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CHAPTER

ONE

PREFACE

The information contained in this document is subject to change without notice.

DEWETRON GmbH (DEWETRON) shall not be liable for any errors contained in this document.
DEWETRON MAKES NO WARRANTIES OF ANY KIND ABOUT THIS DOCUMENT, WHETHER EXPRESS OR
IMPLIED. DEWETRON SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. DEWETRON shall not be liable for any direct, indirect, special,
incidental, or consequential damages, whether based on contract, tort, or any other legal theory, in
connection with the furnishing of this document or the use of the information in this document.

Technical Support

Please contact your local authorized DEWETRON representative first for any support and service ques-
tions.

For Europe and Asia, please contact:

DEWETRON GmbH

Parkring 4, 8074 Grambach

AUSTRIA

Tel.:+43 316 3070-555

Fax: +43 316 3070-90

Email: support@dewetron.com

Web: http://www.dewetron.com

The telephone hotline is available Monday to Friday between 08:00 and 17:00 CET (GMT +1:00)

For America, please contact:

DEWETRON, Inc.

2850 South County Trail

East Greenwich, R1 02818

USA

Tel.: +1 401 398 7963

Fax: +1 401 284 3755

Email: us.support@dewetron.com
Web: http://www.dewetron.com
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The telephone hotline is available Monday to Friday between 08:00 and 17:00 GST (GMT -5:00)

Restricted Rights Legend: Use Austrian law for duplication or disclosure.

DEWETRON GmbH
Parkring 4

8074 Grambach
AUSTRIA

Please find further information at https://www.dewetron.com.
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DOCUMENT HISTORY

Table 2.1: Document History

Revision

13.02.2024 |TK First release of the document 1.0

21.08.2024 |TK . i 1.1
¢ added export/import file type

12.11.2024 |TK 1.2
¢ added modal shape animation

14.01.2025 |TK 1.3
¢ added video export
¢ added SDOF Circle Fit

Authors: TK (T. Klug)
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CHAPTER

THREE

GETTING STARTED

OXYGEN OPT-MODAL (OXYGEN MODAL) is the brand new modal test software option of DEWETRON's
OXYGEN measurement software that you can use with most DEWETRON hardware devices. In addition
to the list of general features, this chapter describes how to perform the following tasks:

e OXYGEN Basics
e Setting up data channels
¢ Creating a Modal Test setup

¢ Navigating the Modal Test screen

DEWETRON offers tailor-made product and application training to support you with your measure-
ment and analysis. Please contact us for more information.

3.1 General Features

The following features enable a flexible and quick setup of a modal test for an arbitrary object.

* Model Editor: Quick setup of a test object with excitation nodes and response nodes - Define
measurement objects - Set the number of excitation/response points and general measurement
axes and direction. This can be adjusted later in the “Measured Nodes”. - Define vertices - Set
the position of excitation/response points in the coordinate system. - Define contour - Connect
points by line, triangle, or quad operations in the 3D model. - Define measured nodes - Adjust
measurement axes and directions including rotation.

¢ Input Channels & Groups: Assignment of data channels to excitation modes and response - Drag
and Drop response and excitation signals from the channel list - Automatically assign response
signals from the channel list

o Trigger & FRF: Setup of Triggers, FFT and FRF - Preview Excitation Amplitude and set trigger level
- Define FFT sample size and maximum frequency - Set calculation type for frequency response
function (H,H1,H2,H3, and Hv)

* Modal Test Screen: Intuitive visualization of excitation events - Amplitude - Response/Excitation
(e.g. g/N or m/s¥N) - FRF Single - Data of single trigger event in amplitude plot - Phase shift -
Response/Excitation [°] - Coherence - Response/Excitation [1..0] - MIF - Mode indicator function
in coherence plot - Warnings - Custom range limit, measurement range exceeded, double hit
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In addition to the great measurement functions of OXYGEN, the MODAL-Option enables the recording
of the following excitation and response characteristics.

e Excitation - Input Raw (Raw input values for each excitation point) - Spectra (Spectrum of each
excitation)

¢ Responses - Input Raw (Raw input values for each measurement point per excitation) - Spectra
(Spectrum of each measurement point per excitation) - FRF Single (Frequency response function
for each triggered measurement) - FRF Average (Frequency response function for the average of
triggered measurement) - Coherence (Similarity of each excitation and response)

e MIF (Mode indicator function)

The requirements for full functionality and maximum speed are: - CPU: Intel Core i5 3rd Generation
or better - RAM: 8 GB or greater - DAQ: TRION - OS: Windows 7 64 Bit or newer (Linux Version on
request) - Preinstalled DAQ driver (TRION API)

3.2 OXYGEN Basics

1. Turn on your DEWETRON measurement device

2. Use the provited DEWETRON OXYGEN (R7.0 or higher) Installer if not installed already.

3. Start the OXYGEN measurement software (if not launched automatically)

QAI1/1@[R. teNode] [V]

