dwell. The relationship between motion of each node on 3D model and time record is
defined as following:

Sweep animation d=axs(t), t=0,..,n
Sine dwell animation d =axs; xsin(d), 6=0,..27
Stationary dwell animation | d =axs,

d is the change of node position along one measurement direction. ais amplitude
factor. s(t) is the time record corresponding to the node DOF. s;is the value of time

record at a time.

For sweep animation, the value of time record is continuously changed with time from
beginning to the end in a loop.

FRF measurement

FRF measurement is the data source used in frequency-based ODS animation.
Frequency-based ODS also have three animation modes: sweep, sine dwell and
stationary dwell. The relationship between motion of each node on 3D model and
FRF measurement is defined as following:

Sweep animation d =axr(o)xsin(f(w)), o=aw,,., o
Sine dwell animation d=axr(w)xsin(@+6(w,)), 6=0,..27
Stationary dwell animation | d = axr(w,)xsin(6(w,))

n

163



d is the change of node position along one measurement direction. ais amplitude
factor. r(w)and 6(w) are the magnitude and phase of FRF measurement

corresponding to the node DOF. r(w,)and &(w,) are the magnitude and phase of FRF
at frequency o, .

For sweep animation, the frequency value of FRF is continuously changed from start
frequency to the end frequency in a loop.

Mode shape

Mode shape is the data source used in mode shape animation. Mode shape animation
supports three animation modes: sweep, sine dwell and stationary dwell. The
relationship between motion of each node on 3D model and mode shape is defined as
following:

Sweep animation d =axr(v)xsin(@(v)), v=v,,...,V,
Sine dwell animation d =axr(v,)xsin(@+86(v,)), 6=0,..2x
Stationary dwell animation | d =axr(v,)xsin(@(v,))

d is the change of node position along one measurement direction. ais amplitude
factor. r(v)and @(v)are the magnitude and phase of complex element in mode shape

v, which is corresponding to node DOF. r(v;)and &(v,) are the magnitude and phase
of mode shape v, .

For sweep animation, the mode shape in the list is continuously changed one by one
in a loop.

5.2 Data assignment

ModalVIEW animates each node on 3D model of the structure according to its
measurement properties and assigned animation source, which defines the relationship
between node motion and animation data during structure animation.

The animation data is assigned by specifying its index in spreadsheet into
measurement properties of the corresponding node. The index for each data is
displayed in the first column of data spreadsheet, as Figure 5-1 shows.

time record
Tvpe DOF Engineering Lnit
0 Time Record 0z ms"™z
1 Time Record 17 ms"™z
z Time Record 27 ms"™z
3 Time Record 37 ms"™z
4 Time Record 47 ms"™z
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FFEF measurement

Type DOF Engineering Lnit

0 FRF 0Z: 117 gl

1 FRF 171 117 gl

2 FRF 271 117 gl

3 FRF 371117 gl

4 FRF 471 117 gl

5 FRF 57 : 117 gl

mode shape

Frequency (Hz) Damping [%:) shape Tvpe

0 132,265 0.532 Residus Shape
1 341,409 0.054 Residus Shape
z 610,944 n.019 Residus Shape
3 aa0, 464 0.037 Residus Shape

Figure 5-1 Data index

In measurement properties, three measure types, measured, interpolated and fixed, are
defined for the X, Y, Z measurement directions of each node on 3D model. Only
measured nodes is to be assigned an index of measurement data or mode shape.
During structure animation, the motion of measured nodes is determined by assigned
measurement data (time data, FRF data, or mode shape).

In ModalVIEW, data assignment for model animation can be performed manually or
automatically.

Manual assignment

For example, to manually assign animation data

e Select “plate” demo project in example finder.
In structure view window

* Execute menu File | Load... to load structure file “plate”.

e Press button on toolbar to open measure properties window.
In measure properties window
* Select one node in spreadsheet.

The measurement axial of selected node will be displayed on 3D model structure, as
Figure 5-2 shows.
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Figure 5-2 Measurement axial

On tab page M# Assignment, select corresponding measure type for each
measurement axial. When “Measured” measure type is selected for an axial, the
measurement index for corresponding axial is enabled for input as Figure 5-3 shows.

Measure Type
¥ axial | Inkerpolated |w
Y axial [ Inkerpolated |w

Z axial | Measured w

Measure #
¥ awial Y aial Z axial
] f 0 T

Figure 5-3 M# assignment tab page

According to the DOF information of selected node, you can input the measurement
index of measurement data “freq response” with the same DOF information.

* Repeat above steps until all nodes with ‘Measured” measure type are assigned
measurement index.

Automatic assignment
For example, to automatically assign measurements

e Select “plate” demo project in example finder.
* Double click “plate” in project tree to open it in structure view window.

According to animation source selection, measurement data or mode shape.