None Current Total

Fig. 3.1: Startup screen

Legend
@ Screens and Reporting @ Menu Bar @ Instrument area @ Action bar

8 Chapter 3. Getting started



\ 4
Modal Test, Revision 1.3

The Startup screen contains four main areas, the @ “Screens and Reporting” tabs, where additional
screens can be added and reports can be created. The @ “Menu bar” contains a variety of function-
alities including the measurement settings, the data channel list, and the measurement instruments,
which can be added to the instrument area @ by drag and drop. By default, a saturation meter on
the left and a chart recorder on the right are placed in the instrument area. The fourth area @ is the
“Action bar”, where the measurement can be controlled and the setup saved or loaded.

11:30:45 (UTC+1)
14122023

[
LVE §me

Fig. 3.2: Action Bar

Table 3.1: Legend

5 Instrument state indicator 13 Jump forward

6 Screen lock 14 Open data file for analysis (.dmd)

7 Designh mode 15 Save changes in data file (Play Mode)

8 Activate/Deactivate cursor for active in-|16 Open configuration setup (.dms)
strument

9 Freeze screen content 17 Save configuration setup (.dms)

10 Start recording / arm trigger 18 Insert marker during recording

11 Stop recording 19 GUI tutorial

12 Jump backward 20 Open/Close channel list

3.2. OXYGEN Basics 9
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Fig. 3.3: Menu Bar

Table 3.2: Legend

21 |Open measurement settings 26 |Open event list

22 | Open channel list 27 | Open export settings

23 | Open instruments panel 28 | Open network and sync menu
24 | Open instrument properties 29 |Open birds eye

25 | Open trigger events 30 |Open OXYGEN setup

For further infotrmation, please see the latest OXYGEN manual in our Customer Care Center: https:
//ccc.dewetron.com/pl/oxygen.

10
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3.3 Setting up data channels

The first step after switching on your DEWETRON measurement device is to set up your data
channels in the channel list.

e Switch to the channel list @

e Click on the channel setup @ (gear icon)

®
&8
¥
P

g
=
=

Fig. 3.4: Channel setup in channel list

Proper measurements require correct sensor scaling. In most cases, the sensor label gives information
about the input/output scaling. This value often known as the “transducer factor”, “ratio” or “sensitiv-
ity”. Important is the unit of the scaling, e.g 100.59 mV/g or 10.257 mV/(m/s?).

3.3. Setting up data channels 11
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SN:AD1900D6

E Al 2/1@[RemoteNode]
TRION-1620-ACC-6-BNC
AMPLIFIER OPTIONS

Mode . IEPE 4
Range 0.5 / 4
LP filter Auto 4
8 4. Bessel 4
Coupling 160 mHz 4
Sensor delay co... 0 ms

PREVIEW

EXCZ+

IEPE SETTINGS

Excitation Current 8mA

200.022

[N]

TemininEnnm

-199.978

-10s

Fig. 3.5: IEPE Sensor scaling

Select the mode fitting your sensor (e.g. IEPE).
Select the type of scaling/sensitivity.

Define your unit and the scaling/sensitivity.

Optionally zero your offset.

3.4 Creating a Modal Test

-002=

SENSOR SCALING

J.\/ Choosesensor (( >) x

Scaling type  Scaling

Unit N

Sensitivity 0.0025

Offset [Z] . 0.0223752416595960 ‘J‘ Zero ‘
0.125 N MAX
0.233N
ACRMS
0.015 N
AVG
0.195N
MIN
0.152 N
0.096 N

Select coupling mode (high-pass filter) to reduce noise and drift.

To create a Modal Test, go to the channel list and use the (+) button @ on the bottom left of the channel
list to add “Modal Test”, found in the “Advanced Math” category. This adds the Modal Test Channel @
in the channel list and the Modal Test tab @ right above the OXYGEN setup tab and forwards you to
the Model Editor (see Fig. 3.9 ).

12
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N e e -—er
[, |[can][Anatog | [ Digital | Counter | Search... % B
<|>

v Modal Test
> ModalTest « ) O

Add Channel - Modal Test

Basic Math Perform modal test.

Formula

Statistics

FT

AlyAg[Remstaticde] TR T
Al [ I FIR Filters

Al 13@[RemoteN| -
Al 1/3@ [RemoteNode] ot

Al Mm Correlation Configure responses from selected channels
Mw FRossils Selacted channels with names matching (0-2991XYZ)[+] (g, 172+ wil be used to create nodes and responss assignments

surement

" [ J Freque
int Percentage
Al 1/6@[Remote! nchwidth (CPE) Analysis

Optional Caleulations

Al1/7@[l Pows Group
AlyTel Order Analyss

>
U000 0000 0T
:

(H) — [

Fig. 3.6: Set up Modal test channel

Legend
@ Add Modal Test Group @ Modal Test channel @ Modal Test Tab

The next page describes an alternative method, which utilizes selected channels to create a test object,
In case you didn’t select channels for the Modal Test setup, skip to the definition of the test object in
the Modal Editor in Fig. 3.9 ..