*  Open data view window and load data block file “freq response”.
e  Or open mode view window and load mode shape file “mode”.

In structure view window
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A -
e Press button ~< on toolbar.

ModalVIEW will automatically assign opened animation source, measurement data or
mode shape, to node on 3D model according to matched DOF information. After
measurements being assigned, a dialog box will open to report the number of assigned
measurements.

Assigned Measurements: 27

@ NOTE: In order to use automatic assignment, the animation data,
measurement data or mode shape, and nodes on 3D model should contain related

DOF information.

DOF forms for different animation source are listed as following. Roving DOF is used
to match node DOF for automatic assignment of measurement index.

Animation Source DOF Form
Time record Roving DOF (1X)
FRF Roving DOF : Reference DOF (2X:0X)
Mode shape Roving DOF : Reference DOF (2X:0X)

5.3 Animation operation

After 3D model being assigned animation source, the model is ready to display
animation shape.

To start model animation

* Make sure the structure view, data view or mode shape window are opened. The
corresponding files are loaded.

In structure view window

*  Select proper animation type.

¢ Click button @ on toolbar.

Deformation Scaling
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During structure animation, ModalVVIEW provides three methods to scale structure
deformation: auto, relative and fixed.

For auto scale, deformation value for each DOF of the structure is scaled relative to
maximum magnitude of each shape.

For relative scale, deformation value for each DOF of the structure is scaled relative
to maximum magnitude of all shapes in connected data source.

For fixed scale, deformation value for each DOF of the structure is scaled with a fixed
scale factor. The fixed scale factor is used to scale all shapes during animation in
following equation.

DOF deformation = Fixed scale factor * Shape value

The fixed scale factor can be decided to a suitable one according to the largest
structure coordinate.

Speed & amplitude

During structure animation, animation speed can be changed by adjusting speed factor.
The value range of speed factor is from 1 to 20, which is corresponding to slowest
speed and fastest speed, respectively.

*  The speed factor is specified in control #™Pitde [t 5

The deformation of model animation is also modified by amplitude factor. The value

range of amplitude factor is from 1 to 20, which is corresponding to smallest
deformation and largest deformation, respectively.

*  The amplitude factor is specified in control®==4 [ =],

Interpolation

During structure animation, the motion of measured nodes is determined by assigned
measurement data (time data, FRF data, or mode shape). The motion of interpolated

nodes is computed according to the motion of neighboring measured or fixed nodes.

After measurement properties for each node on 3D model is defined and animation

source is assigned, the motion of interpolated nodes can be computed. To generate
interpolated animation for unmeasured nodes.

oy
e Click button ﬁ on the toolbar

A dialog box will show to prompt you to specify interpolation range. That is how
many measured or fixed nodes nearest in geometry are used to calculate interpolated
animation.
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In Comporent? [ ] gecides if interpolated motion of unmeasured nodes are computed
from the measured nodes belonging to the same component.

Partially Interpolation? [ ] 4o cides if interpolated motion of unmeasured nodes are partially
computed only for specified DOFs.

B Interpolated Equations

Intarpolation Ramge
Tn Carganent? [ Partialy Interpalation? [
Component Mumber af Mearest Painks DOF ba Inkerpalake
Mumber of Mearest Poinks 4 =
[ ok [ concel J[ neb |

Input number of nearest points in the dialog box and click OK button. The
interpolated animation is generated.

During 3D model animation, to enable interpolated motion of unmeasured nodes

«  Click button ¥ on the toolbar

Time-based ODS
For an example, to perform structure animation of time-based ODS

e Select “beam” demo project in example finder.
e Click quick start “ODS Animation”

The structure view and data view window are opened and tiled in left and right, as
Figure 5-4 shows.

e Load structure file “beam” into structure view window.
e | oad data block file “time record” into data view window.
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Figure 5-4 Time-based ODS

In structure view window

MY -
e Click button =< on toolbar.

Eight time records in data view window will be automatically assigned to eight
measured nodes on beam structure according to matched DOF information. A dialog
box will open to report the number of assigned measurements.

Assigned Measurements: 5

oty
e Click button ﬁ on the toolbar

A dialog box will show to prompt you to specify interpolation range.
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B Interpolated Equations zl

Intarpolation Ramge
Tn Carganent? [ Partialy Interpalation? [
Component MNumber af Mearest Painks DOF ba Inkerpalake
Mumbet of Mearest Points |4 =
[ ok J[ concel |[ veb |

The number of nearest points is specified as 4 in the dialog box and click OK. The
interpolated animation is generated.

It is ready to start structure animation of time-based ODS now. The default animation
type is sweep. You can change the animation type before or during animation.

PowsA

¢ Click button on toolbar to start animation.

o Adjust AmPlitude [t = ang SPeed [t %o proper values. In this example,
amplitude and speed are specified as 10 and 5, respectively.

During animation, you can view different animation displays for a good
understanding of structure’s time-based ODS.

To enable / disable animation of interpolated nodes

e Click button t""ﬂ'| on the toolbar

To overlap un-deformed structure with animation

L
*  Click button ﬂ on the toolbar
To change animation type

Sweep

* Select corresponding item in control *lon the toolbar

During sweep animation, the line cursor on data graph in data view window moves
from left to right to indicate current data time. You can dynamically adjust the
position of moving cursor to a new position.

To change the position of moving cursor

* Drag the cursor to the new position and release it. The cursor will keep moving
from the new position.
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During sine dwell and stationary animation, the cursor will remain its current position.
You can drag the cursor to the new time position to view the different ODS.

To stop structure animation

=

¢ Click button on toolbar.

Freguency-based ODS
For an example, to perform structure animation of frequency-based ODS

*  Select “plate” demo project in example finder.
e Click quick start “ODS Animation”

The structure view and data view window are opened and tiled in left and right, as
Figure 5-5 shows.

e Load structure file “plate” into structure view window.
* Load data file “freq response” into data view window.
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Figure 5-5 Frequency-based ODS

In structure view window

Mgt =
e Click button =< on toolbar.

Twenty-seven FRF measurements in data view window will be automatically
assigned to twenty-seven measured nodes on beam structure according to matched
DOF information. A dialog box will open to report the number of assigned
measurements.
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Assigned Measurements: 27

All nodes on plate structure are measured in this example. Animation interpolation is
not needed.

It is ready to start structure animation of frequency-based ODS now.

L5

¢ Click button on toolbar to start animation.

e« Adjust AmPlitude [t = ang SPeed [t %o proper values. In this example,
amplitude and speed are specified as 10 and 5, respectively.

During animation, you can view different animation displays for a good
understanding of structure’s frequency-based ODS.

=
e Click button ﬂ on the toolbar to overlap un-deformed structure with animation

To change animation type

Sweep

*  Select corresponding item in control *lon the toolbar

During sweep animation, the line cursor on data graph in data view window moves
from left to right to indicate current data time. You can dynamically adjust the
position of moving cursor to a new position.

To change the position of moving cursor

* Drag the cursor to the new position and release it. The cursor will keep moving
from the new position.

During sine dwell and stationary animation, the cursor will remain its current position.

You can drag the cursor to peaks on the FRF plot to view different ODS, as Figure
5-6 shows.
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Figure 5-6 FRF peaks selection

To stop structure animation

=

Click button on toolbar.

Mode shape

For an example, to perform structure animation of mode shape

Select “plate” demo project in example finder.
Click quick start “Modal Shape Animation”

The structure view and mode view window are opened and tiled in left and right, as
Figure 5-7 shows.

Load structure file “plate” into structure view window.
Load mode shape file “mode” into mode view window.
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Figure 5-7 Mode shape animation
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In structure view window

Mgt =
e Click button =< on toolbar.

Mode shapes with 27 DOF in mode view window will be automatically assigned to
twenty-seven measured nodes on plate structure according to matched DOF
information. A dialog box will open to report the number of assigned measurements.

Assigned Measurements: 27

All nodes on 3D model are measured in this example. Animation interpolation is not
needed.

It is ready to start structure animation of mode shape now. The default animation type
IS sweep. You can change the animation type before or during animation.

L5

¢ Click button on toolbar to start animation.

o  Adjust AmPlitude [t = ang SPeed [t %o proper values. In this example,
amplitude and speed are specified as 10 and 5, respectively.

During animation, you can view different animation displays for a good
understanding of structure’s mode shape.

=
e  Click button ﬂ on the toolbar to overlap un-deformed structure with animation
To change animation type

Sweep

*  Select corresponding item in control *lon the toolbar

During sweep animation, the mode shape in mode view window will be displayed one
by one.

During sine dwell and stationary animation, the selected mode shape is displayed.
You can click to select a new mode in mode spreadsheet for mode shape display.
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B! Mode View - mode.mod
File Edit Operate Window Help

X @ ®\BE s | T IR

Index  Frequency (Hz)  Damping (%) Shape T A
132.265
1 341.40% 0.054229 Residue 5
z G10.5944 0.019358 Residus 5
3 S60.46% 0,035859 Residus 5
3 954,695 0.0%F9959 Residus 5
5 1084.3 0.135017 Residus 5

To stop structure animation

¢ Click button @ﬁ on toolbar.

5.4 Digital movie
ModalVVIEW can document structure animation process by saving animation frame

into AVI file. The video can be played back using Windows Media Player for
presentation.

Frame rate

Frame rate decides how fast are the digital movie played back. The default frame rate
for created structure animation movie is 5 frames per second.

To change the default frame rate
e Execute menu item Operate | Option....