Alternatively, if the respective channels match the naming convention “[0-999][XYZ][+-]”, they can be
used to create a test object. The tick in the checkbox indicates if the naming is correct. After clicking
“Add” the “Model Editor” is opened, which can also be accessed by clicking/swiping the Modal Test tab.

3.4. Creating a Modal Test 13
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Add Channel - Modal Test

Perform modal test.

Group name Modal Test

(4]
s

e
Rosette Selected channels with names matching [0-99][XYZ][+] (e.g. '17Z+) will be used to create nodes and response assignments
| Modal Test

Frequency Measurement

Constant Percentage
Bandwidth (CPB) Analysis

Y.
]
(=]
(=]
(=]
L]
L]
L]
L]

Optional Calculations
Power Group

Order Analysis

Fig. 3.7: Use channels for test object setup

Fig. 3.7 shows the Model Editor alreay populated with a generated test object, based on the selected
channels for excitation and response nodes. The test object can be further edited as described in the
next pages.

Model Editer  Input Channels & Groups  Trigger & FRF

Objects  Verlices  Conlow  Measured Nodes

Impart... | +
o Name  |Setup| Transformation |  Object CS Content
e R Verticas 2

1  Generated ¥ o= = e
@ x nom  pear A medm 2

DR =@

-
e
B

Jo A

Fig. 3.8: Predefined Model Editor

When creating a Modal Test without selected channels, the Model Editor tab is empty. It can also be
opened by clicking or swiping the Modal Test tab @ The Model Editor @ is the first of three tabs
to define the Modal Test setup. First you need to set the number of excitation points and button @

14 Chapter 3. Getting started
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Further settings for the test object can be changed in the sub-tabs of the Model Editor vertices, Contour,
and Measured Nodes @

£ ModSTEdtor Input Channels & Groups  Trigger & FRF

Objects [Vertices  Contour Measured Nodes 4

- Import... G
QWP «|  Name |seansiormation | ObjectCs | Content
o

Fig. 3.9: Model Editor

© Attention

The current implementation supports the import @ and export @ of a test object via a geometry
file in the *.unv or *.uff format.

After pressing the (+) button in the Model Editor to add a test object, the following window pops up.
Here the number of excitation nodes (usually up to 12) and the number of response nodes (usually up
to 12) are defined in addition to the overall response directions. The axes of excitation/s and response
nodes can be edited in the “Measured Nodes” tab. Note that the number of response nodes stands for
the number of points at which a response is measured and not for the number of total response signals.
For example, one response node can have 3 axes that are measured and provide 3 data channels, since
all are measured at one point they count as one response node.

3.4. Creating a Modal Test 15
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8 Add Object

Objecttype  Quick Setup

Objectname Object-1

Prepares a simple modal test setup based on the
number of measured nodes. This setup can be
customized or extended as necessary.

0..150

Excitation nodes i z 4

Response nodes 5

Fig. 3.10: Add Test Object

If needed, the excitation and response axes can be modified in the “Measured Nodes” tab. In Fig. 3.11,
two excitation points and one response positions with three directions is defined. The response nodes
can be to mono-, bi, or triaxial in the positive or negative direction.

{é} Model Editor  Input Channels & Groups  Trigger & FRF

Objects  Vertices Contour Measured Nodes

Sensor Rotation

2 /. I-Z"'

® oy 0 =z o

Y 4
102 . . .
wor 158 (X[ R vy v o

Fig. 3.11: Model Editor - Measured Nodes

(J
[ "

Do 18 B[V I[2]x oy o2 o
[

O

To add/remove nodes of the test object, switch to the “Vertices” tab and use the (+) or (-) buttons @
When a new node is created @ (node 1-4), the type (excitation or response) can be defined by selecting
the hammer icon (excitation) @ or the axes icon (response nodes) @

16 Chapter 3. Getting started
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@ Model Editor  Input Channels & Groups  Trigger & FRF

Objects Vertices Contour Measured Nodes

= D)
= .|
@ ;i-l < > E | Location | Measurement

e | CSiCartesian Object-1

Fig. 3.12: Add/Remove nodes

In the next Fig. 3.13, the new node was defined as a response node. To change the type of coordinates
from Cartesian to Cylindrical, switch to the “Objects” tab.

{.} Maodel Editor  Input Channels & Groups  Trigger & FRF

Objects  Vertices Contour Measured Nodes

Location Measurement

(=]
[
[
] 13 0 1 o |/ |y 100

o
o
N

1-4 1 1 |/ |y

B v = EQ

Fig. 3.13: New response node

The defined response nodes can be connected by a custom contour, which can be set in the “Contour”
tab. Simply use the naming (1-4, number of test object - number of signal channel), as defined in the
“Vertices” tab, and choose the type of connenction (line @, triangle @ or quad @).