The system settings window is opened as Figure 5-8.

B Systlem Setlings

General | Fruchurs | pMessurement

BVI Frams Rate (framafsec) [Monie Logo
: : ABSignal
Eronidir
:”""" “': u.ull h[l[llluu
Logo Fils Path
C:\Progeam Filesi AESonal)

Eperﬁ:rm mode] reduction when importing struchurs model from esternal files

[ o ][ cancat |[ nep |

Figure 5-8 System settings window

In structure tab page
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* Change the value of AVI Frame Rate into a new one.

AVI Codec

In order to reduce file size of created structure animation video, ModalVIEW supports
two kinds of compression formats, MSCV and DIV X. Before using compression
method, make sure the corresponding compression Codec is installed on the computer.
To be able to play the created AVI video in other computer, the computer must have
the same decompression Codec that was used to compress the AVI file originally.

To change the compression method

* In project window, execute menu item Operate | Option....

The system settings window is opened.

In structure tab page

*  Change the method of Encoder into a new one. The default method is N/A,
which means no compression method is used.

Movie logo

Sometimes it's necessary to emphasize the source of origin of generated animation
movie. You can use your logo on surface of video clip. ModalVVIEW automatically
adds the selected movie logo stored in JPEG format to the upper-right corner of
generated video clip.

To change the moive logo

» Specify the logo file path in structure tab page.

Loqga File Path

i\Program Files\aBSignal)

Movie generation

For example, to create digital movie of structure animation
* Load project file ‘plate’ from example finder.

In this example, ODS animation is used.

* Click quick start “ODS Animation”.

The structure view window and data view window will be tiled left and right.
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* Load model structure “plate” into structure view window.
* Load data block “freq response” into data view window.

In structure view window

*  Select proper animation type.

e  Click button @ on toolbar to review model animation process.
e Adjust animation amplitude to a proper value.
e Execute menu File | Export to Movie....

A file open dialog is displayed to prompt you to input desired new file name.

Mesw Filz Mame

[ Ok ] [ Cancel ]

Type the desired file name into the New File Name box and click OK button. The
process to generate AVI movie will start.

Saving avl ...

This mavy take a few minukes,

Cancel

@ NOTE: When AVI compression codec is not used, it may take long time to

generate AVI file. And the generated file size may be large.

When the process finishes, a dialog box will display to indicate the AVI file is
generated.

&WI File is generated!

* Double click newly generated AVI file in project tree.

The AVI Movie is displayed in Windows Media Player.
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6.Report generation

Test report is a very important document for modal testing experiment. ModalVIEW
provides a standard report template for users to set report content about test object,
operator, instruments, mode list, model shape diagram etc. Word format report can be
automatically generated with the specified content.

6.1 Reportitems

ModalVVIEW supports following pre-defined report contents:

Test date

Test object

Operator / Department
Note

Test Instruments
(Device name and device type)
Structure View
Channel Settings

Test Settings

Analysis Settings
Analysis Results
Shape View

Test information

The report information of test date, test object, operator, note and test instruments are
specified in report generation window, as Figure 6-1 shows.

B Report Gereration
Fla Cperate Wendow Help

Test Date: Test Instruments
Friciy, kb (4, 2008 Cuerant Dt [isrvicn Nema [evics Type -
D& herdware M14472
Tast Object Cperator [ Depsrtment Arcelerometer LC 500
Flate A | |sEzgnd ~
~
g »
- -
: Do Madvay Darvice Topi
Hota
This ks & demo sxample,
[nsert | [ owets |
Frvalable Rapoit Thems Sedechend Rispart Thems

Figure 6-1 Report information settings
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The following content is added to generated report.

Test Date: Friday, July 04, 2008
Test Object: Plate
Operator: ABSignal

Note: This is a demo example.

Test Instruments:

Device Name Device Type
DAQ hardware NI 4472
Accelerometer LC 501

Structure view

The content of structure view is specified in structure view window.

To add structure view to report content

e Execute menu item File | Copy to Report | Structure View...

A dialog box is displayed to prompt you to input desired report item name. Type
“plate” in Report item name box and click OK button, the current view of structure

model is added to report item list accordingly.

In report generator window, the report item “plate — structure view” will be displayed
in the Available Report Items list.

Ervalable Repot Thens Spdench o Respet Thems
£y plate - shrochurne vhew £y

.

S

0

* Click button, add “plate — structure view” into Selected Report Items list.

The following content is added to generated report.
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Structure View:

Channel settings

The content of channel settings is specified in measurement window.

To add channel settings to report content

e Execute menu item File | Copy to Report | Channel Settings...

A dialog box is displayed to prompt you to input desired report item name. Type “NI
4472 in Report item name box and click OK button, the current channel setting for

measurement is added to report item list accordingly.

In report generator window, the report item “NI 4472 — channel settings” will be
displayed in the Available Report Items list.

* Click button, add “NI 4472 — channel settings” into Selected Report
Items list.

The following content is added to generated report.

Channel Settings:

CH Input Range | Sensitivity Engineering Unit
0 +/-5V 1000 mV/EU |V

1 +/-5V 1000 mV/EU |V

2 +/-5V 1000 mV/EU V

3 +/-5V 1000 mV/EU |V

4 +/-5V 1000 mV/EU V

5 +/-5V 1000 mV/EU |V

6 +/-5V 1000 mV/EU V

7 +/-5V 1000 mV/EU |V
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Test settings

The content of test settings is specified in measurement window.

To add test settings to report content

*  Execute menu item File | Copy to Report | Test Settings...

A dialog box is displayed to prompt you to input desired report item name. Type
“hammer test” in Report item name box and click OK button, the current channel

setting for measurement is added to report item list accordingly.

In report generator window, the report item “hammer — test settings” will be displayed
in the Available Report Items list.

e Click button, add “hammer test — channel settings” into Selected Report
Items list.

The following content is added to generated report.

Test Settings:

Modal Testing Method: Roving Excitation - FRF

Roving DOFs: 0Z 1Z 2Z 3Z 4Z 5Z 6Z 7Z 8Z 9Z 10Z 11Z 127 13Z
147 157 16Z 17Z 18Z 197 20Z 217 227 23Z 24Z 257 26Z
Reference DOFs: 0Z

Pre-process: Rectangle window, Linear average# 3

Samplina Rate (Hz): 1024.000

Analysis settings

The content of analysis settings is specified in mode estimation window.

To add analysis settings to report content

*  Execute menu item File | Copy to Report | Analysis Settings...

A dialog box is displayed to prompt you to input desired report item name. Type
“quick fit” in Report item name box and click OK button, the current analysis

setting for mode estimation is added to report item list accordingly.

In report generator window, the report item “quick fit — analysis settings” will be
displayed in the Available Report Items list.
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e Click button, add “quick fit — analysis settings” into Selected Report
Items list.

The following content is added to generated report.

Analysis Settings:
Analysis Method: Quick Fit
Frequency Band (Hz): 195.000 - 890.000

Analysis results

The content of analysis result is specified in mode estimation window.

To add analysis result to report content

e Execute menu item File | Copy to Report | Mode List...

A dialog box is displayed to prompt you to input desired report item name. Type “low
freqg modes” in Report item name box and click OK button, the estimated mode list

is added to report item list accordingly.

In report generator window, the report item “low freq modes — analysis results” will
be displayed in the Available Report Items list.

e Click button, add “low freq modes — analysis results” into Selected
Report Items list.

The following content is added to generated report.

Analysis Results:

Frequency (Hz) Damping (%)
660.459979 0.035915
341.410791 0.054639

Shape view

The content of structure shape views is specified in structure view window. During
stationary dwell, select to display different shape views in structure window.

To select a group of modal shape views and copy it to report generator

*  Execute menu item File | Copy to Report | Shape View Arrangement...
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A dialog box is displayed to prompt you to insert current modal shape view in
structure window.

B! Mode Shape Images i

Shape List Shape Name
240 Hz Moda Shapa || 340 Hz Mode Shape

bl

Shap-esp-erRm-Il:} #_ | Insert l Delete J l QK I

* Input the name of shape view image, and click button. The shape
view will be added into shape view list.

* Click OK button, close

* Repeat above steps to different mode shape view.

In the window, P55 PSR % decides how many shape views are arranged in

a single row, when overall shape view image is generated for report.

To copy selected mode shape images to report generator

e Execute menu item File | Copy to Report | Mode Shape View...

A dialog box is displayed to prompt you to input desired report item name. Type
“shapes” in Report item name box and click OK button, the view of mode shapes is

added to report item list accordingly.

In report generator window, the report item “shapes — shape view” will be displayed
in the Available Report Items list.

e Click button, add “shapes — shape view” into Selected Report Items list.

The following content is added to generated report.
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Mode Shape View:

130 H: 340 Hz GEO Hz

1085 Hz 1940 Hz 2M0Hz

All the report contents available to be added into the test report are listed in Available
Report Items list in report generator window.

To delete the selected report item from the list

* Select one item in the Available Report Items list.
e Execute menu item Operate | Delete Selected Item.

To clear all the available report item in the list

e Execute menu item Operate | Clear All Report Items.
Generate test report

To generate test report after specifying all the report information,
* Execute menu item File | Generate Report....

A file open dialog is displayed to prompt you to select desired new report file name.
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[ [ 4 i [ Cancel ]

Type the desired file name into the New File Name box and click OK button.

When test report is successfully generated, a dialog box will show as following

Report has been generated!

@ NOTE: Please close other opened word documents before generating

report. Or testing report may not be generated normally, a warning dialog
window will display.