3.4. Creating a Modal Test 17
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{s} Model Editor  Input Channels & Groups  Trigger & FRF

Objects  Vertices Contour Measured Nodes

S g
h#l Typew | Vertices

®

=l |1 Line 13 14
| 2 Line 13 15

4 3 Line 15 7 16

> 4 Line 4 16

g

=]

1Y

Fig. 3.14: Test Object Contour

The next step after setting up a test object, is to define the input channels in the second tab “Input
Channels & Groups”. Here the excitation channel can be added by drag and drop @, while the response
channels can be drag and dropped @ or “Auto assigned” @, which automatically adds them to the
selection sequence to undefined response groups. The channel list shows all available data channels
regardless of their type.

Model Editor  Input Channels & Groups  Trigger & FRF
INPUT CHANNELS MEASUREMENT CONFIGURATION

Y. Excitations

CAN| | Analog || Digital || Counter Input Channel

100%+/12+ 100X+/32+

100X+/2Z+

|| ¥ LocalNode
1 101Y+/12+ 2 101Y+/22+ 3 101Y+/3Z+

Vv Modal Test
1022+/12+ 1022+/22+ 1022432+

v DEWE3-A4 /

| v TRION-2402-dACC/6-BNC

J
J
] > ModalTest
J
J
J

EXC+ O

Acc X+ @

v| Acc Y+

™ Acc Z+ .

Al2/5
A2/ -
Auto assign |  Responses @ @ =

Fig. 3.15: Input Channel & Groups

ﬂiﬁﬂ-ﬁ*\@iii@
<]

The third and last tab to define the Modal Test setup is the “Trigger & FRF” menu, where the trigger
can be set based on an excitation and response preview. In the Trigger section, the “Required triggers
per group” @ is used to define how many excitation events are averaged for one excitation point. The
correct “Trigger level” @ can be set by using the preview window @, which can be auto-scaled by a
click on its label. If the check box “Second hit level” @ is ticked, signals higher than x% of the trigger
peak lead to a warning in the of a pink color and an exclamation mark of the respective excitation bar.
The “Warning level” @ can be set to detect excitation even74ts that exceed a percentage of the range.

18 Chapter 3. Getting started
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For recording the spectrum, the “Pretrigger” @ sets the percentage of samples to include, before the
trigger level is reached. The configuration for the FFT calculation is done in the FFT section @, which
enables to setting of a data size, a line resolution, and a maximum frequency. For further information
on the FFT calculation see the OXYGEN manual . The maximum frequency should be set to 1/10th of the
sample rate, for example to a maximum frequency of 1000 Hz for a sample rate of 10kHz. The last setting
of this tab is the FRF (frequency response function) “Type” @ which is used to set the calculation type.
The formulas for the FRF are described from formula 2.1 to formula 2.5. The two preview windows on
the left show the live signal of the excitation and response nodes, while the two windows on the
right @ display the last recorded trigger event.

£} | Model Editor Input Channels &Groups Trigger & FRF

CONFIGURATION PREVIEW

*= | TRIGGER

Al2 ?[RemoteNode] [N >(?) @ 1Z+ (InputRaw) [N
@Required triggers per group 3 140 T

Trigger level 80

| Second hit level 50 of peak 150
— _— 100- 1

Warning level 80 of range
Pretrigger 10 T
FFT

Data size 2048 Samples ,

Line resolution 9.765625

Maximum frequency 6000

[_g
i
E (R B }::ss 1183 L 1233 1258
u,d‘ FRF : ® A12/3@[RemoteNode] [V] _® Al 2/2@[RemoteNode] [V @

Type H

Fig. 3.16: Trigger & FRF

If clicking on the label to auto-scale, has no effect, the design mode might be still enabled. To deactivate,
simply double-click on the instrument and disable the blue triangle button.

RC | ks 3

Fig. 3.17: Design mode

3.5 The Modal Test screen

On the measurement screen, the modal test screen can be added for visualization, recording and nav-
igation of the modal test. To create this screen click on the “Create Modal Screen” button @, see Fig.
3.18. This screen always displays the data of the active excitation group @ The following items @ -
@ can be found in Fig. 3.18..