Zan not find report kemplate!

*  Double click newly generated report file in project tree.

The report file is displayed in Microsoft Word.

Modal Testing Report
Test Date: Sunday. Juy 05, 2003
Test Object: plata
Qperater: AESianal

Mote: This 15 & demo st

Test Instruments;

Device Mame Device Type
DAL hardweara Ml 4472
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6.2 Clipboard copy

ModalVIEW provides a series of operations to copy data spreadsheet, graphs from
different ModalVVIEW windows into Windows Clipboard. The copied contents can be
pasted into other software tools to create test report.

The following contents can be copied to Windows clipboard:

Channel spreadsheet
Structure bitmap
Structure spreadsheet
Data plot bitmap

Data spreadsheet

Data trace

Mode spreadsheet
Stabilization chart bitmap
Complexity plot bitmap
MAC plot bitmap
MAC spreadsheet

Channel spreadsheet

The channel settings for data acquisition can be copied into clipboard in ASCII text
spreadsheet, as following.

Device CH Status Coupling IEPE  Input Range | Sensitivity Engineering Unit
P Slot2 0 On A 4ms H-AY 1000 mWiEL W
P11 Slot2 1]0n A 4ma  H-AY 1000 mWiEL W
P Slot2 2 0n A 4mb H-AY 1000 mWiEL W
P Slot2 3 0n A 4mb H-BY 1000 mWiEL W
P11 Slot2 4 0n A 4mb  H-BY 1000 mWiEL W
P11 Slot2 5 On A 4mb  H-BY 1000 mWiEL W
P Slot2 5 On A 4ms H-EY 1000 myVED %
P Slot2 7 0n A 4mb  H-AY 1000 mW/ED Y

To copy the content into clipboard in measurement window

e Execute menu item File | Copy to Clipboard | Channel Spreadsheet

Structure bitmap

The bitmap of displayed structure model can be copied into clipboard, as following.
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To copy the content into clipboard in structure view window
e Execute menu item File | Copy to Clipboard | Bitmap
Structure spreadsheet

The information nodes and lines of displayed structure model can be copied into
clipboard in ASCII text spreadsheet, as following.

[points]

0 -50.000 -150.000 0.000
1 -50.000 -112.500 0.000
2 -50.000 -75.000 0.000
3 -50.000 -37.500 0.000
4 -50.000 0.000 0.000

5 -50.000 37.500 0.000

6 -50.000 75.000 0.000

7 -50.000 112.500 0.000
[lines]

0 9 0

1 10 1

2 11 2

3 12 3

4 13 4

In section [points], the first column is the point index, the column 2-4 are the X, y, z
coordination. In section [lines], the first column is the line index, the column 2-3 are
the index of connected points.

To copy the content into clipboard in structure view window

*  Execute menu item File | Copy to Clipboard | Spreadsheet

Data plot bitmap

The graph of data plot displayed in data view window can be copied into clipboard in
bitmap, as following.
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Measure # 0 |7

10-

0.001 - I 1 I I I I 1 I I I
] 250 S00 750 1000 1250 1500 1750 2000 2250 2500

Frequency (Hz)

Log Mag g/M

Measure # 1 |7

10-

0.001 - 1 1 1 1 1 1 1 1 1 I
] 250 S00 780 1000 1250 1500 1750 2000 2250 2500

Frequency (Hz)

Log Mag g/M

To copy the content into clipboard in data view window
*  Execute menu item File | Copy to Clipboard | Bitmap
Data spreadsheet

The data spreadsheet in data view window can be copied into clipboard in ASCII text
spreadsheet, as following.

Index Type DoF Engineerin Description
0 FRF 0Z: 112 oM
1 FRF 121 g
2 FRF 2211 g/
3 FRF 3211 g/
4 FRF 47112 g/
5 FRF 52112 g/M
B FRF BZ:11Z |g/M
7 FRF FZ:11Z g/
8 FRF 82112 oM
89 FRF 87 . 117 oM

To copy the content into clipboard in data view window
*  Execute menu item File | Copy to Clipboard | Spreadsheet
Data trace

The data spreadsheet in data view window can be copied into clipboard in ASCII text
spreadsheet, as following.
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heasurem Frequency Response

Enginearin g/ /Tl /Tl

DOF 0711z 12:1MZ 27117

Index Freguency|Mag FPhaze Freguency|Mag FPhaze Freguency
a a 1) 0.190516 a 1) 0.012539 a
1 ] 0 0193085 ] o 00281 ]
2 100 1.185106 a 100 1.035565 a 10
3 15 0.006346 276216 15 0.001665 2752121 15
4 20 0.013009 2592504 20 0.005926 2897676 20
5 25 0.015893 2.220853 25 0.015875 1.990117 25

To copy the content into clipboard in data view window
e Execute menu item File | Copy to Clipboard | Trace Data
Mode spreadsheet

The mode spreadsheet in mode view window can be copied into clipboard in ASCII
text spreadsheet, as following.