3.5. The Modal Test screen 19
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Table 3.3: Modal Test Screen Elements

1 Create Modal Test Screen: Creates a new | 10 Spectra of excitation channel (FFT)
screen based on a Modal Test template.
2 Active: Deactivates FRF calculation i.e. in| 11 Live data of response channels
case sensors are changed.
3 Reject: Deletes the last hit(s) successively. | 12 Recorded signal of response channels
4 Single: Shows data of actual hit in Ampli-| 13 Spectra of response channels (FFT)
tude FRF and Bode Plot.
5 MIF: Display the mode indicator function | 14 Amplitude response: Spectrum of ampli-
in the coherence banner. tude ratio between response and excita-
tion
6 Select/show the currently active group to | 15 Phase shift response: Spectrum of phase
measure/view/discard. shift between response and excitation [°]
7 Shows the saturation and progress of the | 16 Coherence function: Similarity between
latest measurement group. Switch be- excitation and response of recorded
tween single hits of the currently selected events
group.
8 Live data of excitation channel. 17 Modal Shape animation: Animation of the
modal test object for a specific frequency.
See Fig. 3.18 for detailed usage.
9 Recorded signal of excitation channel

X 0
Modal@ModalTest

& Modal Test

@ Exc [N] 6Z- (InputRaw) [N 6Z- (Spectrum) [N? Hz@ Excitati: 1xﬁrequenc: iz 2434
0:30. 0:40.9 3 0.65 0Hz OHz ys
s’] @ X+...5'] @ Y+...5%] @2 27 e2 2 @
[ | | g
\ ! 1 = - e
0:30. 0:40.9 0s 3 0Hz 0Hz Iag
@27X+/6Z N] 27Y+/6Z N 27Z+/6Z- [m/s*|N]
Af =1.220703 Hz ﬁ
1 3 | | (2)
X L v - M FelE @
0.010-- ¥ - Ay AW
O‘JII i : ‘ n CURRENT GROUP
L I e S S SRR
T T T T
0Hz 00 Hz 400 Hz 600 Hz 00 Hz ‘ Single(@‘ MIF @
@27X+/6Z 27Y+[6Z. 27Z+/6Z / 62' : EXC Ei
i Af =1.220703 Hz @ H
1,]} I | I z1x+: oz i
[ [ R — 1 — 27V+: X+ D
ol = ‘ ‘ & |272+: @0 v+ anm
. e T T T
0Hz 200 H 400 Hz 600 Hz 800 Hz

ot

@27X+/6Z- (Coherence) ] 27Y+/6Z- (Coherence) [

T LT —"

P
o Ladi ' -..“Vf\,’

272+/6Z- (Coherence) []

Af =1.220703 Hz
T ——

T T T T
OHz 200 Hz 400 Hz 600 Hz

08:14:19 (UTC+2)

/% Create Modal Test Screen @

PLAY SYNC
~

22.10.2024

Fig. 3.18: Modal Test Screen Overview
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A standard measurement procedure proceeds as follows: The trigger button @ is active by default.
If not, set the button to active and excite the test object. As a result, the bar indicator @ should be
filled, in this case, three times with a green color. To repeat an excitation event and discard the last one,
the (Reject last) button @ can be used. To switch to previous excitation groups, the desired excitation
group @ can be clicked to set it as the active group and display its data. To further analyze the data,
a single FRF can be displayed in the amplitude response by clicking @ . Furthermore, the MIF can
be added to the coherence spectrum by clicking @ . For more details about the MIF calculation go
to formula 2.8 and for the Coherence calculation, to formula 2.6 and formula 2.7. Each instrument can
be modified to change the displayed data, for example, the amplitude response can be set to display
the real or imaginary part instead. Just click on the instrument to be edited and click the instrument
properties tab seen in the next Fig. 3.20 @ to choose the desired data. For more information on the
spectrum analyzer, see the OXYGEN manual .

CURRENT GROUP

‘ Single ‘ MIF

s 1Z+ . exc

100x+: [ »

w. |100v+: B
. 100z+: [ =
o 101x+: ) x2

+ %
+

|

I

i ..
L]
||

Create Modal Test Screen ‘

Fig. 3.19: Selection of response group

The individual response groups can be hidden, shown in Fig. 3.19 @ where a click on the axes symbol
toggles the displayed data in the amplitude response, seen in figure 1.18 , the phase shift response
@ and the coherence function . In the first excitation of this group, the x response bar is displayed
as red. This indicates an exceeding of the sensor range. Further details are described in the operation
basics chapter.

The data displayed in the modal test screen instruments can be further customized. For example the
bode diagram can be changed to show real part of the vibration instead of the amplitude. To revert to
the default template, just click again on the “Create Modal Test Screen” button @ in Fig. 3.18 , which
adds a new screen based on the default modal test screen template. To further edit the modal test
screen, the instrument group can be dismantled and changed to the preferred instruments. Click on
the modal test group followed by clicking on dismantle @ in the properties.

3.5. The Modal Test screen 21
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Spectrum analyzer

Properties  Channels

SPECTRUM

Type |Ampmude( 1 ) 4
ST prerE e e
Decibel V-RMS

Decibel U-RMS

PSD TISA

PSD MSA

|| Logarithmic sq psp s5a

Re...eNode] [N] @22+ (InputRaw) [N

ea2/1
100

Frequency unit

Min 4947517 'ma%

VALUE AXIS
[v] Automatic scaling
W [] Individual scaling
[v/] Logarithmic scaling

Min Max Color

y 54 o 1 - Y
! 'l !
500 Hz 1000 Hz 150
110171 25! 6 .
/ ©1002+/22+ ©101X+/22+ .
AF=1.0005 Hz

Properties Channels

110171

Displayname Modal@ModalTest

DISMANTLE GROUP

Dismantle ‘ @

Fig. 3.20: Instrument properties and dismantling template

3.5.1 Modal Shape animation

The modal shape animation instrument can be found in the instruments list in the miscellaneous tab
and is by default included in the modal test screen. It has the following features in the instrument
properties:

@ Set the excitation point, whereas “Auto” selects the first recorded excitation point.

@ The animated frequency can be selected either manually or based on an adjacent instrument or
an instruments on the page. To select a frequency based on an adjacent/page instrument, choose the
respective mode and click via cross hair into the bode plot. This will make a cursor line appear which
specifies the frequency for the modal shape animation. To manually specify the frequency, set the
dropdown to “Manually specified” and use the slider or the text box.

@ Deflection controls the animation speed, the amplitude of the oscillation and the replay of the
animation which loops the selected excitation event. With MAX (+) the largest deflection and with (-)
the smallest deflection is shown.

@ View can hide part of the model object and resets the zoom and position of the model object.

@ Export a video of the instrument (modal shape animation) or entire screen for reporting purposes.
The export is only available in PLAY mode and the video format is *.mkv. The number of animation
cycles can be defined from 1 to 10.

22 Chapter 3. Getting started
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---. @ o
.— | Properties Channels

0:35.0 0:40.0 0:45.0 0:50.0
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EXCITATION @ I—‘
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Fig. 3.21: Modal Shape animation instrument

3.5.2 SDOF circle fit

The SDOF Circle Fit can estimate the damping in simple structural systems, characterized by
well-separated, non-overlapping modes. These systems can be effectively analyzed as individual Sin-
gle Degree Of Freedom (SDOF) systems, enabling accurate damping estimation. The application of this
method is illustrated in the example Frequency Response Function (FRF) graph provided below, which
demonstrates the distinct modal characteristics of such simple structures. First choose the Nyquist in-
strument from the instruments panel or open the nyquist template, in the bottom of the screens menu,
which is available after creating a modal test.

3.5. The Modal Test screen 23
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Fig. 3.22: Nyquist instrument

When choosing the Nyquist template, the FRF averages of the first excitation event are automatically
assigned to a spectrum analyzer instrument and the Nyquist instrument. The first step is to determine
if a manual frequency range or a frequency range based on another instrument on the page or nearby
should be used for the circle fit. To choose the frequency bandwidth with another instrument, the
spectrum analyzer, three options are available.

¢ Single cursor - Select the center frequency with one cursor, whereas 10 bins below and above
the chosen frequency are used as default for the circle fit. This is also the case if the frequency is
chosen manually.

e Dual cursor - Select the frequency range of interest with upper and lower cursor. The center
frequency is automatically calculated as middle of the selected band.

e Triple cursor - Select the lower, middle and upper frequency to specify an asymmetrical frequency
range.

This means if a Bode plot is linked, one two or three cursors can be set to specify the frequency band of
the Nyquist plot. See the example Fig. 3.23 which facilitates a single cursor in an amplitude Bode plot.

In this example the frequency range @ is chosen via the amplitude bode plot @ on the same page and
the fitting parameter is calculated by center and radius @ . There is also the option to only calculate
the loss factor via the center or just display the Imaginary and Real part of the signal. In @ the resulting
fitting parameter(Natural frequency and Loss factor) as displayed and can be copied to the clipboard.

24 Chapter 3. Getting started



\ 4

©100X+/1...m/s*/N] @ 100Y+/1...m/s*/N]

@ 100Z+/1...m/s?/N]
Af =2.441406 Hz

600 Hz mtsoo Hz
761.7THz X

©100X+/1...m/s*/N] 0.1418

100Y+/1...m/s*/N] 0.0537

©100Z+/1...m/s*/N] 0.1106

More information
SDOF circle fit .

D 100X+/1...m/s*/N]

@ 100Y+/1...m/s*/N] @ 100Z+/1.. g/s* /N

Real

Nat...ncy Loss factor

©100X...%/N] 763.36Hz 3.79%
©100Y...2/N]  760.99Hz 4.67%
©100Z...%/N] 760.81Hz 4.43%

Fig. 3.23: SDOF circle fit
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regarding the calculation basis and theory of the circle fit can be found at chapter

3.5. The Modal Test scree
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This chapter describes the calculation princeples and recorded data channels.
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Fig. 4.1: Signal and Data flow

4.1 Calculation modes

In this chapter, the calculation modes for all relevant results will be explained.