Index Frequency (Hz) Damping (%)  Shape Type
a 132265 0.532 Residue Shape
1 341.409 0.054 Hesidue Shape
2 B10.944 0.019 Hesidue Shape
3 BED. 464 0.037 Hesidue Shape

DOF Magnitude Phase (Deg) | Unit

[ 1.1 -101.5

1Z2: 117 0.5 -85.4

27117 0.1 949

375117 06 89.5

47117 1.4 85.4

AL 117 0.3 81.8

B 117 0.3 716

To copy the content into clipboard in mode view window
e Execute menu item File | Copy to Clipboard | Spreadsheet
Stabilization chart bitmap

The stabilization plot displayed in stabilization chart window can be copied into
clipboard in bitmap, as following.
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To copy the content into clipboard in stabilization char window
e Execute menu item File | Copy to Clipboard | Bitmap
Complexity plot bitmap

The complexity plot displayed in mode plot window can be copied into clipboard in
bitmap, as following.

150

70

To copy the content into clipboard in mode plot window

e Execute menu item File | Copy to Clipboard | Bitmap
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MAC plot bitmap

The MAC plot displayed in mode plot window can be copied into clipboard in bitmap,
as following.

To copy the content into clipboard in mode plot window

e Execute menu item File | Copy to Clipboard | Bitmap

MAC spreadsheet

The valued of MAC plot in mode view window can be copied into clipboard in ASCII
text spreadsheet, as following.

Mode O Mode 1 Mode 2 Mode3d  Moded  Mode &
Mode 0 1 0.01 0.05 0.005 0.027 0.005
Mode 1 0.01 1 0.006 0.005 0.031 0.03
hode 2 0.05 0.006 1 0.18 0.065 0.003
hode 3 0.005 0.005 0.18 1 0.0m 0.001
Mode 4 0.027 0.031 0.065 0.011 1 1]
Mode 5 0.005 0.03 0.003 0.001 1] 1

To copy the content into clipboard in mode plot window

*  Execute menu item File | Copy to Clipboard | Spreadsheet
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7.Importing External Files

ModalVIEW can import measured data, mode shape and structure model stored in
UFF or ASCII text format.

7.1 UFF file format

UFF file format is commonly used in area of modal analysis for data exchange. There
are several existing data formats. ModalVVIEW can import following data formats.

Data Format Data Type
UFF 15 Structure model (points)
UFF 82 Structure model (lines)
UFF 55 Mode shape
UFF 58 Measurement data

UFF 15 defines the position information of nodes on 3D model. UFF 82 defines the
information of connected nodes for lines on 3D model.

To import structure model from a UFF file in structure view window
e Execute menu item File | Import | UFF File...

A windows file open dialog box will open for you to select UFF structure file.

A
NOTE: Node information (UFF 15 data set) and line information (UFF 82

data set) must be contained in a single UFF structure file.

UFF 55 defines the information of mode shapes. To import mode shapes from a UFF
file in mode view window

* Execute menu item File | Import | UFF File...
A windows file open dialog box will open for you to select UFF mode shape file.

UFF 58 defines the information of measured data including time record or FRF
measurement. To import measured data from a UFF file in data view window

e Execute menu item File | Import | UFF File...

A windows file open dialog box will open for you to select UFF data file.

7.2 ASCII text file format

ModalVIEW can import measured data (time record and FRF measurement) and
structure model from files in ASCII text format.
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Structure model
The format of ASCII text file for structure model is defined as following:

[points]
point index<tab>x<tab>y<tab>z
point index<tab>x<tab>y<tab>z

point index<tab>x<tab>y<tab>z

[lines]
line index<tab>point index<tab>point index
line index<tab>point index<tab>point index

line index<tab>point index<tab>point index

[surfaces]
surface index<tab>point index<tab>point index<tab>point index<tab>point index
surface index<tab>point index<tab>point index<tab>point index<tab>point index

surface index<tab>point index<tab>point index<tab>point index<tab>point index

[points], [lines] and [surfaces] are keywords. They can not be modified.

In section [points], each row defines one node on 3D model including point index and
X, Y, Z coordination. Each value is separated by a single tab character.

In section [lines], each row defines one connecting line including line index, start
point index and end point index. Each point index is separated by a single tab
character.

In section [surfaces], each row defines one structure surface including surface index,
4 point indexes. 4 points define a quadrangular surface. If the last point index equals
to -1, the first 3 points define a triangular surface. Each point index is separated by a
single tab character.