4.1.1 FRF - Frequency Response function

The FRF is calculated between each excitation/response pair in mono or triaxial mode, depending on
the sensor. These calculations are available as single-event transfer functions and averaged transfer
functions for each excitation/response pair of the same direction. The data can be displayed as ampli-
tude spectrum, phase spectrum, real part, and imaginary part in the instrument properties tab of the
modal test screen. The information is stored as a complex frequency spectrum and can be exported in
various formats; see chapter Recording and exporting data .
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4.1.2 FRF Calculation - Transfer function & bode plot

In the "Trigger & FRF” Fig. 3.16 tab, one calculation type has to be chosen to define a modal test setup.
The variables A and B stand for the complex spectra of the input (excitation) and output (response).
Additionally, A’ and B’ present the complex conjugate spectra of the input and output channels.

A(w) Complex spectra of input channel.
B(w) Complex spectra of output channel.

In case the output signal is noisy, the H; algorithm can be used:
B(w) § A'(w) _ Sap(w) _ Gap(w)
Alw) A(w)  Saa(lw) Gaa(w)

A’(w) Conjugate complex spectra of input channel

Hy(w) =

B’(w) Conjugate complex spectra of output channel

If the input signal is noisy, the Ho algorithm can be used:
Bw) B'(f) _ See(w) _ Gpp(W)
Aw) B'(f) Sapw) Gap(w)
In case both input and output signal are noisy, H3 or H,, can be used:

H H
Hg(w) _ 1((,4]) —; 2("‘))

Hy(w) = /Hi(w) * \/Hy(w)

Hg(w) =

4.1.3 Coherence

The Coherence function compares the response function of the active group (excitation and response)
with previously recorded response functions and returns values between 0 and 1. A value of 1 indicates
an identical response function. Typically, measurements with a coherence below 0.8 are rejected and
must be repeated.

Coherence calculation for two signals:

IGxy (f)?

2 _
) = a7 = (G (7))

G xy (f) Cross-spectral density
Gxx(f) and Gyy (f) Auto spectral density

Coherence calculation of a signal group and another signal:
H -1
2ys(f) Clys) * Gy () * Gas(f)

N = Gpa(f)

The following applies to this formula:

vous(f) €10,1]

A value of 1 indicates a linear relationship between all signals in the selected group [a;();. .. ; an(t)]
and the signal b(t).

Whereas a value of 0 indicates no correlation between the signals a;(¢);. . .; a,(t) and b(t).
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4.1.4 MIF - Mode Indicator functions

The Mode Indicator Function (MIF) evaluates the set of Frequency Response Functions (FRFs) included
in the current modal data set. Values approaching 0 indicate the presence of a mode, while values
approaching 1 indicate the absence of a mode.

In case multiple excitation nodes are used, the MIF is calculated for the FRF’s of each individual excitation
node, see Modal Test channel list number 4.

In addition, the MIF is calculated for the FRFs of all excitation nodes, see Modal Test channel list number
11.

For a given frequency, the contributions of all FRFs included in the current analysis are combined ac-
cording to:

i Re{Hy(f))?
S | Hi(f))

H;(f) complex value of the i-th Frequency Response Function (FRF) at frequency f

MIF(f) =

Nrrr total number of FRFs included in the current analysis

In the current implementation of the modal test, no model validation or curve fitting is implemented.

In a roving sensor setup with a single excitation location, the per-excitation-node MIF and the overall
MIF are identical, as both are calculated from all FRFs available in the current modal data set.

4.1.5 SDOF circle fit

The SDOF (Single Degree of Freedom) circle fit is a numerical method to estimate the natural frequency
and loss factor. To calculate the loss factor, a spectral region, see Fig. 4.2, is chosen where one natural
frequency is assumed and transformed into a Nyquist plot, see Fig. 4.3 . In the Nyquist diagram, the
point at which the circle crosses the Y-axis represents the exact natural frequency.

4.1. Calculation modes 29
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A H((U)

Himax
Hmax

=

v

w1 Wy = Wy Wy

Fig. 4.2: Frequencies with the amplitude fit method using the amplitude response of an ideal
single-mass oscillator

Fig. 4.3: Nyquist plot for SDOF with the locations of the natural frequency wg and other frequencies w,
and wy
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Subsequently, two known frequencies and their angle can be used to calculate the loss factor. The
spectral region of interest must only contain one natural frequency.

wg — w? N 2(wq — wp)

w [tan (%) +tan (%)} wo [tan () +tan (%)}

’r/:

7 Loss factor

wp Natural frequency (Eigenfrequenz)

wq Frequency above and

wp Frequency below the natural frequency wy
H (w) Frequency response

An example of the OXYGEN implementation and application is shown in chapter SDOF circle fit .