For an example, the following content defines a plate structure. You can copy the

content into Windows Notepad, save it into a text file and import it into structure view
window.
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[points]

0 0 0 0
1 0 50 0
2 0 0 50
3 0 50 50
[lines]

0 0 2

1 1 3

2 0 1

3 2 3
[surfaces]

0 0 1 2 3

To import structure model from an ASCI|I text file in structure view window
* Execute menu item File | Import | ASCII...

A windows file open dialog box will open for you to select ASCII structure file.
Measured data

The format of ASCII text file for measured data is defined as following:

[type]

time/freq

[initial]
data<tab>data<tab>...data
[interval]

data <tab> data <tab>...data
[data]
data<tab>data<tab>...data
data<tab>data<tab>...data

data<tab>data<tab>...data
[type], [initial], [interval] and [data] are keywords. They can not be modified.

In section [type], the followed value must be time or freq, which defines the type
(time record or FRF measurement) of measurements stored in the ASCII text file.

In section [initial], the followed values define the initial time or frequency for the
time record or FRF measurement. The values are in one row and separated by a single
tab character. The number of values is decided by the number of measurements stored
in the file.

In section [interval], the followed values define the time interval or frequency

increment for the time record or FRF measurement for each measurement. The values
are in one row and separated by a single tab character.
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In section [data], data format is decided by stored measurement type. For time record,
each column of data is for one record. For FRF measurement, every two columns are
for one measurement, which are magnitude and phase, respectively. Each row of data
is the value at a time or frequency. The values in one row are separated by a single tab
character.

For an example, the following content is a time record with 3 measurements. You can
copy the content into Windows Notepad, save it into a text file and import it into data
view window.

[type]

time

[initial]

0 0 0
[interval]

0.01 0.01 0.01
[data]

0.000 1.000 0.000
0.383 0.924 -0.383
0.707 0.707 -0.707
0.924 0.383 -0.924
1.000 0.000 -1.000
0.924 -0.383 -0.924
0.707 -0.707 -0.707
0.383 -0.924 -0.383
0.000 -1.000 0.000
-0.383 -0.924 0.383
-0.707 -0.707 0.707
-0.924 -0.383 0.924
-1.000 0.000 1.000
-0.924 0.383 0.924
-0.707 0.707 0.707
-0.383 0.924 0.383

To import measured data from an ASCII text file in data view window

* Execute menu item File | Import | ASCII...

A windows file open dialog box will open for you to select ASCII data file.
ModalVIEW also supports data import from multiple ASCII data file, in which the
time record or FRF data from a single channel or DOF is stored. When the data type is
time record, there is one column data in a single file. When the data type is FRF, there

are two column data in a single file, one for magnitude and one for phase in radian.
The two values in one row are separated by a single tab character.
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@ NOTE: The default sampling rate or frequency interval for imported time
record or FRF is one; please manually change the data properties to the correct

value after importing the data.

To import data block from multiple ASCII files in a file folder.

* Execute menu item File | Import | ASCII File Folder... in data block window.
A file open dialog box will open for you to select the file folder keeping data files.
DOF Generation

The imported time record or FRF measurement contains no DOF information. To
automatically create DOF information for imported data

e Execute menu item Edit | DOFs...

DOF Generation dialog box will open.

B! DOF Generation |i|
Rowing DiFs Reference DOF
From | 0 = Fram 0 =
Increment 1 £ Inerement O =
[l aial 1% il
¥ Asiad ¥ Bedal
[#]z asiad T fodal
1% Indesxing | 1 - M# Indexing | -
o ) [Cona )

Specify the parameters and click OK button, a series of DOFs are generated
according to following scheme.

DOF inrement

Axial selection

I I I
O, .., 0,0, .., 0, 02, .., 0Z, 1%, ... 1 1Y, 1Y, 1, L1, .
L 1
M= indexing

DOF information for different data type is generated as following.

Data Type DOF Form
Time record Roving DOF (1X)
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| FRF | Roving DOF : Reference DOF (2X:0X) |

DOF information can also be assigned to imported data by changing properties of
each measurement. To change the property of selected measurement

e Execute menu item Edit | Properties...
e Or double click selected measurement in properties spreadsheet.

7.3 STL file format

STL file is a widely used standard data transmission format for 3D structure model in
computer aided design (CAD) field. STL format specifies both ASCII and binary
representations. ModalVVIEW can import 3D model strucutre in STL file generated by
other CAD software tools.

To import 3D structure model from an STL file in structure view window
e Execute menu item File | Import | STL file...

A windows file open dialog box will open for you to select STL file. The 3D structure
model will be displayed in data view window, as Figure 7-1 shows.

! Siruchere 30 View

Fle Et Depls dewedin Wl Hip

Bip s | AlF o e @ 0| e[ | B EE | s v
el | g TR T Soeed | ] Ho Link &

Figure 7-1 Import STL file

* Execute menu item File | Save, to save current imported structure into
ModalVIEW structure file.
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