4.2 Modal Test channel list - Recorded channels

Inthe current implementation of the modal test, the results of the Modal Test are divided into Excitation,
Responses, and MIF (mode indicator function).

4.2. Modal Test channel list - Recorded channels 31
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Fig. 4.4: Modal Test channel list

Table 4.1: Legend

Excitation - grouping channel

Spectra of input raw response channels

Input Raw of excitation and response nodes

FRF Single - FRF of single excitation event

Spectra of input raw channels

FRF AVG - Average of single FRFs

MIF - calculated for each excitation node in-
dividually

GBS

Coherence of excitation events

Responses - grouping channel

S

MIF - calculated over all excitation-FRF paths

@@ ®WEO

Input raw of excitation and response nodes

W
N
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CHAPTER

FIVE

OPERATION

BASICS

In this chapter, the steps to carry out a modal test are described. This requires a sound setup of sensors
see Setting up data channels , and the definition of a test object, assignment of chnnels, and trigger

settings, see Creating a Modal Test .

(® Arming the
Measurement

@ Measurement
Screen Design

Delete &
repeat

(© pata
ok? <
Delete &
YES repeat
Next
point
Measurement End

Fig. 5.1: Workflow

@ Modal Test Setup

Mainly coherence,
double hit detection
and level saturation

@ Channel
Setup

@ Hardware
Connection

Keep & repeat
on same
position

Keep & repeat
on same
position
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Table 5.1: Modal Test Workflow

1 Connect an excitation device (hammer) |6 Carry out an excitation at the first excita-
and mono/triaxial accelerometers to the tion point.
hardware.

2 Configure the input/response channels |7 Check after each hit/excitation if the data
depending on sensors (see Setting up data is valid (depending on the test setup mul-
channels). tiple hits per point have to be made and

individually evaluated). Repeat hits until
all excitation events for this position are
completed correctly.

3 Modal Test Setup (Create a test object, de- | 8 Continue to the next excitation point and
fine input channels, configure Trigger & carry out an excitation.

FRF).

4 Measurement screen design (Load Modal |9 Evaluate the data and repeat until the test
Test Screen template and optionally edit). is complete, then stop the recording.

5 Arming the measurement and start

recording (Make sure the “Active” button
is enabled).

As shown by Fig. 5.1 above, the acceptance or rejection of an excitation event is a central step in the
recording of modal data. OXYGEN MODAL Test includes several options to warn the user of potentially
flawed measurements. Based on the settings in the "Trigger & FRF” tab following flaws are marked:

e Double hit warning (% of triggered peak): pink

e Range warning (% of range): orange

¢ Range exceeded (> signal range, this is always active): red

If no excitation is recorded whatsoever, check the trigger level in the “Trigger & FRF” tab and the “active”
button in the modal test screen.

5.1 Trigger Warning

In the case of an successful measurement, each recorded excitation results in green bars for all sensors
as well as the excitation hammer. In the figure below, the first excitation hit @ had a double peak
which surpassed the defined threshold in regards to the trigger level and thus shows a pink color with
an exclamation mark in the bar. This is also displayed in the excitation group @ with a pink color for all
three events. If a measurement exceeds the previously defined limits for the sensor range, a warning
in the form of an orange bar is displayed shown in @ for the excitation and the X+ response. If the
measurement range of the channel is exceeded, the bar will turn red instead.

34
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Fig. 5.2: Warnings

@ Exceeding of measurement range for excitation channel. @ Exceeding of measurement range for
the X+2 response channel. @ Exceeding of the defined measurement range (Trigger & FRF tab). @
Double hit excitation warning. Double hit warning, marked for whole measurement group.

5.2 Recording and exporting data

When a recording is started, all previously collected data is discarded. While a recording is paused,
no data is saved, even though a trigger event can be recognized. Keep this in mind when pausing a
recording while changing the excitation point, for example.

To export data, save a recording and open the *.dmd file. Then switch to the export settings in the
Menu Bar on the right of the start screen. The default export format is *.uff (universal file format), but
a variety of other data types are available.

5.2. Recording and exporting data 35
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O Attention

Only single-value vector channeles can be exported. This means only the MIF, Coherence, and FRF
AVG channels can be exported!

For further information, please refer to the latest OXYGEN manual available in our Customer Care Center

36 Chapter 5. Operation Basics


https://ccc.dewetron.com/pl/oxygen

	Preface
	Document History
	Getting started
	General Features
	OXYGEN Basics
	Setting up data channels
	Creating a Modal Test
	The Modal Test screen
	Modal Shape animation
	SDOF circle fit


	Understanding Modal Test
	Calculation modes
	FRF - Frequency Response function
	FRF Calculation - Transfer function & bode plot
	Coherence
	MIF - Mode Indicator functions
	SDOF circle fit

	Modal Test channel list – Recorded channels

	Operation Basics
	Trigger Warning
	Recording and exporting data


